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Soil or rock properties where buildings are situated play an
important role in the ground shaking caused by an earthquake. The highly populated Banda Aceh
city in the northernmost Sumatra is flanked by two active faults, the Seulimeum and the Aceh
segment. Therefore, it is crucial to investigate the subsurface characteristics of the region to reduce
the earthquake risk as there was no regional study has been conducted so far.

Characteristics of the soil or rock of the subsurface were derived from various seismic
parameters. The seismic microtremors were recorded at 36 sites covering the highly populated
city and the two active faults. The spatial autocorrelation method was used to obtain a dispersion
curve based on the relationship between seismic frequencies and phase velocity from triangular
geophones array to determine the shear wave velocity of the subsurface layer. The seismic
amplification, dominant frequency and vulnerability value at each measurement point were
measured using the horizontal-to-vertical spectral ratio method. The maps of velocity structure and
HVSR parameters were generated from the interpolation of those seismic parameters.

Based on the variation of the four geophysical parameters: shear wave velocity, seismic
amplification, dominant frequency, and seismic vulnerability, the study area can be clustered
into five different groups: 1) Banda Aceh, Il) Jantho, Ill) Krueng Raya, IV) Lhoknga-Lhoong, and V)
Seulawah, which classify the different types of rocks. The classification of soil properties from the
combination of shear wave and horizontal-to-vertical spectral ratio data correlates with the geology
of the study area.

The Banda Aceh city, flanked by the two active faults, is characterized by low shear
wave velocity and high amplification because the city stands on the sedimentary basin; thus, it
requires a detailed investigation prior to constructing infrastructures. The other clusters are located
on the relatively less vulnerable areas, indicated by moderate shear wave velocity and moderate
to low seismic vulnerability indexes. The joint analysis shows that the combination of physical
properties, including the shear wave velocity, seismic amplification, and dominant frequency,
can be used to investigate lithology and seismic vulnerability into a specific cluster. The research
results are essential for hazard mitigation and can be used for disaster risk management by the local
government. A detailed investigation with denser measurement points needs to be conducted to
comprehensively describe the types of rocks in Banda Aceh and its surrounding.

©2022 GJESM. All rights reserved.
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Seismic amplification and soil properties based
on seismic shear wave velocity parameters are
crucial to investigate, particularly seismically active
and highly populated regions. Banda Aceh and its
surrounding areas in the northernmost Sumatra are
among the most earthquake-prone zones because
they are surrounded by earthquakes sources (Fig.
1). Large offshore earthquakes (e.g. the Mw 9.3
Sumatra—Andaman earthquake and the Mw 8.5 Nias
earthquake) mainly occur along active subduction
zones. Meanwhile, onshore earthquakes tend to
occur along the northern segment of the Sumatra
Fault System, including the Aceh fault, Seulimeum
fault (Sieh and Natawidjaja, 2000), Pidie Jaya fault
(Muzli et al., 2018; Idris et al., 2019) and Central
Aceh fault (Muksin et al., 2019). The Seulimeum fault
generated an earthquake with a magnitude of M 7.0
in 1936, and such an event caused building collapse
and severe property damage, along with several
reported fatalities (Untunget al., 1985). Although
no major event has been recorded in the last 170
years along the Aceh segment, the occurrence of a
large earthquake remains possible (Ito et al., 2012).
Therefore, mitigation plans for earthquake events in
Banda Aceh should be prioritized. The city is one of
Sumatra’s most economically developed areas and is
becoming a highly populated region. Bilham (2009)
suggested that rapid development has put developed
cities at relatively high risk for a significant increase
in fatalities and economic losses caused by damages
to buildings or other infrastructure in the coming
years. Earthquake intensity and construction quality
play an important role in building damages. Several
geophysical parameters can extend infrastructure
damages, including seismic amplification, ground
acceleration, rock or soil properties of sites, and
geology of regions (Goda et al., 2015). Seismic
amplification, which represents the possible extent
of ground shaking of sites during earthquakes, can
be defined by the maximum value of the horizontal-
to-vertical spectral ratio (HVSR) at a certain dominant
frequency (Nakamura, 1997). Areas with high damage
ratios during earthquake events have high values
of HVSR and low dominant frequencies (Nakamura,
1997).

Several studies have shown that the types of
soils or rocks can be classified based on the velocity
of shear waves (Vs) passing through the subsurface.
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Very dense soil has Vs values between 360 and 760
m/s, whereas soft soil has Vs values of less than 180
m/s. Several methods can be used to determine Vs
values, including multichannel surface wave analysis
(Park et al., 2007) and the less invasive method,
called spatial autocorrelation (SPAC) (Cho et al., 2004;
Cho, 2019). For regional studies, shallow structures
can be derived by ambient noise tomography (Ryberg
et al., 2016), while the seismic refraction of very
localized areas can be used to determine the velocity
of pressure (Vp) and shear waves (Vs). Among the
methods, SPAC is one of the least expensive ones, but
it remains reliable when applied to inaccessible areas,
such as the Banda Aceh region in the northernmost
Sumatra. Some successful SPAC research around
the world includes those conducted in Nevada
(Scott et al., 2006), Italy (Forte et al., 2019), and
Japan (Matsuoka et al., 2006). The objective of the
research is to investigate the geophysical properties
of the shallow and vulnerability of the northernmost
Sumatra. The Vs values are used to derive the types
of soil based on the classification of the National
Earthquake Hazards Reduction Program (NEHRP). The
combination of various HVSR data, including seismic
amplification and dominant frequency and Vs values,
can be used to derive more detailed soil clusters in
the northernmost Sumatra. The results can be used
to investigate the probabilistic seismic hazards of
Banda Aceh and update the loss assessment map of
Banda Aceh developed by Rusydy et al. (2020) for
different earthquake model scenarios.

Geology of study area

A complex tectonic process makes Banda Aceh
and its surrounding areas prone to moderate—large
earthquakes that potentially generate massive ground
shaking on the surface. Such shaking is attributed to
the Banda Aceh basin, formed since the Quaternary
and pre-Quaternary and recognized as alluvium
deposited. The Banda Aceh basin is mostly influenced
by recent alluvium and marine sediment products
consisting of gravel, sand, silt, and clay (Rusydy et al.,
2020). The upper layer of the southeastern part of
the Banda Aceh basin is covered by pre-Quaternary
rocks from Pliocene to Pleistocene (Fig. 1) up to 500
m; these rocks consist of calcareous and tuffaceous
sandstones (Siemon and Steuer, 2010). As a result of
oblique subduction, the Banda Aceh basin is flanked
by the Aceh fault in the southwest and the Seulimeum



Fig. 1: (a) Geographical map of Indonesia and the study area in the Aceh Province. (b) Seismic activities map of Aceh Province showing

earthquake distribution that mostly occurred along active faults and subduction zones. The red square marks the study area for this study

in the Banda Aceh city and its surrounding. (c) The Study area in the Banda Aceh city and its surrounding and the observation points (blue
triangle) while Aceh fault in the left part and Seulimeum fault in the right part (black line).

fault in the northeast (Muksin et al., 2019). The Aceh
fault marks the boundary between the Banda Aceh
basin and the limestone formed from Jurassic to
Cretaceous as an oceanic accretion rock that is part
of the Woyla group (Barber et al., 2005). In addition,
the Seulimeum fault was formed within the volcanic
Quaternary in the northwest of the Krueng Aceh
basin (Siemon and Steuer, 2010). Therefore, Culshaw
et al., (1979) categorized this basin as a graben-type
structure.

A previous study conducted by Asrillah et al.,
(2019) indicated that the soil properties beneath the
Banda Aceh basin have a Vs structure that generally
dips down from SE to NW and gradually declines from
SW to NE. This result may be affected by the soil type
around the Seulimeum fault being denser than that

around the Aceh fault, as also related to geology.
As shown in Fig. 2, the geological structure in the
Banda Aceh basin is dominantly formed by young
alluvium sediments that can amplify ground shaking
on the surface. With sandbar formations and material
structures with a low density, Banda Aceh and Aceh
Besar are likely to be earthquake- and liquefaction-
prone zones. The current study aims to investigate
the physical properties of the subsurface of the
northernmost Sumatra. This study was carried out in
Aceh Besar and Banda Aceh region in 2020.

Data Acquisition
The experiment was conducted at 36
measurement points in the northernmost Sumatra
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Fig. 2: Geological map of Banda Aceh and Aceh Besar regency (modified Barber et al., 1998). Most materials around the study area are

composed of young alluvium (Qh), volcanic rocks (QTvt) and limestone (Murl) from the Cenozoic until the Tertiary. Measurement points are

at 36 locations around Banda Aceh and Aceh Besar cross the Sumatran and Seulimeum faults, with the distance between each site being
5-10 km

covering the Banda Aceh city, the sedimentary basin
and the Seulimeum and the Sumatran faults (Fig. 2).
The measurement of microtremors using center-less
triangle seismic arrays was performed using three
high sensitivity geophones (80 V/m) with a natural
frequency of 5 Hz and operating temperature range
of -40 °C-80 °C. The instrument has a harmonic
distortion of less than 0.1% and can thus reduce the
problems caused by the overheating and overloading
of power system equipment. The distance between
sites was 5-10 km, and the data recording time for
each site was 30-45 min. The geophones were set
with a distance of 3 m as the center-less curricular
array (Cho et al., 2006); therefore, the array radius
was 2.6 m. The sampling rate in the DSS Cube as the
data logger was set to 100 sps (samples per second),
and the effective resolution was set to 22 bits; at this
condition, the recording of interval stability and time
accuracy lasted 0.01 ms. Recordings were made by
placing three one-component geophones at azimuths
of 0°, 120°, and 240° into three-component (north—
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south, east—west, and vertical) channels of DSS Cube
as the data logger. To derive the classification of
rocks and soils, the data from the recordings were
used to determine the shear velocity (Vs) beneath
the measurement points based on the SPAC method.
At the same locations, microtremors were also
used by a Nanometrics trillium compact broadband
seismometer with a sensitivity of 750 V/m + 0.5%.
The seismic waveforms were stored in DSS Cube.
The recording was performed for 40 min for each
site at a sampling rate of 100 sps. The data were
used to determine the amplification and dominant
frequency of the sites, as well as the value of seismic
vulnerability, based on the HVSR method. These
parameters represent the vulnerability of buildings
or areas to be affected by earthquakes.

Vs modeling using SPAC

The SPAC method is used to obtain a dispersion
curve (curve of frequency vs. phase velocity) and
model the shear wave velocity structure (Vs) in the



- Shew Velugly AV, |kav's)

‘I."“'-'l -'_‘:'-"lr 5 £ R [ET1} i 1.3 i
i, | L i
2 O s:nis
- = Pradil i
i
]
E i Fall B -
é s it "i
2 % £
Wl v}
a 8,
- i (TR T T |
m*#l‘ |':|.'|,||_','|||._.. .H..'| :'I,'i. h
il Wi
=] 2 ! I b [0 [ B L] ah IE Hi
Freguency | Hiz| :c'

Vertical Compoitens

Ty 2 3 5
virdee ted vl " TATLA e T HOALST -

A O B

SR LT A A T,

1 1] Il 150 L] hCi ] TN [[1=0; a1 ] 11545
Time |5)
Fig. 3: (a) Dispersion curve of microtremors recorded at site ABO9 describing the relationship between frequency and velocity following
the linear trend (AVs_ (blue), AVs, _ (purple), and AVs, _ (red)). The AVs trend at a specific depth (10, 20, and 30 m) was set based on the
average value in the thick layer at a shallow depth. (b) AVs was converted with Eq. 3 to obtain Vs as the representative value for a specific
depth. The graph shows a three-layer graph formed by Vs over depths of 10, 20, and 30 m. (c) Example of waveform recording in the vertical
component at AB09 and the segmentation window (green triangle)

subsurface layer based on microtremors (Thein et
al., 2015). A microtremor is assumed to be complex
mixed waves consisting of Rayleigh waves that
arrive from multiple directions to the field (Okada,
2006). Therefore, the accuracy of microtremor
analysis is highly dependent on the shape and size of
arrays. Such dependence is avoided by conducting
microtremor array surveys using circular seismic
arrays with a certain distance. In the SPAC method,
observation records are transformed into the
Fourier domain, and the autocorrelation function
of each geophone is calculated. Autocorrelations
calculated from a triangular array configuration are
referred to as SPAC functions, useful in estimating
dispersion curves, which help obtain subsurface
structures under realistic conditions. In the current
work, BIDO2.0 tool (Cho, 2019) was used to estimate
the dispersion curve of the recorded microtremor
data (Fig. 3a). The recorded data were filtered,
with a range of 0.1-10 Hz. For the spectral analysis
of microtremors, the recorded data were divided

into 10.24 s segments (Fig. 3b) to avoid transient
noise from civilian and machine activities near the
measurement points. The segments containing
significant data variations were removed from the
calculation based on the short-term average—long-
term average (STA/LTA) ratios (Fig. 3c). Selected
quiet segments were used to calculate the power
spectra and then smoothed by fitting the parzen
windows with a bandwidth of 0.3 Hz. The SPAC
coefficient was calculated by averaging all azimuths.
A root-solving method combining the bisection and
secant methods was applied to average the spectra
ratio by fitting the Bessel function to search for the
radius times the wavenumber rk and the parameter
of the Bessel functions in the range [0, rk _]. The
value of rk__ corresponded to the first maximum or
minimum function value. The obtained rk was used
to calculate the phase velocity (c) using Eq. 1.

f
C—ZTIE

(1)
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Where, fisthe frequency and kis the wavenumber.
Given these parameters, the SPAC coefficient,
averaged spectra ratio, and dispersion curve were
calculated using the BIDO2.0 tool. In general,
dispersion forms when waves propagate in the layers
of soil and subsurface rocks with different velocity
values. The crossing point between a dispersion
curve and a surface wavelength proportional to the
array radius and frequency represents the phase
velocity of the corresponding wavelength (Fig. 3a).
Thus, the averaged phase velocity (AVs) of the layered
subsurface was obtained in this work. For example,
AVs_ is the AVs between 0 m (surface) and 30 m. The
average shear wave velocities for depths of 0-10 m,
11-20 m, and 21-30 m, labeled respectively as AVs_,
Avs,, and AVs_, are obtained when Rayleigh wave
velocities correspond to the wavelengths of 13 m, 25
m, and 40 m (Cho et al., 2008). The method has limited
accuracy but effectively visualizes the relative spatial
variations in shear wave velocities. In this research,
three averaged velocity values were estimated: AVs_,
Avs,, and Avs_, for each site. With these values,
Vs structure of the three-layer subsurface interval
velocities can be determined using Egs. 2, 3 and 4.

Vs =AVs,, (2)

(0-10m)

Vs _ (AVs11-AVsy0)
(11-20m) = ‘5.4vs,, —2.4Vs5, (3)

(AVsz1-AVs3g )

VS(21—30 m) = (3-AVsy1—2-AVs3g) “

The Vs values of the layers can be then compared
with data from Tohari et al. (2015) who assessed the
Vs values below stratum using the Cone Penetration
Test.

Horizontal to Vertical Spectral Ratio

The HVSR has routinely been considered a quick
tool to assess possible amplification effects in seismic
hazard studies. The microtremor records in the time
domain of the horizontal and vertical components
were transformed into the frequency domain to
obtain the horizontal and vertical spectra. The current
work used the method by Nakamura (1989) involving
the HVSR of the single station microtremor records.
Generally, the amplitude of a vertical component does
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not change significantly, whereas that of a horizontal
component is affected by soil properties. Vertical
components cannot be amplified around frequency
ranges, in which horizontal components receive
large amplification (Nakamura, 2000). Nakamura
(2000) assumed that the horizontal-to-vertical (H/V)
spectrum as a frequency function is closely related to
the site transfer function of shear waves and that the
HVSR represents one of the amplification factors. The
different H/V values for the three locations indicate
the variations of the site conditions representing the
rock properties of the area. In Nakamura’s method
(Nakamura, 1989, 2000), the local effect arising from
surface geology is calculated by the spectral ratio of
the horizontal and vertical components (i.e., HVSR)
using Eq. 5.

H_ JNS*+ EW’
v v (5)

Where, NS is the spectrum amplitude of the
north—south component, EW is the east—west
component, and V is the vertical component. The
amplitude of the horizontal component (NS and EW)
was averaged using the root mean square equation
and subsequently divided by the amplitude of
the vertical component to obtain the average H/V
spectrum. From the H/V spectrum, the dominant
frequency and period (f and T) were obtained, as well
as the H/V peak, associated with the amplification
(A) at each measurement location. The dominant
frequency is closely related to the lithological
conditions and thickness of the subsurface. Low
dominant frequency values are associated with thick
layers of soft sedimentary sub surfaces, whereas high
dominant frequencies are related to thin subsurface
layers (Gallipoli et al., 2004; El-Hady et al., 2012).
The high value for a dominant period (low dominant
frequency) is due to the thick layer of sediments
in the subsurface that trap Rayleigh waves for long
periods (Stanko et al., 2017). The H/V spectrum is
mostly influenced by wave speed and rock density.
If the wave speed is low, the H/V value is high.
Furthermore, the amplification value is large for
areas composed of low-density rocks or soil. Seismic
surface waves propagate slowly in soft sediments,
and ground shaking can be amplified and thereby
cause severe damage. The seismic vulnerability index
(Kg) can be calculated by dividing the square of the



amplification by the dominant frequency value using
Eqg. 6 (Nakamura, 1989).

A2

K, F

(6)

The Kg value is used to identify soft soil regions
and qualitatively estimate possible damage areas
(Gosar, 2007; Beroya-Eitner et al., 2009; Asten et al.,
2014; Pamuk et al., 2018). Many researchers have
used the HVSR method to characterize soil resonance
frequency and calculate the vulnerability parameters
used for earthquake mitigation plans (Tin et al,
2016; Maresca et al., 2018; Alamri et al., 2020).

Shear wave velocity

An example of the recorded data and the 1D
velocity modelling for site ABO9 is shown in Fig.
3. The microtremor data were bandpass filtered,
with a frequency of 0.1-10 Hz and segmented into
several 10 s windows. All segments were converted
into the frequency domain using fast Fourier
transform to obtain the dispersion curve (Fig. 3a) for
the measurement point of AB09. Phase velocity is
inversely proportional to frequency, increasing over
depth. The dispersion curve for site ABO9 shown
in Fig. 3 reflects the average shear velocity (AVs)
controlled by the frequency range depending on the
physical properties of rocks at a depth of 30 m. The
relationship between AVs and frequency suggests the
vertical heterogeneity of the structure beneath the
site. The difference values of the shear wave velocity
at all points indicate the lateral heterogeneity of the
rocks in the subsurface at a depth of 30 m.

The AVs value at a depth of 20-30 m was 180 m/s
(5.9 Hz), while that at 1020 m is 160 m/s (7.7 Hz). The
increasing value of AVs over certain depths suggests
increasingly compact rocks or soil in deep layers. Given
the average velocity AVs, the shear wave velocity Vs
at a certain depth can be determined using Eq. 3. The
values of Vs of 100, 160, and 200 m/s at depths of
10, 20, and 30 m, were obtained respectively. The
example of Vs beneath site AB09 is shown in Fig. 3b.
The graph of Vs is more representative than that of
AVs as it shows the increase of Vs at certain depths.
The Vs values were interpolated in the vertical and
horizontal directions to observe the structure beneath

the study area for further analysis. The thickness of
the sedimentary layer and the identification of the
geological structure can be investigated from the
vertical cross section shown in Fig. 4. Three vertical
slices showing the structure of the subsurface are
provided. Parallel lines crossing the Sumatran and
Seulimeum faults were chosen to differentiate the
lithologies along the lines. The type of soil along the
A-B profile at a depth of 1-10 m with a Vs range of
80-100 m/s is considered as class E soil (Table 1). At
greater depths, the soil is classified as class D soil. The
Banda Aceh basin can also be seen beneath profiles
C-D and E—F in Fig. 4.

The thickness of the sedimentary layer and the
identification of the geological structure can be
investigated from the vertical cross section in Fig.
4. Three vertical slices showing the structure of the
subsurface were presented. Parallel lines crossing
the Sumatran and Seulimeum faults differentiate
the lithologies along the lines. The type of soil along
the A-B profile at a depth of 1-10 m with a Vs range
of 80-100 m/s is considered class E soil while at the
greater depths, the soil is classified as class D soil
(Table 1). The sediment formation of the Banda Aceh
basin can also be seen beneath profiles C-D and E-F
in Fig. 4 with a similar range. The Vs_, figure that is
vital for earthquake hazard analysis was presented.
The Vs, are different in each station due to the
subsurface condition. In Fig. 5, the 1-D velocity model
ranges higher to the active fault while lower to the
central part.

Fig. 5 shows the lateral variation of the Vs_ values
between 200 and 240 m/s. The high value of Vs,
(between 215 and 220 m/s) is located along the high
elevation in the Sumatran fault. The lowest value of
Vs, is located in the Banda Aceh basin at 210 m/s

(Fig. 4).

Seismic vulnerability

The seismic records were used with minimal
transient effect by applying the anti-triggering STA/
LTA, with a minimum threshold of 0.1-0.5 s and a
maximum threshold of 1.5-2.0 s. After reducing the
transient effect in the evaluation stages, a bandpass
filter, with a range of 0.005-20 Hz with a 5% cosine
taper, was used. The time domain microtremors
were converted to frequency domain ones and then
windowed using the Konno—Ohmaci method (1998)
with b = 40 bandwidth. The spectral ratio graphics
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Fig. 4: Three slices are set up to figure the vertical profile of Vs over depth along lines (a) A-B, (b) C-D, and (c) E-F, respectively. The ver-

tical profiles clearly show the existence of the Banda Aceh basin that stand on alluvial sediment in the central part, while the Aceh and
Seulimeum fault stand on limestone and volcanic structure in the left and right part
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Table 1: Five clusters classified from different geophysical parameters (the geological map is considered to define the possible types of

rocks)
Cluster Amplification (A) Frequency (f) Vs30 Soil class Possible types of rocks
| Low-Moderate Moderate—High High E-D Young Alluvium
Il Moderate Low—Moderate Low D Alluvial Sediment
1 High Low—Moderate Low E Young Alluvial Sediment
\% Moderate Moderate Moderate D Limestone
\" Low High High C Volcanic Rock
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Fig. 5: (a) Examples of 1D velocity model derived from microtremor data obtained by SPAC beneath four sites ABO4, AB13, AB09, and AB22;
and (b) horizontal profile view of Vs30 as a result of the interpolation of Vs values at all locations

were then obtained by calculating the ratio of the
horizontal components to the vertical components as
the H/V amplitude. Three examples of microtremor
recorded at different locations (along the Sumatran
fault, Seulimeum fault, and Banda Aceh basin) and the
results of the HVSR analysis are shown in Fig. 6. The
different H/V values for the three locations indicate
the variations of the site conditions depending on the
rock properties of the area.

After analyzing the data from all sites, the values
were compiled and the dominant period (T) and
vulnerability index (Kg) were calculated. The maps of
the dominant frequency and period, the H/V values,
and the vulnerability index are provided in Fig. 7.
High dominant frequencies were recorded along the
Sumatran and Seulimeum faults, while low frequency
microtremors were recorded in the Banda Aceh basin
of the study area (Fig. 7). In contrast to dominant
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frequencies, low dominant periods were observed
along the faults (Fig. 7b). The authors also calculated
the amplification value (A) (Fig. 7c) from the vertical
axis of the peak of the H/V curve. Low H/V values
were found along the two main faults because hard
rocks constituted the areas. Meanwhile, the Banda
Aceh basin was characterized by high values of
amplification; thus, the seismic vulnerability Kg was
also high. As shown in Fig. 7, the highest value of K, is
located in the basin area, while the values of K, along
the two active faults are relatively low.

Statistically, all geophysical properties from HVSR
and SPAC analysis can be analyzed to measure the
correlation between those parameters, as shown in
Fig. 8. Each square provides the correlation values
between the variables on each axis, ranging from -1
to +1. The small correlation coefficient (closer to zero)
means no linear trend between the two variables,
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Fig. 6: Three recording examples in AB27, AB05, and AB23 show different waveforms depending on site properties. The spectrum analysis
of AB27, ABO5, and AB23 generated a normal curve graph of amplitude (A) and frequency (f)

Fig. 7: Maps of (a) dominant frequency, (b) dominant period, (c) amplification, and (d) vulnerability index resulting from HVSR analysis

while the closer to 1 correlation value indicates a between parameters. The frequency parameter
positive correlation between the two parameters. strongly correlates to shear wave velocity at a depth
The values closer to -1 also indicate a good correlation of 20 m but almostindependent seismic amplification.
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Fig. 8: Correlation index of seismic parameters:

The amplification has a weak relationship with shear
wave velocity at a depth of 10 m. The vulnerability
positively correlates to frequency and shows no
correlation to shear wave velocity (Vs).

General interpretation of physical properties

The soil or rock characteristics were derived from
the geophysical parameters of dominant frequency,
amplification, and shear velocity. The authors
connected Vs, with the H/V parameters to classify
the soil properties into different categories, following
the recommendation from the 1997 NEHRP; (Boore,
2004). The clustering results showed different soil
classes: soft soil (E), rigid soil (D), and soft rock (C),
as specified in Table 1. In most sites, nearly uniform
Vs values of over 200 m/s in the third layer (21-30
m) were found, regarded as a more compact and
steadier structure than the upper layer.

The soil or rocks at certain depths were
considered stiff, given high values of Vs (Fig. 4).
Such structures are classified as the class D. The Vs
value of the third layer at a depth of 30 m, i.e., Vs,
is important because it is often used in geotechnical
investigations. It highlights the characteristics of rocks
at a depth of 30 m. The results of the SPAC and H/V
analyses indicate a reciprocal relationship between
the different geophysical parameters. The area was
clustered based on different geophysical properties,
Vs,, amplification, and dominant frequency (Fig. 9).
The area with physical properties of low Vs, , high
amplification, and relatively high dominant frequency
was called Cluster I, and the rock type was classified
as class E. Clusters Il and IIl had Vs, values between
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frequency, amplification, vulnerability, and shear wave velocities

210 and 228 m/s with a relatively low amplification
of 2.5-6. The area with amplification between 2-3,
Vs, between 230-244, and dominant frequency of
3-4 Hz was called Cluster IV. Cluster V had the highest
values of Vs, between 250-265 and, thus, the highest
density; it also had the lowest amplification values
and was considered the least seismically prone area.
The maps of the clusters in Fig. 7 are shown in Fig.
9 to discuss the seismic soil properties of each area.

Cluster | (Banda Aceh)

Cluster I, where Banda Aceh is located (Fig. 9),
is the most important area in this study because it
is a densely populated region and is the center of
economic and governmental activities. Banda Aceh,
standing above the basin, is predominantly composed
of alluvium (Fig. 2). This soil type correlates with low
Vs, high amplification, and low dominant frequency
(Fig. 8). The interpolation of Vs from the first slice A-B
shown in Fig. 4 indicates the existence of the Banda
Aceh basin and two active faults in the northern part
of the study area. Asrillah et al. (2019) also profiled
the top layer of the Banda Aceh basin as less dense
with soft soil and slightly flat layered sediments.
The less-dense soil at the top surface is associated
with the young alluvium (Qh) suggested by Barber
(1998) in the geological map (Fig. 2). From the Cone
Penetration Test data, Tohari et al. (2015) suggested
that the topsoil layers in Banda Aceh mainly
consists of clay and sand, coinciding with low shear
wave velocity found by this study. During the 2004
Sumatra—Andaman tsunami, many reports raised a
possible liquefaction phenomenon in Banda Aceh.



Y. Asnawi et al.

-

-

Viad im0 B o i

I I e
b Vit [N os ]

Fig. 9: Clusters of zonation derived from the combination of Vs

30’
located by different parameters, Cluster | in the Banda Aceh Basin, called the Banda Aceh cluster, Cluster Il in the southern part of Basin

Aceh, called the Jantho cluster, cluster Il in the northern part of Seulimeum fault, called the Krueng Raya cluster, cluster IV along Aceh fault,
called the Lhoknga-Lhoong cluster, and cluster V along Seulimeum fault and Mount Volcano of Seulawah Agam, called the Seulawah cluster

Meanwhile, seismic activities from the two closest
active faults, namely, Aceh and Seulimeum, can cause
shock effects. Large earthquakes along the two faults
with high intensity can potentially cause liquefaction
in Banda Aceh (Jalil et al., 2020). Rusydy, et al. (2020)
analyzed whether an earthquake with Mw 7.0 can
cause massive structural damage throughout Banda
Aceh; if such an earthquake occurs during the day,
their estimates showed a fatality rate of 3.5%-20%
of the total population in buildings in general and
economic losses reaching thousand million USD.

Cluster Il (Jantho)

Jantho Cluster (Cluster Il) is characterized by
low Vs, and high seismic amplification. The soil and
rocks in this area consist of a variety of sedimentary
and rock structures, such as the Idi Formation (Idi),
Lam Teuba Volcano Formation (QTvt), Seulimeum
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dominant frequency and amplification (A). There is five clusters specifically

Formation (QTps), Jantho Complex Formation
(Tuic), Meucampi Formation (Tim), and Alluvium
Formation. These various formations are due to the
cluster location in the complex of the meeting point
of the Aceh and Seulimeum faults. This cluster’s soil
material has been formed since the Late Jurassic
to the Holocene because it is incorporated in
the Seulawah and Lhoknga—Raba structures. The
amplification value is moderate, while the frequency
is in the low—moderate range. Vs, is low because the
material predominantly contains alluvial sediments
but is denser than the same material in the Banda
Aceh cluster. This cluster is also located in the same
basin as Banda Aceh, and the soil is categorized class
D (Tabel 1). The measurement results in this cluster
prove the existence of the Banda Aceh basin in the
southern part up to the meeting point of the Aceh
and Seulimeum faults.



Cluster Ill (Krueng Raya)

The Krueng Raya cluster is located at the
northernmost part of the Seulimeum fault, close to
the coastline. The area’s rock formation has been
formed since the Pleistocene—Holocene with three
different formations: Young Alluvium (Qh), Lam Teuba
Volcanic (QTvt), and Seulimeum Formation (QTps).
The volcanic rock material in this cluster mainly
influences the surface profile and other eruption
products, such as lahar and pyroclastic flows. The
parameter results indicate that the soil group in this
cluster is class D, given the moderate amplification
value, dominant frequency, and Vs, . In 1936, the
northern part of the Seulimeum fault generated an
earthquake with a magnitude of M 7.0, causing the
collapse and damage of several buildings and leading
to several fatalities in the Lam Teuba district. Thus,
the vulnerability index is moderate, meaning that a
building must match the dominant period (~0.3 s).
Furthermore, the cluster has the exact topographical
contours as the Lhoknga-Lhoong cluster with a dense
rock structure.

Cluster IV (Lhoknga-Lhoong area)

Cluster IV (Lhoknga-Lhoong area) is located
in the western part of the Aceh fault, and the
subsurface sediments in this area contain alluvium
and limestone. The geological formations, such as the
Raba Limestone (Murl), Lhoknga Formation (Mul),
and Peunasu Formation (Tlp), were formed from
the Late Jurassic to the Early Cretaceous. The values
of Vs, suggest that the soil in the Lhoknga-Lhoong
cluster is categorized class E-D, with low—moderate
amplification value, moderate-high dominant
frequency, and low Vs_. The moderate—high value
range is mainly influenced by the density of the
rock structures scattered along the Aceh fault. The
vulnerability index in the Lhoknga-Lhoong cluster
is relatively low because of the linear relationship
between amplification and frequency. Moreover,
an active fault passes through this cluster, and thus,
mitigation measures must be implemented to reduce
destructive effects in the future. No major event
has been recorded in the last 170 years in the Aceh
segment, but major earthquakes remain possible (Ito
etal., 2012).

Cluster V (Seulawah)
The Seulawah cluster is located in the central part
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of Seulimeum is and close to the Seulawah Agam
stratovolcano zone. Most of the rock structures in
Lam Teuba Volcanism (QTvt) contain volcanic rocks,
formed since the Holocene. The dominant parameter
shows high frequency recordings because the rock
material is dense and provides low amplification.
This soil is class C and is allowed for high construction
though other parameters, such as the peak ground
acceleration, or possible earthquake intensity. The
Vs, is also high, indicating that the subsurface soil
properties may support basic construction. This
cluster stands on the active Seulimeum fault that
moves at a ~2 cm/year slip rate and can produce
earthquakes with magnitudes of up to M 7.0. The
Seulimeum earthquake in 1930 inflicted significant
damages and resulted in many fatalities. This
cluster can also be associated with the Seulawah
stratovolcano, reported being active in 1839, 1975,
and 2010. Volcanic tremors can also be triggered by
microseismicity in the central part of the Seulimeum
fault.

The combination of shear wave velocity,
determined by the Spatial Autocorrelation method
and parameters of dominant frequency and seismic
amplification derived from Horizontal-to-Vertical
Ratio, was used to classify the soil properties
beneath the northernmost Sumatra, one of the most
seismically active regions. The clusters classified from
the variation of geophysical data coincide well with
geological properties from previous research and
studies. Five different clusters representing various
types of rocks were classified based on three different
seismic properties recorded from the microtremor
study at 36 points, covering the sedimentary basin,
the active faults, and the Banda Aceh city and its
surroundings. The highly populated Banda Aceh
city (Cluster 1) is among the most vulnerable areas
because it stands on a thick sedimentary basin
characterized by high amplification and low shear
wave velocity. The low-velocity values in Banda Aceh
indicate the soft soil types of rock, as observed by
the previous study using the Cone Penetration Tests.
Therefore, a detailed investigation is required before
constructing large and high-altitude infrastructure in
Banda Aceh. Cluster Il (Jantho) and Ill (Krueng Raya)
are the second most vulnerable areas because the
regions are characterized by moderate shear wave



velocity and seismic amplification and are located
along the Sumatran and the Seulimeum faults,
respectively. The limestone is exposed in Cluster IV,
correlating well to the moderate value of Vs and low
amplification. Although the Seulawah volcanic region
(Cluster V) is categorized by high shear wave velocity,
low frequency and low seismic amplification, it is
also considered a vulnerable area since it is located
along the Seulimeum active fault. The sedimentary
layer between the two active faults is imaged by low
shear wave velocity along the three vertical profiles.
The lateral variation of each geophysical property
was mapped by interpolating the wide distance
data points at the unsampled locations so that the
anomalies between the data points could be missed.
However, the research results provide a good picture
of the regional structure. Acomprehensive study with
denser measurement points for Vs and HVSR needs
to be conducted to better describe the properties of
rocks. The detailed survey and analysis will support
the currently available and less-resolution geological
map of the study area.
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The increase in the number of vehicles has several negative impacts,
including traffic congestion, air pollution, noise levels, and the availability of parking spaces. Drivers
looking for parking spaces can cause traffic jams and air pollution. The solution offered at this time is the
development of a smart parking system to overcome these problems. The smart parking system offers
a parking availability information feature in a parking area to break up congestion in the parking space.
Deep learning is a successful method to solve parking space classification problems. It is known that this
method requires a large computational process. Th aims of this study are to modified the architecture
of Convolutional Neural Networks, part of deep learning to classify parking spaces. Modification of the
Convolutional Neural Networks architecture is assumed to increase the work efficiency of the smart
parking system in processing parking availability information.

Research is focusing on developing parking space classification techniques using camera
sensors due to the rapid advancement of technology and algorithms in computer vision. The input
image has 3x3 dimensions. The first convolution layer accepts the input image and converts it into
56x56 dimensions. The second convolution layer is composed in the same way as the first layer with
dimensions of 25x25. The third convolution layer employs a 3 x 3 filter matrix with padding of up to
15 and converts it into 10x10 dimensions. The fourth layer is composed in the same way as the third
layer, but with the addition of maximum pooling. The software used in the test is Python with a Python
framework.

The proposed architecture is the Efficient Parking Network or EfficientParkingNet. It can be
shown that this architecture is more efficient in classifying parking spaces compared to some other
architectures, such as the mini—Alex Network (mAlexnet) and the Grassmannian Deep Stacking Network
with Illumination Correction (GDSN-IC). EfficientParkingNet has not been able to pass the accuracy of
Yolo Mobile Network (Yolo+MobileNet). Furthermore, Yolo+MobileNet has so many parameters that it
cannot be used on low computing devices. Selection of EfficientParkingNet as a lightweight architecture
tailored to the needs of use. EfficientParkingNet’s lightweight computing architecture can increase the
speed of information on parking availability to users.

EfficientParkingNet is more efficient in determining the availability of parking spaces
compared to mAlexnet, but still cannot match Yolo+MobileNet. Based on the number of parameters,
EfficientParkingNet uses half of the number of parameters of mAlexnet and is much smaller than
Yolo+MobileNet. EfficientParkingNet has an accuracy rate of 98.44% for the National Research Council
parking dataset and higher than other architectures. EfficientParkingNet is suitable for use in parking
systems with low computing devices such as the Raspberry Pi because of the small number of parameters.

©2022 GIESM. All rights reserved.
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Environmental problems often occur in big cities
due to urbanization, such as land insecurity, worsening
water quality, excessive air pollution, noise, and the
problems of waste disposal (Uttara et al., 2012). One
of the factors causing this problem is vehicles. The
increasing number of vehicles can cause air pollution,
noise, lack of parking areas, traffic jams, and increased
fuel use. Vehicle exhaust is the main source of
anthropogenic carbon dioxide (CO,)in the metropolis
that is dangerous to public health (Uttara et al., 2012).
Emissions and the use of vehicle fuels have also
increased (Sukarno et al., 2016). Urban planning used
to solve various problems in big cities by integrating
information technology and communication (ICT) and
the internet of things (loT) technology is called smart
cities. Smart parking systems are part of a smart city.
Smart parking systems can help drivers avoid traffic
jams, use less efficient fuel, avoid vehicle queues, panic,
and minimize pollution. Bura et al. (2018) stated that
30% of traffic jams are caused by drivers searching fora
parking area. Smart parking systems can give direction
to vehicles to parking spaces based on the type of
vehicle, the appropriate rate, and the available space
by selecting the closest route in a short time (Ikhwan
et al., 2017). Based on the technology, smart parking
systems have been developed based on agent-based,
fuzzy systems, wireless sensors, global positioning
systems (GPS) and computer-based (Mahmud et
al., 2013). Much research has been developed to
improve the reliability of smart parking systems. Some
studies related to smart parking systems includes
detection of parking space availability, parking meters,
integrated vehicle development, simulation and
analysis of parking data, and competition in booking
available parking spaces. Most implementations of
smart parking are focused on sensing technology and
mobile application development (Lin et al., 2017). One
smart camera can monitor multiple parking spaces
simultaneously at a lower cost compared to the cost
of installing and maintaining sensors in each parking
space (Amato et al.,, 2017). Detection of parking
spaces’ availability is an important part of a smart
parking system. It can provide information to drivers
in parking spaces about availability for vehicle parking.
Detection of parking spaces by using computer vision
has been widely developed, including the detection of
parking spaces by using image subtraction (Chiang and
Knoblock, 2013), marking in the parking area (Rahman
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et al., 2020a; Zhang et al., 2018), adaptive approach
to space constraint with cube (Masmoudi and Wali,
2019), using feature recognition algorithms such as
deep learning (Amato et al., 2017) and many others.
Deep learning is very effective in solving computer
vision problems. Convolutional Neural Network (CNN)
is a part of deep learning. It is often used to classify
objects in an image (Krizhevsky et al., 2012). Some
researchers have built CNN models to classify objects
in images. CNN model is also known as the pre-trained
CNN. Some well-known and widely developed pre-
trained CNN such as Alexnet (Krizhevsky et al., 2012),
VGGNet (Simonyan and Zisserman, 2014), GoogleNet
(Szegedy et al., 2015), Resnet (He et al, 2016),
MobileNetV2 (Sandler et al., 2018), and ShuffleNet
(Ma et al., 2018), managed to classify objects well.
Pre-trained CNN is designed to classify 1000 objects in
an image dataset with high computational and large
storage space. For fewer class cases, the researchers
exploit CNN, such as transfer learning (Hussain et al.,
2018), fine-tuning or pruning (Li et al., 2016) towards
pre-trained CNNs or creating a new CNN architecture.
The first CNN models developed specifically to identify
parking space availability were mAlexnet and mLenet
(Amato et al., 2016; 2017). mAlexnet and mLenet
are named based on their names, namely Alexnet
(Krizhevsky et al., 2012) and Lenet (LeCun et al., 1998),
which are the prunings of the two architectures.
mAlexnet has a greater level of accuracy than 90% in
classifying PKLot and CNRPark+EXT datasets, and this
is better than mLenet. It is known that mAlexnet and
Alexnet have the same level of accuracy in several
experiments, with a difference of accuracy of 1%
(Amato et al., 2017). However, if it is measured from
the average level of accuracy, mAlexnet is still lower
than Alexnet. Increasing the size of the kernel at the
convolutional layer of mAlexnet (Rahman et al., 2020b)
and the activation function of ReLu to LeakyReLu can
improve the accuracy of mAlexnet (Rahman et al.,
2021) on CNRPark A and CNRPark B data. By increasing
the kernel size, the number of parameters used will
increase. An increasing number of parameters can
cause a time increase in training and testing. In this
case, CNRPark A and CNRPark B are sub-datasets
of CNRPark+EXT. Therefore, an efficient CNN model
needs to be developed to increase the accuracy and
speed of parking space classification. These quantities
are important parts of the smart parking system. In
terms of speed, mAlexnet is better than Alexnet in the



Table 1: The Summary of vision-based methods for parking space classification

Methods Dataset Accuracy References

mAlexnet PKLot and CNRPark >90% Amato et al., 2017
Background subtraction and SVM PKLot and CNRPark Avg Acuracy 96.53% Varghese and Sreelekha, 2019
Yolo and MobileNet CNRPark+EXT 99% Chen et al., 2020

GDSN-IC CNRPark+EXT 97.10% Connie et al., 2021

training and testing process. CNN architecture training
isalarge computational processand cantakealongtime
(de Gusmao et al., 2016). As a result, some researchers
focused on speeding up CNN’s training time (van
Grinsven et al., 2016; Yamanaka et al., 2017; Zhang et
al., 2019). Meanwhile, the speed of testing is needed to
support real-time information systems. mAlexnet has
a speed of 15 seconds in detecting parking spaces on a
real-time camera using a Raspberry Pi 3b. The number
of parameters of mAlexnet is approximately 1/1340
of the total Alexnet parameters, so it can be applied
to low computing devices such as the Raspberry Pi
(Amato et al., 2017). The CNN architecture proposed
in this study is expected to be excellent in accuracy and
speed compared to other architectures that have been
developed in previous research. This architecture is
built by creating a new, better architecture in terms of
accuracy and speed. The dataset used for CNN testing
is CNRPark-EXT taken from 10 different cameras. The
study aims to modify the architecture of Convolutional
Neural Networks, part of deep learning, to classify
parking spaces. Modification of the Convolutional
Neural Networks architecture is assumed to increase
the work efficiency of the smart parking system
in processing parking availability information. This
study is simulated at the Modeling and Simulation
Laboratory, Department of Mathematics, Syiah Kuala
University, Indonesia in 2021.

Many researchers are interested in developing a
parking system that can be managed by using a smart
system. Detection of parking space generally uses
two technologies, namely sensor-based and vision-
based. The development of technology and algorithms
in computer vision has made researchers focus on
developing parking space classification techniques
using camera sensors. Researchers consider the use
of computer vision to be more efficient than using
sensors. A camera can monitor multiple parking spaces
simultaneously. Computer vision-based parking space
detection has been developed using the use of color

histograms and Harris corner detection (True, 2007),
3D parking lot models (Huang et al., 2013), and the
use of background subtraction with a combination
of several classification techniques (del Postigo et al.,
2015; Marmol and Sevillano, 2016), deep learning, and
more. Deep learning becomes one of the solutions used
to solve classification problems in computer vision.
mAlexNet was first used to classify parking spaces by
using CNN (Amato et al., 2017). mAlexnet outperforms
Support Vector Machine (SVM) accuracy-wise (de
Almeida et al., 2015) on PKLot dataset. mAlexnet is
designed for low computing devices by simplifying the
Alexnet architecture. mAlexnet has 45,000 parameters,
which is about 1/1340 parameters of Alexnet, so it can
be run on a Raspberry Pi. However, the accuracy level
of mAlexnet’s for classifying parking spaces needs to
be improved. Recently, several methods have been
developed by researchers to improve the classification
accuracy of mAlexnet. These methods include R-CNN
(Sairam et al., 2020), Bag of Features (Varghese and
Sreelekha, 2019), Yolo+MobileNet (Chen et al., 2020),
and GDSN-IC (Connie et al., 2021), as presented in
Table 1.

Table 1 shows that Yolo+mobilnet succeeded
in increasing the accuracy level in parking space
classification to 99%. However, the number of
parameters used is around 4 million parameters. This is
higher than mAlexnet, which only uses approximately
45,000 parameters. The more parameters used, the
greater the computational process gets. As a result,
it takes time to classify parking spaces. Parking space
classification requires high speed to provide real-time
information to parking users. Fine-tuning is a way
to increase the accuracy of mAlexnet. Fine-tuning
mAlexnet by changing the filter size in the first layer has
succeeded in increasing the level of accuracy (Rahman
et al., 2020b). Furthermore, changing the Relu
activation function to LeakyRelu at each convolution
layer can also increase the accuracy level (Rahman
et al., 2021). Increasing the accuracy level by fine-
tuning mAlexnet has not been optimal. Therefore, an
architecture with a high level of classification accuracy
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Fig. 1: Comparison of the activation function

and a small number of parameters to produce an
efficient architecture is necessary. This study discusses
the architecture in question by combining CNN
parameters such as convolution layer, kernel, padding,
stride, activation function, and fully-connected. Setting
CNN parameters in the right order gives good results
(Skourt et al., 2021).

CNN architecture for parking space classification

The characteristics of an efficient CNN architecture
are balanced convolution on each channel, takes the
cost of convolution groups into account, reduces the
degree of fragmentation, and reduces element-based
operations (Ma et al., 2018). The CNN architecture
for parking space classification developed here is
called EfficientParkingNet. This architecture is the
development of mAlexnet, with added convolution
and LeakyRelu used as an activation function.
Similar to mAlexnet, EfficientParkingNet does not
have branches, it only consists of one channel. In
addition, EfficientParkingNet also has a small degree
of fragmentation so that the processing cost of each
convolution layer is quite low. The use of LeakyRelLu
as an activation function on mAlexnet can increase the
accuracy rate by 0.57% in the CNRPark B subdataset
(Rahman et al., 2021). CNRPark B is a small part of
the CNRPark+EXT dataset (Amato et al., 2017). The
results of the comparison of the activation function on
mAlexnet are presented in Fig. 1. LeakyRelu is a better
activation function compared to other activation
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functions as shown in Fig. 1. Based on the number of
iterations, Leaky Relu managed to get high accuracy.
Leaky Relu succeeded in increasing the accuracy of
mAlexnet starting from the 30th iteration, and the
value continued to increase to 97.70%.
EfficientParkingNet uses LeakyRelu on each
convolution layer. Filter size on each convolution
layer uses a filter matrix of 3 x 3 to reduce the
number of parameters used. EfficientParkingNet
has four convolution layers. This layer is deeper than
mAlexnet, which consists of only three layers. The
EfficientParkingNet architecture is presented in Fig. 2.
The EfficientParkingNet architecture has four
convolution layers as shown in Fig. 2. The input image
with a size of 224 x 224 is entered in the first convolution
layer. In this case, the first convolution layer uses a filter
matrix of 3 x 3, padding 4, and the number of filters 30,
followed by the activation functions LeakyRelu, Local
Response Normalization (LRN), and Maximum Pooling
(MaxPooling) with a filter matrix with padding 2. The
second convolution layer has the same composition
as the first layer. The third convolution layer uses a
filter matrix 3 x 3 with padding of 2 as much as 15,
followed by the LeakyRelu activation function, and
LRN. The fourth layer has the same composition as
the third layer with added MaxPooling. The results
of the fourth layer are sent to fully-connected by the
platten process. The fully connected (FC1) output has
48 classes with a LeakyRelu activation function and
the second fully connected (FC2) has a class binary
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Fig. 2: EfficientParkingNet architecture

output and a softmax activation function. The number
of parameters in the convolution layer is determined
using Eq. 1.
P_C = ((Fsize —N) +1) X N_F, (1)
P_C, F_. N and N_F states the number of
parameters in convolution layer, the filter size used,
the number of channels in the previous layer and
the number of filters. To determine the number of
parameters in the Fully Connected layer, using Eq. 2.
Pre =ClXPl+1 XCl, (2)
Where, P__is the number of parameters in Fully
Connected layer, Cl is the number of output Current
Layer, and Pl is the number of output Previous Layer.
Next, Activation Shape calculated using Eq. 3.

_ W—F+2+P

Where, O W Fp and s represents output
width, tensor size, filtersize, number of padding and
stride value.

Dataset and tools
The EfficientParkingNet architecture was developed
to increase the accuracy of parking space classification

in the CNRPark+EXT dataset. CNRPark+EXT consists
of CNRPark taken from the parking area of CNR
Research in the City of Pisa, Italy. CNRPark consists
of 242 full images and 12,584 image spaces captured
with two cameras, A and B. CNR-EXT consists of 4,081
full images and 144,965 image spaces captured with
nine cameras. CNRPark was taken in sunny weather
conditions, while CNR-EXT was taken in three weather
conditions, namely sunny, rainy and cloudy. In this case,
the entire CNRPark+EXT dataset is cut off and grouped
into two groups, namely free and busy. Busy contains
images of a parking space containing vehicles, and
free contains images of an empty parking space. The
various image sizes were converted to a size of 224 x
224. These images are the input for the Convolutional
neural network to be classified. Testing was carried
out on mAlexnet using the CNRPark+EXT and PKLot
datasets. mAlexnet succeeded in classifying the PKLot
dataset with an accuracy rate of 99% with an average
accuracy rate of 96.77%, for the CNRPark+EXT dataset
the accuracy rate reached 97.71%, and the average
accuracy rate was 95.70% (Amato et al., 2017). With
the CNRPark+EXT dataset has bigger resistance than
PKLot in parking space classification. The CNRPark+EXT
dataset, mAlexnet has succeeded in detecting parking
spaces with a low level of accuracy. Classification of
CNRPark+EXT dataset becomes the focus of this study.
Therefore, EfficientParkingNet is focused on increasing
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Table 2: Dataset details used as training and test data

Subset Empty slots Filled slots Total
CNRPark A 2549 3622 6171
CNRPark B 1632 4781 6413
CNRPark 4181 8403 12584
CNRPark-EXT Train 46877 47616 94493
CNRPark-EXT Train C1 C8 21769 16784 38553
CNRPark-EXT Test 13589 18276 31825
CNRPark+EXT 65658 79307 144965

the accuracy level for tCNRPark+EXT dataset with fewer
parameters than mAlexnet. The dataset sharing scheme
for training and testing is the same as mAlexnet. In this
case the test is added by dividing the CNRPark+EXT
data into 2 (two) parts, namely 80% for training and
20% for randomly selected tests. Details of the data
used are presented in Table 2. Testing is done by using a
computer with the following specifications: 4 GigaByte
RAM, Processor Intel(R) core i3-2120 @3.30GHz
3.30GHz, 64-bit operating system. The software used in
the test is python with a Python framework.

The CNRPark+EXT dataset as test data is used
to compare the performance of EfficientParkingNet
to mAlexnet. The tests were carried out based on
mAlexnet test scheme. In this case, 3 (three) test
schemes were carried out, namely CNRPark, CNRPark-
EXT Train C1-C8, and CNRPark+EXT Train as training
data. Each test schema uses CNRPark_EXT TEST as test
data. The test results are presented in Table 3.

Based on Table 3, it can be seen that
EfficientParkingNet’s accuracy level is better than
each test scheme. EfficientParkingNet is better in
the CNRPark dataset by 0.35%,CNRPark+EXT TRAIN
C1-C8 excels by 0.97%, and CNRPark+EXT TRAIN
is the best by 0.84%. The average accuracy rate of
mAlexnet is 95.70% and EfficientParkingNet is 96.42%.
EfficientParkingNet’s accuracy level is higher with
an average of 0.72% compared to mAlexnet’s. The
low accuracy level is caused by differences between
training and the test data, called overfitting or the
training data, it does not represent all the underfitting
test data (Gavrilov et al., 2018). The first test with
CNRPark training data and CNRPark-EXT TEST test data
shows a low accuracy rate of 93.87%. It is because
the training data does not represent the features in
the test data. CNRPark was taken from two cameras,
namely A and B in sunny weather while CNRPark-EXT
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TEST was taken from 10 different cameras which were
collected randomly under various weather conditions.
The difference in weather, location and less training
data compared to test data cause overfitting and
underfitting. Overfitting and underfitting cause a lower
level of validation accuracy in training. This happened
in the first test scheme. The comparison results of the
training accuracy level and validation accuracy level
are presented in Fig. 3.

Based on Fig. 3, it can be seen that there is a
difference in accuracy level between training and
validation. EffecientParkingNet can study the training
dataset, but it cannot recognize the dataset in the
test. It is because the difference in features between
the training and the test data or the training data does
not represent the test data. Hence, designing the
dataset is needed to represent all the locations and
cameras contained in the CNRPark+EXT dataset. In
the implementation of a parking area, an application
must be able to classify parking spaces simultaneously.
Splitting datasets and training sub-datasets to
recognize other sub-datasets is not a solution at the
same time. In this study, all the CNRPark+EXT datasets
are used and divided randomly. They are 80% for
training data and 20% for validation test data. The use
of all data is expected to represent the actual state of
the parking system in real-time. The test results for the
dataset are presented in Table 4.

Based on Table 3, it can be seen that mAlexnet has
a better ability to recognize the CNRPark+EXT train
dataset compared to other datasets. Furthermore,
based on Table 4, the accuracy rate of mAlexnet
reaches 98.13% in classifying the CNRPark+EXT dataset.
EfficientParkingNet has an accuracy rate of 98.44% or
0.31%. It is better than mAlexnet. Some tests show
that EffecientParkingNet is better than mAlexnet.
Besides mAlexnet, the results of EfficientParkingNet
are also compared with previous studies based on the
data used. The results of the comparison of several



Tabel 3: Comparison of mAlexnet accuracy and EfficientParkingNet

Accuracy rate

Data train

mAlexnet EfficientParkingNet
CNRPark 93.52% 93.87%
CNRPark +EXT TRAIN C1-C8 95.88% 96.85%
CNRPark +EXT TRAIN 97.70% 98.54%
Average 95.70% 96.42%
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Fig. 3: Training accuracy rate with validation

methods for classifying CNRPark+EXT TEST with
CNRPark_EXT TRAIN C1-C8 training data are presented
in Table 5.

Based on Table 5, it can be seen that the accuracy
level of EffecientParkingNet is better than the two
previous studies which classified the sub dataset of
CNRPark+EXT Test using CNRPark_EXT TRAIN C1-C8
training data. Furthermore, several researchers claim
to have succeeded in increasing the accuracy level with
different testing schemes on the CNRPark+EXT dataset
by using the Yolo+MobileNet method (Chen et al.,
2020) and GDSN-IC (Connie et al., 2021). The results of
the comparison accuracy level of EffecientParking Net
with the results of previous studies are in Table 6.

Based on Table 6, it can be seen that
EfficientParkingNet is better than mAlexnet and
GDSN-IC. Also, it can also be seen that the results
of EfficientParkingNet are close to the results of
Yolo+MobileNet. Yolo+MobileNet has a large number
of parameters, more than 4 million parameters. It
causes a large computational process and takes time.

Therefore, Yolo+MobileNet is not suitable to be used
on low-computing devices such as the Raspberry
Pi. EfficientParkingNet has a number of parameters
of 22.0000 or (half of) the number of parameters of
mAlexnet. EfficientParkingNet is more suitable for use
on low computing devices. The comparison of the
number of parameters is presented in Table 7.

Based on Table 7, it can be seen that
EfficientParkingNet has fewer parameters than
the other two methods. The number of mAlexnet
parameters is 1/1340 of Alexnet parameters (Amato
et al., 2017). The number of parameters of Alexnet is
61 million, so the number of parameters of mAlexnet
is 45,522. By using equation 1 and equation 2, the
number of parameters of mAlexnet is determined to be
32,648 parameters. Tables 8 and 9 show the number of
parameters and activation shapes calculated using Egs.
1 to 3 for mAlexnet, and EfficientParkingNet, either
manually or using Pytorch Code.

Based on Tables 8 and 9, it can be seen that the
number of EfficientParkingNet parameters is less than
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Table 4: Comparison of the accuracy level all data

Methods Accuracy rate
mAlexnet 98.13%
EfficientParkingNet 98.44%

Table 5: Comparison of CNRPark+EXT test classifications

Arsitecture

Accuracy Level

References

mAlexnet 95.88%
background subtraction+SVM 96.59%
EfficientParkingNet 96.85%

Amato et al., 2017
(Varghese and Sreelekha, 2019)
Proposed method

Table 6: Comparison of accuracy of several architectures

Methods Level of accuracy References
mAlexnet 98.13% Amato et al., 2017
Yolo+MobileNet 99% Chen et al., 2020
GDSN-IC 97.10% Connie et al., 2021
EfficientParkingNet 98.44% Proposed method

Table 7: Comparison of the number of parameters

Architecture Parameters
mAlexnet 45K
EfficientParkingNet 22K
Yolo+MobileNet 4M
Table 8: The Number of parameters of mAlexnet

Layers Activation Shape Activation Size Parameters
Input Layer (224,224,3) 150,528 0
Convl (11/4 16) (54,54,16) 46,656 5,824
Pooling (3/2) (26,26,16) 10,816 0
Conv2 (5/2 20) (22,22,20) 9,680 8,020
Pooling (3/2) (10,10,20) 2,000 0
Conv3(3/2 30) (8,8,30) 1,920 5,430
Pooling (3/2) (3,3,30) 270 0
FC1 (48) (48,1) 48 13,230
FC2(2) (2,1) 2 144
Total 32,648

mAlexnet parameters. The number of parameters
for mAlexnet is 33,000, and for EfficientParkingNet
is about 22,000. These parameters determine the
file size for each architecture. The smaller the file
size, the more efficient the storage space, especially
on embedded system devices. Table 10 presents the
experimental results of the relationship between the
number of parameters and file size.
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Table 10 shows that the file size of Efficient-
ParkingNet is smaller than mAlexnet. Based on the
calculation results, EfficientParkingNet has a better
accuracy level, a smaller number of parameters,
and a smaller file size compared to mAlexnet.
Therefore, EfficientParkingNet is suitable to be
used on low computing devices and embedded
systems.



Table 9: The Number of parameters of EfficientParkingNet

Layers Activation Shape Activation Size Parameters
Input Layer (224,224,3) 150,528 0
Conv1 (3/4 30) (56,56,30) 94,080 840
Pooling (3/2) (27,27,30) 21,870 0
Conv2 (3/2 30) (25,25,30) 18,750 8,130
Pooling (3/2) (12,12,30) 4,320 0
Conv3 (3/2 15) (10,10,15) 1,500 4,065
Conv4 (3/2 15) (8,8,15) 960 2,040
Pooling (3/2) (3,3,15) 135 0
FC1 (48) (48,1) 48 6,615
FC2(2) (2,1) 2 144
Total 21,834
Table 10: Comparison of parameters and file size
Architecture Parameters File Size
mAlexnet 33K 133K
EfficientParkingNet 22K 90K

The increased number of vehicles resulted in traffic
congestion and pollution. As much as 30% of traffic
jams are caused by drivers searching for a parking area.
Smart parking systems can direct vehicles to parking
spaces based on the type of vehicle, the appropriate
rate, and the available space by taking the shortest
route. A CNN architecture used to detect parking space
named EfficientParkingNet has been developed. It is
a “small architecture” which is a development of the
mAlexnet architecture, with four layers of convolution
and LeakyRelu as an activation function. The low level
of accuracy is caused by overfitting. Accuracy is also
reduced if the training data does not represent all
of the underfitting test data, which is caused by the
difference between the training data and the test data.
Modifications were also made to the distribution of
training data and test data. The first test, which used
CNRPark training data and CNRPark-EXT TEST test data,
yielded a low accuracy rate of 93.87%. This is due to the
fact that the training data does not accurately represent
the features in the test data. EffecientParkingNet can
analyze the training dataset but not recognize it in the
dataset test. In this study, all CNRPark+EXT datasets
are used and divided at random, with 80% used for
training and 20% used for testing. The use of all data
is expected to represent the real-time state of the
parking system. An increase in the accuracy level
of EfficientParkingNet has been seen, bringing it to
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98.44%, higher than the accuracy level of mAlexnet.
According to recent research, different Yolo+MobileNet
testing schemes have been successful in increasing
accuracy. Background subtraction plus SYM and GDSN-
IC equals Yolo+MobileNet accuracy level. It can also be
seen that the results of EfficientParkingNet are close
to the results of Yolo+MobileNet. Yolo+MobileNet has
a large number of parameters, more than 4 million
parameters. It causes a large computational process.
Therefore, Yolo+MobileNet is not suitable to be used
on low-computing devices such as the Raspberry Pi.
The number of parameters in EfficientParkingNet
architectureis 22,000 parameters, or 2/3 of the number
of mAlexnet parameters and 1/182 of Yolo+MobileNet
parameters. Therefore, EfficientParkingNet is suitable
to be used on low computing devices such as the
Raspberry Pi. It has an impact on the reduction of
implementation costs.
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During the Coronavirus disease 2019 pandemic, an effective
and efficient medical waste management plan is required to prevent disease transmission from
the Coronavirus disease 2019 viral solid wastes. Screening stations are critical locations where
solid Coronavirus disease 2019 wastes are created. Solid trash collection and management
strategies for screening stations must be studied as they are the first point of origin for solid
Coronavirus disease 2019 wastes. The goal of this study is to evaluate the level of healthcare
workers” knowledge in the medical waste management field in Jordanian Coronavirus disease
2019 screening stations, with an emphasis on understanding and implementing Jordanian
medical waste management protocols, by examining the awareness, perspective, and practice
about the many aspects of Coronavirus disease 2019 wastes.

A study sample (n = 78) involving technicians, nurses, and physicians working at

various screening stations in Jordan’s public and private sectors was evaluated. From April
2021 to September 2021, a cross-sectional survey involving questionnaires was carried out.
The survey included questions on medical waste management knowledge and awareness
among healthcare personnel regarding the Coronavirus 2019 medical waste administrative and
collection procedures.
There are various limitations to this cross-sectional study that should be noted. This is a study
conducted among health care employees when an overwhelming amount of coronavirus
disease cases were being recorded locally and worldwide, affecting transportation ability and
minimizing time spent with screening station personnel.

The outcomes of the first module of the questionnaire revealed a high degree of
medical waste management knowledge and awareness among healthcare staff. On the other
hand, nurses demonstrated the highest awareness and application of COVID-19 medical waste
administrative procedures. Furthermore, the results of the third module revealed that the
private sector fails to successfully execute national and international procedures, with the most
significant negative responses among other categories.

It was concluded that Jordan’s solid waste collection and disposal methods were
effectively implemented, which might aid in the virus eradication. Even though most Jordanian
screening stations have effectively implemented knowledge and awareness regarding solid
Coronavirus disease 2019 wastes management practices, there is a need to undertake periodic
training and continuous monitoring with a specific focus on the appropriate administrative and
collecting processes for both technicians, and private sector stations.
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In recent years, public awareness of medical waste
management has increased worldwide (Mihai, 2020).
Medical waste includes any solid, liquid, or gaseous
substance produced by healthcare institutions such as
hospitals, medical centers, dental clinics, and medical
labs. Before adopting medical waste management
rules, medical waste was commonly combined with
other municipal wastes and deposited in household
trash cans, and inadequate treatment techniques were
used (llyas et al.,, 2020). There are two categories of
medical waste: normal non-risk trash and hazardous
waste. The healthcare sector produces 75—-90% of non-
risk or general healthcare waste (Priss et al., 2014).
The World Health Organization (WHO) and the United
States Environmental Protection Agency (USEPA)
classify the remaining 10-25% of healthcare waste as
hazardous or particular waste (Priss et al, 2014).
According to the WHO, healthcare waste should be
treated as special waste and kept apart from regular
garbage. Medical waste could include highly infectious
pathological and anatomical waste, genotoxic waste,
sharp waste, chemical waste, pharmacological waste,
radioactive waste, waste with high heavy metal
content, and general healthcare waste, the majority of
which are toxic, harmful, or infectious. Despite their
small number, contagious and highly infectious medical
waste, such as dirty needles and other sharps, can
transfer diseases to healthy people. If medical waste
management is not correctly done, all the rubbish
might become infectious and dangerous (LaGrega et
al., 2015). Hazardous chemical wastes can pollute the
environment (water, air, and soil), emit unpleasant
odors, and spread diseases like cholera, human
immunodeficiency virus (HIV), and hepatitis B and C
(Babanyara et al., 2013). According to WHO estimates,
injection with contaminated syringes caused 21 million
hepatitis B infections, 2 million hepatitis C infections,
and 260,000 HIV infections in 2000 (Shinee et al.,
2008). Because of these hazards, determining
acceptable procedures for the safe treatment of
medical waste is critical to preserving human health
and the environment. The emergence of the
Coronavirus disease 2019 (COVID-19) has resulted in
an increase in the medical waste throughout the world
as well as amounts of household hazardous and plastic
trash, suggesting a critical need for proper waste
management, which is often overlooked (Sarkodie and
Owusu, 2020; Prata et al., 2020). The increased use of
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personal protection equipment (PPE) has been linked
to a considerable rise in pollution load, which has been
responded to by different community-based preventive
policies and measures (Haque et al., 2021). A good
medical waste management system should consider
clinical waste generation and disposal options, efficient
segregation, handling, storage, safe transportation and
treatment, improved monitoring and tracking
techniques, emergency plans, and the need for staff
training and awareness programs to manage medical
wastes effectively. A professional should oversee the
medical waste management system to verify that the
management plan’s criteria are followed (Neumeyer et
al., 2020). The epidemic has altered the dynamics of
trash creation, posing challenges for governments and
waste management personnel (Sharma et al., 2020;
Agamuthu and Barasarathi, 2020). During an outbreak,
various forms of healthcare and hazardous waste are
produced, such as contaminated masks, gloves, and
more non-infected goods of the same nature (UNEP,
2020). A record amount of healthcare waste has been
documented as a result of the large epidemic; on the
other hand, because of many lockdowns throughout
the epidemic, air quality was improved, which is seen
as a beneficial influence (Isaifan, 2020). The COVID-19
outbreak in China is believed to be increasing
healthcare waste from personal protective equipment
such as gloves, face masks, and safety goggles due to
an increase in personal protective equipment and
quick disposal after use. Due to the massive increase in
daily waste (over 240 metric tons) and a six-fold
increase in hospital discharge trash, the influx of
COVID-19 patients allegedly led to the construction of
garbage plants and the deployment of 46 mobile waste
treatment facilities in China (Sarkodie and Owusu,
2020; Filimonau, 2021). The WHO and the United
Nations (UN) Model Regulations categorized COVID-
19’s medical waste as Category B, which refers to an
infectious particle that is not capable of producing
serious sickness, life-threatening, or dangerous disease
in otherwise healthy animals or people when exposed
to it (Gao et al., 2020). Waste is mostly disposed of at
hazardous waste dumps in third-world countries,
which are regularly frequented by “rag-pickers” with
no PPE, which can spread the infection and make
contact tracing difficult (Tripathi et al, 2020). As a
result, prospective policy responses, and other
approaches to trash collection and disposal locations
are required for creating strong adaptation and



management of waste disposal amounts produced by
various healthcare and home units in this area of the
world (Ramteke and Sahu, 2020). On the other hand,
governments have recognized the significance of solid
waste management during the disease epidemic in
developed countries and have developed various
strategies to address the problem. For example, to
ease the pressure on the local garbage system
throughout this epidemic, residents in Austria are
being advised to reduce disposal creation and separate
waste as much as possible. The British government has
released COVID-19 regulatory policy statements for
municipal governments and waste collectors. These
recommendations focus on prioritizing waste flow,
increasing temporary storage capacity, proper disposal,
modifying the solid waste incinerator to treat COVID-19
hazardous waste, and communicating with
communities (Kulkarni and Anantharama, 2020).
Following the COVID-19 epidemic, updated waste
management requirements were implemented
globally (Kulkarni, 2020). For example, according to the
amended Italian standards, the municipal waste
streams generated by houses must be classified into
two major groups. One group is waste produced by
COVID-19 confirmed cases in mandatory quarantine,
while the second is waste generated by residences
without COVID-19 confirmed persons. First group trash
is typically processed by a small number of companies
who gather it using standardized containers and
adequate sterilization. Those waste standards
encourage waste disposal in a double-layer container
instead of segregation at the site of the confirmed
COVID-19 cases. Furthermore, the second category of
waste is being gathered in a different collecting system.
Sheets, masks, and disposable gloves should be
included in the residual waste stream and transported
in double-sealed bags (Singh et al, 2022). The
Jordanian Minister of Health adopted local medical
waste management legislation in October 2001. The
goal of these rules is to keep medical waste
management and disposal under control. The critical
criteria defined by these regulations are categorizing
medical wastes and managing medical wastes inside
the healthcare institution. This domain includes
medical wastes, separation, collection, storage,
transportation, and disposal (JMWMRA, 2001). These
instructions describe medical waste as well as the
scope of each instruction. According to their
classification, the instruction regulates all stages of

proper and safe handling of medical wastes from
generation to color-coded plastic bags and containers,
packing, storing, transporting, and treatment, either
by incineration or using alternative environmentally
friendly techniques like autoclaving or microwaving.
These guidelines establish criteria that all healthcare
waste producers must follow to protect public health.
Community protection against COVID-19 infection is a
top concern for Jordan’s government. As a result,
medical waste and ordinary garbage from labs, health
institutions, quarantine, and isolation centers run the
danger of harboring germs that might infect the
general population if not correctly disposed of. If the
infectious microbe is not effectively confined within
the laboratory or if accidents or emergencies occur,
then the infected microorganism may be released into
the environment. Medical laboratories, quarantine
and isolation units, and inspection stations will be
obligated to follow specific processes, emphasizing the
proper waste management of hazardous substances,
sample transport protocols, and workers washing
before leaving the workplace and returning to their
communities. The Environmental Health Department
of the Ministry of Health (MOH) examines each
healthcare facility’s medical waste management and
disposal systems to check if they meet the World Bank
Group’s standards and the current WHO COVID-19
regulations. Where these processes are not being
implemented inside a healthcare facility, the MOH
ensures that any necessary technical support or tools
will be provided (JMWMRA, 2021). Severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2),
specimens are collected from potential COVID-19
patients by swabbing the upper or lower respiratory
tract as an initial diagnostic technique. Upper
respiratory tract, including nasopharyngeal samples
are recommended for most patients while lower
respiratory tract samples such as sputum, endotracheal
aspirate,and bronchoalveolar lavage arerecommended
for special clinical circumstances (NCoV-2019, 2019).
COVID-19 specimens must be placed into a sterile
transport tube containing a viral transport medium as
soon as feasible. Good quality diagnostic samples are
essential for accurate screening and future study.
Therefore, specimens should be obtained by
competent professionals. All respiratory specimens
should be labeled appropriately and transferred to the
laboratory within three days of the collection while
remaining at a low temperature (Gao et al., 2020; Abu-
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Fig. 1: Geographic location of the study area in the Jordan’s central and northern regions in Amman, Zarqga, and Irbid of Jordan

Qdais et al., 2020). Given the severe danger of
COVID-19 samples, they must be tested immediately,
and it is strongly recommended that the samples
collectors contact the medical laboratory or recipients
before submitting the specimens, along with a request
form, to guarantee correct and efficient handling and
treatment (CDC, 2021). The purpose of this study is to
assess COVID-19 medical waste knowledge and
management in Jordanian screening stations, with a
particular focus on understanding and implementing
the critical steps of medical waste management. These
steps are well-defined and conveyed to technicians,
physicians, and nurses who work with patients, medical
equipment, and medical waste. This study also
intended to verify the knowledge of ostensibly highly
skilled medical staff and observe the waste data
collection stage (the first stage of waste handling). The
survey results will be used to analyze and evaluate the
efficiency of medical waste treatment management.
Any breach or misinterpretation of these rules and
regulations is likely to cause significant issues, such as
disease transmission between people and the
discharge of dangerous substances into the
environment. Furthermore, no significant variations in
the answers to the staff of the participating sites are
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predicted. The objective of this study is to evaluate the
level of healthcare workers’ knowledge in the medical
waste management field in Jordanian Coronavirus
disease 2019 screening stations. This study was carried
out at COVID-19 screening stations located in the
Jordanian governorates of Amman, Zarqa, and Irbid
from April 2021 to September 2021.

The current investigation was carried out in
governorates throughout Jordan’s central and northern
regions. Three governorates were chosen from the
total of twelve governorates, namely Amman, Zarqa,
and Irbid, and a cross-sectional survey was undertaken
to collect data for the current study (Fig. 1). Given that
these governorates are hosting about 60% of Jordan’s
total COVID-19 screening sites (JHC, 2021). The work
title distribution of the total healthcare employees at
screening station facilities in Jordan is as follows: 60%
technicians, 25% nurses, and the remaining amount
represents physicians. There are two healthcare
workers; one of them is working on the patient’s data
entry process (outside the screening station), and the
other worker is taking COVID-19 swaps within the
screening station. In the selected screening stations,



interviews were performed and a survey was conducted
to evaluate the degree of awareness, knowledge,
and implementation of Jordanians’ medical waste
management protocols amongst healthcare staff such
as physicians, nurses, and laboratory technicians.

The participants’ responses were gathered using
a designed questionnaire containing closed-ended
questions with meticulous consideration to the
WHO’s 2020 medical waste management regulations
and implemented by Jordan’s MOH (JMWMRA,
2021). The questionnaire includes information about
different variables such as age, gender, education
level, job title, smoking, and other details about
medical waste handling, awareness, knowledge,
and implementation. The data collection tools were
created in English and then translated into Arabic.
Jordan has about 150 government-run screening
facilities and 59 privately run screening stations
(JPSSSC, 2021; JHC, 2021). A total of 78 workers from
the collecting station sample were chosen randomly to
complete the survey (41 males and 37 females, with
average age 32.4 years t 7.5) and 45 government-
run and 33 privately run screening stations (20

doctors, 21 nurses, and 37 technicians). Participants
in the study were guaranteed of their anonymity and
confidentiality. The questionnaire was subdivided into
three modules to gather information on various areas
of medical waste management. The first module was
created to determine the level of COVID-19 knowledge
and awareness among healthcare personnel (Table
1). The COVID-19 medical waste administrative
procedures (Table 2) focused on the second module,
which examined knowledge and implementation. The
third module addressed the COVID-19 medical waste
collection procedures (Table 3). Responses were given
in five different levels and divided into two levels
of positive responses (“Very high” and “high”) and
three levels of negative responses (“Good,” Fair,” and
“Poor.”). Positive responses suggest that the person
has a high level of knowledge and application of the
subject of this topic, while negative responses indicate
the reverse (Dell-Kuster et al., 2014).

Data from cross-sectional surveys conducted via
interviews at selected COVID-19 screening sites have
been entered utilizing the IBM Statistical Package for
the Social Sciences (SPSS) version 25.0. IBM SPSS was

Table 1: COVID-19 awareness and knowledge among healthcare workers

No. Question

Identify your level of hygiene awareness.

U~ W N

Identify your level of awareness of getting infected of COVID-19.

Identify your level of commitment to wearing gloves, mask, shield, and coat at the workplace.
Identify your level of commitment to wearing gloves and mask out of the workplace.
Identify your level of confidence about the safety and effectiveness of the COVID-19 vaccine.

After you started working at a COVID-19 screening facility, did you get infected by COVID-19?

Table 2: COVID-19 medical waste administrative processes: Healthcare workers’ understanding and implementation inside COVID-19
screening stations Table 3: Healthcare workers’ knowledge and implementation of COVID-19 medical waste collection protocols inside
COVID-19 screening stations

No. Question
1 Level of hygiene awareness
2 Speed of screening tests
3 Having warning signs that clarify the hazards of COVID-19 medical wastes
4 Having a clear plan in case there is COVID-19 medical waste emergency pollution
5 Giving periodic training that clarifies the importance of managing COVID-19 wastes
6 Having a fixed schedule for COVID-19 waste removal
7 Having labeled and color-coded containers that identify the content of each container
8 Having a clear and daily record that shows the amount and type of COVID-19 wastes
9 Does your department have spare containers in case the main containers are full?
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Table 3: Healthcare workers’ knowledge and implementation of COVID-19 medical waste collection protocols inside COVID-19 screening
stations

No. Question

COVID-19 wastes are treated appropriately

o A W N

The containers are sterilized after waste transportation

Following national and international protocols of separating and managing COVID-19 wastes

A qualified person with the appropriate outfit takes COVID-19 wastes out of your faculty
COVID-19 wastes are collected in separate bags based on waste color codes and labels
The availability of specific bags and collecting tools at your department

used to evaluate the data acquired for item analysis,
validity, and reliability of the produced instrument.
Descriptive statistics were used to calculate
frequency, percentage, average, and variance for
study participants’ general characteristics. The study’s
findings were presented in the form of figures and texts
as needed. Internal consistency reliability (Cronbach’s
alpha coefficient) was used to verify the uniformity of
questions in this study. Linear regression, multinomial
logistic regression (Taber, 2017), and the analysis of
variance (ANOVA) were conducted to evaluate the
differences between groups. The significance level was
set at p £0.05.

Thereliability statistics for each of the three modules
and on the overall questionnaire are discussed as; The
first module’s Cronbach’s alpha coefficient is 0.797
with a Guttman split-half coefficient of 0.674; The
second module’s Cronbach’s alpha coefficient is 0.797
with a Guttman split-half coefficient of 0.68; The third
module’s Cronbach’s alpha coefficient is 0.877 with a
Guttman split-half coefficient of 0.788, specifying that
the subscale has adequate inter-term reliability; and
the entire questionnaire’s Cronbach’s alpha coefficient
is 0.895 with a Guttman split-half coefficient is 0.831,
indicating that the subscale has sufficient inter-term
reliability. Further analysis revealed that removing
any of the items would not significantly increase the
alpha level. The questionnaire demonstrates that
99% of participants can recognize more than three
COVID-19 symptoms and characterize more than
three COVID-19 preventative approaches. In addition,
only 5.2% of workers have poor faith in SARS-CoV-2
vaccines, whereas 91% are eager to get vaccinated.
The purpose of the first module was to determine the
level of knowledge and awareness in medical waste
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management among healthcare professionals. Fig. 2
depicts the survey findings of several categories. The
additive positive replies (the sum of positive answers/
the total number of answers) and additive negative
replies (the sum of negative answers/the total number
of answers) are summarized in this graph. Different
categories represent different replies to the survey’s
questions. Doctors and government-run screening
stations had the highest positive value with a positive
average of 0.83 and 0.86, respectively, whereas private
sector screening stations had the lowest positive
value with an average of 0.78. Nurses and laboratory
technicians also showed a lack of personal awareness
among other job titles. Nurses and private-sector
screening station personnel, in particular, were less
likely to commit to wearing gloves and masks outside
of the workplace, with p-values of 0.024 and 0.043,
respectively. Furthermore, doctors had the highest
level of hygiene awareness (p-value 0.042). A five-
point Likert scale was used to evaluate module 1, the
outcomes were highly satisfying, with a scale value of
4.23 (Lange et al., 2020).

The additive sums of the second module, which
focused on COVID-19 medical waste administrative
procedures, are shown in Fig. 3.

The results demonstrate that most categories have
negative additive sums of answers with a value of 0.27
or greater, with the highest negative averages found for
males, technicians, and among doctors. Government-
run and private sector stations have nearly identical
negative averages of 0.3 and 0.31, respectively.
However, multinomial logistic regression (Petrucci,
2009) revealed that government-run screening stations
were 2.36 times more likely to have a clear plan in the
event of COVID-19 medical waste emergency pollution
(p-value 0.044) and were more prepared if the main
containers were full by providing spare containers



(p-value 0.001). On the other hand, nurses have the
highest rate of correctly applying COVID-19 medical
waste administrative procedures, with an average of
0.73. Moreover, they were more confident than other
healthcare personnel in performing nasal swaps (the
fastest speed of test) with p-value 0.031. Besides, a
value of 3.86 on a five-point Likert scale indicates that
module 2 overall performance was satisfactory. Fig.
4 depicts the results of the additive sums of answers
in the third module, which examines knowledge and
application of COVID-19 medical waste collection
measures. Males have a lower understanding of waste
management methods than females. Furthermore,
the private sector fails to execute national and
international protocols properly, with a negative
average of more than 40%. Nurses, unlike the first
and second modules, had the highest positive average
of 0.69. Further analysis showed that government-
run screening stations employers outperformed
private-run screening stations employers in terms of
adhering to national and international procedures for
separating and handling COVID-19 wastes (p-value
0.028). Females, on the other hand, treated waste
better than males (p-value 0.045). Finally, nurses
were more concerned with ensuring that containers
were sterilized following the waste collection process
(p-value 0.023). As expected, the third module has the

lowest Likert scale value of 3.8.

The analysis also showed that modules 3 and 2
have a significant positive correlation (R-value = 0.66,
p-value < 0.001). However, modules 1 and 3 have weak
significant association (p-value = 0.24 and p-value <
0.004, respectively). Finally, between the second and
first modules, there is a significant positive correlation
(R-value = 0.31, p-value < 0.001). The findings of this
investigation revealed that there are no significant
medical waste management shortages at the screening
stations. Although the results of government screening
stationsinJordan are betterthan those of private-sector
screening stations, which require more attention to
improve their performance, this is not to say that these
hospitals are entirely following the proper and most
acceptable medical waste administrative processes
and collecting practices. The medical team should be
well competent and adequately trained in this field
due to the importance and danger of medicinal wastes
on both humans and the environment. Figs. 2—4
illustrate that doctors and nurses are the most likely
healthcare workers to correctly follow administrative
and collection rules. Furthermore, because they have
noticed hazardous or unpleasant habits and practices
in the collection of medical wastes within screening
stations, technicians must pay closer attention to
national and international waste management rules.
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Fig. 2: Module 1 additive sums of positive answers (blue) and negative answers (orange)
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Further investigation shows that 46% of participants
did not get infected with COVID-19 after they started
working in screening stations. After starting working,
the average time to get infected is 3.9 months,
indicating that most of the staff are applying module 1
correctly. The findings are analyzed and compared with
many categories like gender, job title, employer, age,
and smoking status via a one-way ANOVA. In the first
module, there were no significant differences in any of
the category responses. Furthermore, in the module 2
questions, there are no significant differences between
the different groups. When the replies to the job title
and employer categories are examined in the third
modaule, no significant difference appears in the areas
mentioned above as shown in Figs. 2 and 3. The current
study found that healthcare practitioners had a high
degree of knowledge regarding COVID-19. The average
percentage of positive answers was 81.9 %. This is
consistent with research undertaken in Egypt, Pakistan,
and China (Abdel Wahed et al., 2020; Saglain et al.,
2020; Zhang et al., 2020). Furthermore, a study found
that the effect of one’s family and society improved the
degree of awareness of healthcare personnel (Nabe-
Nielsen et al., 2021). Regardless of their profession,
the participants in this research had a decent
knowledge, particularly about COVID-19 disease
prevention methods. With an emphasis on the correct
belief that personal hygiene may prevent infection,
which was prevalent among physicians, practically
all healthcare workers were aware of the proper
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infection control procedures, which conforms with
research from Bangalore and Egypt (Elgibaly et al.,
2021). The findings of this investigation demonstrated
a very high degree of trust in COVID-19 vaccinations,
which is consistent with other study (Shrestha et
al., 2021). In contrast, research showed that Iran,
Japan, and the United States revealed a low degree
of trust in COVID-19 vaccines (Wong et al., 2021;
Hou et al., 2021). Additionally, a survey found that
68% of healthcare professionals acknowledged that
proper segregation is the most critical stage in waste
management, and 82 % of participants working in
this setup were familiar with the various color-coded
containers used for medical waste separation (llyas
et al., 2020). Another study showed that the majority
of healthcare workers 79.3% were consistently
implemented the MOH recommendations for medical
waste management, and 69.1% of healthcare workers
categorized the color-coded containers used for
medical waste disposal according to the kind of waste.
While treating COVID-19 patients, about 76.6 % of
healthcare personnel always followed infection control
procedures (Jalal et al., 2021). In this study, most of the
participatinghealthcare workers(88.3 %) demonstrated
a high level of awareness inside screening facilities and
adhered to infection control policies while taking nasal
swaps from COVID-19 patients. Additionally, 73.1% of
screening station workers were able to recognize the
labeled and color-coded containers used to identify
each container’s content. The availability of spare
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containers at screening stations was rated positively
by 93.6 % of healthcare workers. Unfortunately, only
48.7% of Jordanian healthcare workers at COVID-19
screening stations received periodic medical waste
management training; as a result, policymakers must
devote more time and effort to providing health
workers with appropriate training. The survey findings
also revealed that 69.2 % of healthcare personnel
followed local and international (WHO) guidelines for
separating and treating COVID-19 wastes, which is
greater than the positive response in other countries
such as Vietnam and Bangladesh (Tien et al., 2021).
A research conducted in Alahsa on the attitudes
of healthcare workers toward correctly managing
COVID-19 medical wastes revealed that most
healthcare professionals agreed that medical wastes
must be appropriately handled and that management
needs collaboration (Jalal et al., 2021). However, in
this study, only 65.4 % of healthcare workers handled
COVID 19 medical waste appropriately, which is lower
than the proportion of healthcare professionals in
Alahsa, Saudi Arabia. Overall, this study found that
Jordanian healthcare workers at COVID-19 screening
stations demonstrated a high level of knowledge and
practice when compared to medical waste treatment
guidelines in many countries with emerging and
developing economies, which are poorly regulated
and frequently disregard WHO recommendation for
adequate medical waste treatment (Singh et al., 2021).
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This study reports the results of a survey of
personnel in several COVID-19 screening sites located
across Jordan. The key criteria listed in the WHO and
MOH rules released following the epidemic were
covered in this study. These requirements include
healthcare personnel’s expertise and awareness,
administrative processes, and collecting techniques.
The research survey focused on personal medical
waste knowledge and awareness, medical waste
administrative procedures which were applied by the
healthcare workers inside COVID-19 screening stations,
and applying national and international COVID-19
medical waste administrative and collection standards
inside COVID-19 screening sites. According to the
study, 99 % can identify more than three COVID-19
symptoms and define more than three COVID-19
preventative procedures. Furthermore, 5.2 % have
little confidence in SARS-CoV-2 vaccinations, whereas
91% are ready to be immunized. For the first module, all
categories provided highly satisfactory responses, but
the private sector screening stations, females, nurses,
and laboratory technicians, among others, showed a
lack of personal awareness. The results of the second
module revealed that the majority of categories have
unfavorable responses in terms of awareness and
application of COVID-19 medical waste administrative
processes inside screening stations. However, the
overall performance of the second module was



adequate. The results of the third module, which
examined knowledge and application of COVID-19
medical waste-collecting procedures inside screening
stations by health care workers, revealed that males
have a lower knowledge of waste management
methods than females. Furthermore, the private
sector fails to implement national and international
protocols fully. As a result, Jordan’s medical waste
management system are effective, although it needs
further attention. Although the Jordanian government
is paying close attention to this issue, some who
work with hazardous waste are ignorant of the actual
implications. Furthermore, the management of these
institutions should pay greater attention to how
medical waste is treated and disposed of at all levels.
More thorough studies will be necessary in the future.
This study did not calculate the quantity of medical
waste generated in various medical institutions.
Contaminants of various sorts were not calculated as
well.
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BACKGROUND AND OBIJECTIVES: Fine topographic information is a key input
parameter for a detailed flood simulation and mapping. This study aimed to
compare the accuracy statistics of the flood models developed using the digital
elevation datasets with different resolutions from the light detection and ranging
and interferometric synthetic aperture radar systems.

METHODS: The study applied the Hydrologic Engineering Center-Hydrologic Modeling
System and Hydrologic Engineering Center-River Analysis System models workable
within the geographic information system to simulate and map flood hazards
in Maapag Watershed. The models’ validity and accuracy were tested using the
confusion error matrix, f-measurement, and the root means square error statistics.
FINDINGS: Results show that using the light detection and ranging dataset, the
model is accurate at 88%, 0.61, and 0.41; while using the interferometric synthetic
aperture radar dataset, the model is accurate at 76%, 0.34, 0.53; for the error
matrix, f-measurement, and root mean square error; respectively.

CONCLUSION: The model developed using the light detection and ranging dataset
showed higher accuracy than the model developed using the interferometric
synthetic aperture radar. Nevertheless, the latter can be used for flood simulation
and mapping as an alternative to the former considering the cost of model
implementation and the smaller degree of accuracy residual error. Hence, flood
modelers particularly from local authorities prefer to use coarser datasets to
optimize the budget for flood simulation and mapping undertakings.
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Food hazard research has since been important in
the last two decades and continues to be relevant in
future climate scenarios to develop realistic solutions
to disaster risk problems (Pinos and Quesada-Roman,
2022). For more detailed and accurate outputs,
studies on flood hazards are conducted through
simulations using high-resolution digital elevation
models (DEMs) such as those derived from the light
detection and ranging (LiDAR) and interferometric
synthetic aperture radar (IfSAR) systems. DEM, as
a representation of the natural and man-altered
ground surface, is valid for any three-dimensional
and topographic visualization. It is excellent as an
input dataset in flood modeling and simulation for
risk management strategies (Li et al., 2017; Guidolin
et al., 2016). High-resolution DEM is sought in flood
hazard modeling studies to give a quality result as it
determines specific areas where inundation might
occur in the particular watershed (Alivio et al., 2019;
Hawker et al., 2018). Highly detailed DEMs are the
most preferable datasets in hydrologic modeling
and simulations where accurate flood hazard maps
are sought. Appropriate DEM specification is an
essential factor to enhance flood simulation accuracy
and reliability. Enhanced simulations reliability is
important in generating detailed information that
contributes to the cost-effective approaches in the
reduction and prevention of damages and economic
losses caused by flood hazards (Demir and Kisi,
2016). Two of the fastest-growing remote sensing
technologies that provide satisfactory resolution
DEMs are light detection and ranging (LiDAR) and
interferometric synthetic aperture radar (IfSAR)
(Hawker et al., 2018). LiDAR and the IfSAR systems
offer high-resolution DEMS suitable for developing
hydrologic models with more refined and accurate
model outputs. Theoretically, LiDAR DEM offers
more advantages than IfSAR DEM as it provides a
flood hazard map with more detailed and precise
information. Airborne LiDAR is also an emerging
remote sensing state-of-the-art system design,
technology and application (Li et al., 2020). LiDAR
is capable of providing highly accurate spatial data
and information widely used for hazard assessment,
disaster risk assessment and flood modeling. The
advancement of LiDAR technology systems facilitated
and improved flood applications (Muhadi et al.,
2020). It is the most useful elevation dataset for
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mapping small regions with high accuracy. However,
acquiring LiDAR DEM is costly especially for large-
area applications. Thus, LiDAR data is limited in areas
with wider coverage due to expensive acquisition
operations (Khalid et al., 2016). High acquisition
cost is a hindrance in using LiDAR datasets in some
developing countries (Muhadi et al., 2020). IfSAR,
also termed InSAR, on the other hand, is considered a
relatively cheaper and complementary 3-D mapping
technology with varying applications in many fields
including flood simulations and mapping flood
hazards (Lu et al., 2007). It is more cost-effective
compared to LiDAR and is readily available for use in
flood modeling with quality and accuracy of results
higher than other satellite systems (Gopal, 2010).
Nevertheless, LiDAR is generally the most preferred
technology for deriving DEM despite its high cost
(Hashim et al., 2014). In a disaster-prone country
like the Philippines, billions worth of local funds had
been allocated for research projects on flood hazard
management particularly mapping and monitoring in
some priority river basins using LiDAR technologies.
The project allocated the highest bulk of the cost
for the acquisition of LiDAR datasets (Mateo, 2013;
Ronda, 2013). Meanwhile, the government has also
acquired IfSAR DEM which covers the whole country
(Belen, 2015). The desire for effective flood hazard
maps at the onslaught of disaster in recent years
instigated the use of high-resolution DEMs from
LiDAR and IfSAR technologies for flood modeling and
simulation studies (Talisay et al., 2019). The accuracy
of the results in such studies is generally acceptable
due to the good topographic representation of both
DEMs. However, LiDAR is still more preferred than
other digital elevation datasets as it provides higher
flood simulation accuracy with minimal errors (Ogania
et al., 2019). But still, in any project requirements
and resources, the cost and economic feasibility
perpetually remain the critical factors (Chen and
Hill, 2007). Previous studies on the comparison of
LiDAR and IfSAR datasets on flood simulations focus
only on the predictive accuracy and precision of the
model without expounding the degree of difference
and the economic considerations. The computer
application software used in the study includes the
Hydrologic Engineering Center-Hydrologic Modeling
System (HEC-HMS) and the Hydrologic Engineering
Center-River Analysis System (HEC-RAS) models of
the U.S. Army Corps of Engineers (USACE, 1964).



HEC-HMS and HEC-RAS models are workable
within the geographic information systems (GIS)
environment with HEC-GeoHMS and HEC-GeoRAS
as their geospatial extension, respectively. The
developed cost-sensitive model with acceptable
accuracy performance is essential to enhance the
management capability of pertinent government
and non-government organizations in implementing
the programs and projects regarding urban flood
risk reduction and management both at the national
and local levels. This study aimed to compare the
accuracy statistics of the flood models developed
using the digital elevation datasets with different
resolutions from the light detection and ranging and
interferometric synthetic aperture radar systems.
Furthermore, this study aimed to investigate the
applicability of IfSAR DEM as an alternative to LiDAR
DEM based on the residual error of accuracies of the
two models using the three statistical tests, namely
the confusion error matrix, f-measurement, and the
root mean square error (RMSE). By doing so, this
study generates information helpful in formulating
a science-based and cost-sensitive policy statement
specific to the application of appropriate datasets
for flood simulation and mapping necessary in the
economically-sound implementation of disaster
risk mitigation and management. This study was
conducted in the Maapag Watershed, Valencia City,

Bukidnon, Philippines from 2017 to 2019.

Study watershed

This study covered the Maapag Watershed with
geographical coordinates of 7° 45’ 55.77” to 7° 56’
10.27” north and 125° 4’ 40.03” to 125° 16’ 25.51”
east. The watershed extends at a width of 15 km
and a length of 16.80 km with approximately 251.20
km?. The majority of the watershed area falls under
the jurisdiction of Valencia City, Bukidnon, Mindanao,
Philippines (Fig. 1). Some tributaries, specifically the
southern portion of the watershed, fall within the
Municipality of Quezon, Bukidnon. Maapag Watershed
drains to Mindanao River Basin, the second largest
river basin in the country. The vast expanse of the
Maapag floodplain is dominantly cultivated for rice
production and for settlement areas that are regularly
flooded, especially during heavy rainfalls with waters
coming from the upstream terrains. Most often, the
local government authorities warn the communities
within the floodplain to be prepared during heavy rain
to mitigate the negative impacts of flood hazards on
human lives and properties (Cantal-Albasin, 2017).

DEM description

DEM is a computer graphic representation of
elevation data in three-dimensional coordinates
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Fig. 1: Geographic location of the study area in Maapag Watershed, Valencia City of Bukidnon, Mindanao, Philippines
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usually used in geographic information systems to
visualize the terrain of the ground surface (Gandhi
and Sarkar, 2016). Acquiring the DEMs can be
done through photogrammetry like the LiDAR and
IfSAR technologies. LiDAR technique uses airborne
sensors emitting lasers to the Earth deriving DEM
with a resolution of 1 m. The produced DEM has
a vertical accuracy ranging from +5 to 15 c¢cm and
horizontal accuracy of less than 1 m (Wedajo,
2017). The uses of LiDAR enable grain-scale surface
roughness and provide highly accurate ground and
urban landscape topographic datasets, which are
essential characteristics for efficient simulation of
the flood (Puno et al., 2019). In the Philippines, the
LiDAR data was made available through the Data
Acquisition Component (DAC) of the University of the
Philippines-Disaster Risk and Exposure Assessment
for Mitigation (UP-DREAM) and Phil-LiDAR Programs
of the UP Training Center for Applied Geodesy and
Photogrammetry (UP-TCAGP) supported by the
Department of Science and Technology (DOST)
(Makinano-Santillan et al., 2019). On the other hand,
the IfSAR technology utilizes a Synthetic Aperture
Radar (SAR) system of two or more images of the same
extracted area (Lu et al., 2007). The data is formed
from two radar images of the recorded phase and
amplitude using microwave echoes, a combination
of conventional SAR and interferometry techniques
(Smith, 2002). The interaction of electromagnetic
waves measures the precise distance between
satellite antenna and ground resolution elements,
deriving landscape topography of subtle elevation
changes (Lu et al., 2007). The available IfSAR data
in the Philippines from the National Mapping and
Resource Information Authority (NAMRIA) has a
resolution of 5 m with 1 m RMSE vertical accuracy
and 2 m RMSE horizontal accuracy (Belen, 2015).
Table 1 presents the comparison of the two digital
elevation models used in the study.

DEM processing and preparation

Activities for DEM processing followed the
workflows within the GIS environment involving data
editing, mosaicking, calibration, and bathymetric
data burning. The LiDAR datasets from the DREAM
and Phil-LiDAR Programs were available in a form
of spatial coordinates in American standard code
for information interchange (ASCIl) format file and
drawing exchange format (DXF). ArcTeam toolbar
developed by the UP Diliman Data Processing
Component was utilized in generating DEM formats,
particularly in the form of a digital terrain model
(DTM). DEM editing included filling data gaps in the
flight mission with no data using the FillDataGaps
toolbar. The process also involved interpolation
and object retrieval techniques to edit the DEM by
omitting unnecessary objects in the DTM, ensuring
unobstructed water flow in river systems, and filling of
missed portions using a secondary DTM layer. These
two processes served as the cleaning and refining
of DTM. Adjacent edited flight missions were then
mosaicked with edges smoothened. DTMs calibration
was done through actual field surveys using ground
validation points reckoned from mean sea level (MSL)
gathered from the survey. The team conducted a
resampling of the initially 5-meter resolution IfSAR
DEM into 1 m and edited it following similar processes
as that of LiDAR DEM. Scrutinizing the processed and
mosaicked DTMs was also done for quality checking.
The method also involved bathymetric data burning
to integrate river morphology to DTM. This process
fills the gaps created from LiDAR due to the inability
of its laser pulse to penetrate the water surface and
the inaccurate river bed elevations data from IfSAR.
Conducting the bathymetric survey to acquire the
desired data involves the collection of actual heights
and coordinate points and the river geometry using
the high-precision global navigation satellite system
(GNSS) instrument applied with real-time kinematic

Table 1: Comparison of the two digital elevation models

Descriptions LiDAR IfSAR

Radar systems Airborne Airborne/Spaceborne
Vertical accuracy <0.15m Im
Horizontal accuracy <lm 2m
Resolution/pixel size 1m 5m

Model DTM/DSM DTM/DSM
Availability Upon request Upon request
Source UP-DREAM NAMRIA
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(RTK) techniques. The process enabled the generation
of a new raster using the inverse distance weighted
(IDW) interpolation method of the Spatial Analyst
tool of ArcGIS 10.2.2 version.

Basin model development, calibration and evaluation

The hydrologic models applied in this flood
modeling and simulation studies are the HEC-HMS and
HEC-RAS of the US Army Corps of Engineers. HEC-HMS
was utilized to simulate the hydrologic processes while
HEC-RAS was for the simulation of two-dimensional
unsteady flow hydraulic analysis (Santillan and
Makinano-Santillan, 2016). Both are open-source
computer programs extensively utilized in modeling
researches and studies involving hydrological processes
(Divin and Mikita, 2016). The study team developed
the hydrologic basin model of Maapag Watershed
using the HEC-GeoHMS extension of ArcGIS 10.2.2.
Within the HEC-HMS version 3.5 workflows, the team
calibrated the Maapag basin model using the actual
event data collected on November 20-22, 2017,
caused by the tail-end of a cold front and northeast
monsoon. Calibration of the model involved manual
adjustment and fine-tuning of parameters such as
the soil and land cover through the “trial and error”
method to fit the simulated values to the observed
hydrograph. Model performance to simulate flooding
events was evaluated by calculating the efficiency
criteria such as the root mean square error (RMSE) to
the standard deviation (STDEV) of measured data ratio
(RSR), Nash-Sutcliffe efficiency (NSE), and percent bias
(PBIAS) statistics. The RSR values range from 0 which
indicates a perfect prediction or zero RMSE to a large
positive value. It follows the lower RSR, the lower the
RMSE, the optimal or better the model simulation
performance. RSR is computed using Eq. 1. (Moriasi et
al., 2007).

- s 2
RMSE ZI(Y Y’), (1)

RSR = =
STDEV,, \/ "

Y-y

i=1

where RMSE is the root mean square error to the
standard deviation of the observed data (STDEV)
ratio (RSR), where ye is the i observation for the
evaluated variable, Y is the i simulated value for
the evaluated variable, Y is the mean of observed
data for the evaluated variable, and n is the total

number of observations. NSE, on the other hand, is
a test of model performance that indicates how well
the plot of observed versus simulated data fits the 1:1
line. Values between 0.0 and 1.0 are generally viewed
as acceptable levels of performance, whereas values
<0.0 indicate an unacceptable model performance.
Following the same symbols used in Eq. 1, NSE is
computed using Eq. 2 (Moriasi et al., 2007).

n

S(r-y)
NSE=1--1 — (2)
2 (r 1)
i=1
PBIA is another test of model performance that
assesses the average tendency of the predicted
results to overestimate or underestimate the field
observed data. A PBIAS of 0.0 indicates an accurate
model performance. A positive and negative PBIAS
value indicates underestimation and overestimation,
respectively. With the same symbols used from the
previous equations, PBIAS is calculated using Eq. 3
(Moriasi et al., 2007).

n

2 (1 -7)

PBIAS =-=————100 (3)

PR

i=1

With acceptable statistical results, the calibrated

and evaluated model of Maapag enabled simulation
of flood depth and extent covering the floodplain of
the river basin using the rainfall data from the tropical
storm on December 21-23, 2017.

Flood simulation

For the hydraulic simulation, the team established
the model using the HEC-GeoRAS extension tool in
ArcGIS 10.2.2. The team also prepared the following
datasets as the 2-dimensional (2D) area; land use/
land cover (LULC) map with incorporated Manning’s
n values; break lines shapefile of roads, riverbanks
and the sudden change of elevation; and terrain
data of LiDAR and IfSAR. A discharge hydrograph
of the tropical storm simulated by the calibrated
model was used for the unsteady flow analysis of
hydraulic simulation. Flow data were inputted in each
boundary condition identified as points for discharge
inflows. A constant value of 0.01 was assigned for
the standard depth and the outlet of the 2D domain
area. Precipitation data from the calibrated HMS for
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the same event was added as an additional boundary
condition covering the whole 2D domain area extent.
Two separate unsteady flow analyses using the LiDAR
and IfSAR DEMs were consequently performed in
HEC-RAS version 5.0.

Flood validation

Around 120 points randomly scattered in the
floodplain of Maapag were established for flood
validation (Fig. 2). Each point represents a random
household in the floodplain as determined by the
extracted building features using the LiDAR-derived
digital surface model (DSM), which portrays above-
surface features such as buildings (Sharma et al.,
2010). Flood information consisting of flood height,
flood duration, and other relevant information
were collected from each point through personal
interviews. These points were then loaded in ArcGIS
and plotted against the simulated flood depths using
the LiDAR and IfSAR DEMs.

Three statistical tests, namely the error matrix
or accuracy, f-measurement, and root mean square
error, were run to measure the accuracy and
validity of the simulated flood using the two DEMs.
These statistical metrics are the common standard
procedures for determining the similarity of maps in
various mapping and model performance evaluation

344

Fig. 2: Validation points in the floodplain of the watershed

studies (Timbadiya et al., 2011). The accuracy statistic
of the simulated flood depths was computed using
Eg. 4 (Cabrera and Lee, 2019).

(4+B)
N

Accuracy% = (4)

where A is the number of correctly predicted
flooded points, B is the number of correctly predicted
not flooded points, and N is the total number of
collected points. The f-measurement was computed
using Eq. 5 (Jung et al., 2014).

A

F= (A+B+C) (5)

where A is the same as described in equation 4,
B is the number of points predicted by the model
as flooded but not flooded in reality, and C is the
number of points that are predicted by the model as
not flooded but flooded in reality. The RMSE statistics
for models’ validity and reliability test were computed
using Eq. 6 (Timbadiya et al., 2011).

(6)

where X isthe modeled values, X_is the observed



values at a time/place i., n is the number of points.
Flood exposure analysis

This process quantifies the number of exposed
buildings based on two simulated flood hazards
developed using LiDAR and IfSAR DEMs, respectively.
The initial process involved the extraction of building
features from LiDAR DSM. Determining the number of
exposed buildings was done through superimposing
separately the building features map layers with
the flood hazard maps derived from the simulation
models using LiDAR and IfSAR datasets.

Processed DEMs

Fig. 3 illustrates the processed DEMs of the 1
meter-resolution, LiDAR, and 5 meter-resolution,
IfSAR, integrated with bathymetric data. A more
detailed DEM, as characterized by smaller stream
networks, is evident in the LIDAR DEM. This
observation confirmed the findings from previous
studies where LiDAR DEM is capable of offering
detailed elevation data that can be used to improve
flood-model input and consequently increase the
accuracy of the flood modeling results (Leitao and
de Sousa, 2018). Meanwhile, IfSAR DEM appears
more coarse and is unable to capture other tributary
streams. Moreover, the two DEMs have a minimal

difference when it comes to elevation ranges. The
2D area boundary of the two DEMs, which sets the
extent of simulation, has the same highest elevation
of 992 m. On the other hand, the lowest elevation
is 275 m and 283 m for LiDAR and IfSAR DEMs,
respectively.

Hydrologic basin model

The delineation of the basin boundary
along with the river network or reaches was
accomplished during basin model preparation
using the HEC-GeoHMS extension tool. Calibrating
the HMS model involved fitting the simulated
discharge with the observed discharge hydrograph.
Calibration was through manual adjustment of
parameters and visual evaluation of the fitted
lines of the observed and simulated values in the
hydrographs. After closely fitting the hydrographs,
model performance was subsequently evaluated
using the validation guidelines of Moriasi et al.
(2007). The initial result of evaluation before
calibration showed acceptable model performance
considered as ,good” for both RSR and NSE and
,satisfactory” for PBIAS. After calibration, the
model performance result shows ,very good”
for the three statistical tests. Fig. 4 shows the
observed hydrograph against the calibrated and
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Fig. 3: Processed LiDAR and IfSAR DEMs
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Table 2: Statistical analysis of model performance
Statistical Pre-calibration Post calibration
matrices Value Remarks Value Remarks
RSR 0.56 Good 0.23 Very Good
NSE 0.68 Good 0.95 Very Good
PBIAS -22.39 Satisfactory 8.61 Very Good

uncalibrated simulated hydrographs, while Table 2
shows the statistical model performance before
and after calibration. The calibrated model was
used to reconstruct the flood event that occurred
last December 21-23, 2017.

Flood simulation and mapping

The geometric data consists of a 2D domain
area that determines the simulation extent with
model boundary conditions corresponding to the
baseflow depth, precipitation boundary, and the flow
hydrograph conditions which contained the simulated
discharge data of the calibrated HMS model. Fig.
5 depicts the result of the simulated flood using
the 5 m IfSAR and 1 m LiDAR DEM with the terrain
models overlaid with extracted features of building
structures from LiDAR DSM. A closer look reveals
that the differences in topographic details resulted
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in varying flood propagation in both IfSAR and LiDAR
simulations. Moreover, the model developed with
IfSAR has recognizable clamped inundations due to
the less intricate of smaller tributaries. It was also
unable to capture the inundated channels and its
floodplain, which are barely flooded, unlike LiDAR
DEM-based simulation. Comparatively, LiDAR and
IFSAR DEMs vyielded the simulated flood areas of
35.82 km? and 35.59 km?, respectively, showing
a slight difference of 0.23 km2 The LiDAR-based
simulation has wider inundation which may be due to
a broader extent of the flat terrain of lower elevations
occupied by floodwaters. Varying observations
were noted in some related studies. Chen and Hill
(2007) concluded that due to the relatively smooth
terrain of coarser DEM, there are few terrain details
restraining water dispersion and reducing the area
of inundation. In contrast, Md Ali et al. (2015),



observed a wider flood extent in DEM with coarser
resolution. Simulation using LiDAR and IfSAR DEMS
revealed different maximum flood depths of 23.66 m
and 19.54 m, respectively. As reported, flood model
simulation results show differences in water depths
and inundation when using detailed DEMs (Muhadi et
al., 2020). Furthermore, in comparing the two flood
simulations of different DEMs, the building features
had not accurately occupied the actual locations,
particularly with IfSAR DEM compared to LiDAR DEM.
Such observation is expected since exposure datasets
which consist of building structures, were extracted
from LiDAR DSM only.

Flood validation and accuracy

Information on the historic flood experiences
included the 120 locations within the 2D domain
flood simulation area. Each point represented by a
household is either flooded or not flooded during the
event. Flood height was measured in each flooded
point. Following the spatial analyst tool of ArcGIS
workflow, the simulated flood depths using the two
DEMs were extracted and the outputs of which were

used to calculate the accuracy metrics. Table 3 shows
the validation results of the simulated flood event
using the three accuracy metrics.

Comparing the two flood models developed
with LiDAR and IfSAR DEM datasets using the
error matrix approach, the former yielded a more
accurate result with a difference of 12% accuracy.
Error matrix is influenced by the number of
correctly predicted flooded and not-flooded points
by the model simulation and is interpreted as the
overall reliability (Cabrera and Lee, 2019). For both
simulations, the number of correctly predicted
flooded and not-flood points is greater than the
incorrectly predicted points. Simulation using LiDAR
DEM mainly attained a high percentage which
passed the acceptable value of 85% for the overall
accuracy as reported by Foody (2008). On the other
hand, the simulation using IfSAR failed to satisfy the
acceptable prescribed percentage overall accuracy.
Test of accuracy using f-measurement revealed an
intermediate fit for the simulation using LiDAR and
a bad fit for the model using IfSAR. Based on Breilh
et al. (2013), flood simulated using LiDAR DEM is
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Fig. 5: Simulated flood using LiDAR and IfSAR DEMs

Table 3: Accuracy tests of flood simulation models using LiDAR and IfSAR DEMs

Accuracy metrics

LiDAR DEM-based model

IfSAR DEM-based model

Error Matrix 88%
F-measurement 0.61
RMSE 0.41

76%
0.34
0.53
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acceptable after attaining an f-measure of above 0.5.
This accuracy metric reveals that several incorrectly
predicted flooded and not flooded points are few
for the model using LiDAR but too numerous for
the simulation using IfSAR. Comparatively, the IfSAR
simulation showed an overestimation of flooding
than the LiDAR DEM simulation. The RMSE metric
explains the differences between the predicted and
observed data, with the significant errors affecting
the rating (Najafi and Salam, 2016). The test showed
a low RMSE for LiDAR simulation but high RMSE for
IfSAR. Specifically, the simulation using IfSAR DEM
has a more significant error compared to LiDAR DEM
as indicated by the higher RMSE value. Between the
two, the flood model using LiDAR falls within the
acceptable level of RMSE, which is below 0.5. Coarser
DEM contains more errors in elevation which tend
to overestimate hazard levels and underestimate
flooded areas. Overall, the LIDAR DEM-based flood
model has statistically yielded a better result than
IfSAR DEM-based model. However, LiDAR data has
some issues that need to be addressed regarding
filtering processes and data density resulting in a
longer computational time to simulate flood models
(Muhadi, et al., 2020). Besides, the high cost of
LiDAR data acquisition has been a constraint for its
availability and operational use (Hudak et al., 2011).
Thus, the application of IfSAR DEM in flood modeling
studies is still preferred (Mokhtar et al., 2018).

Flood exposure analysis

This analysis allows the calculation of the building
features exposed to risk according to the simulated
flood using the two kinds of DEMs categorized into
three hazard levels namely ,low”, ,,medium”, and
»high” with flood depth of <0.5 m, 0.5-1.5 m, and >1.5
m, respectively. For both simulations, the majority of
the flooded buildings were under the ,low” hazard
level, followed by ,medium” and the ,high”. The
IfSAR-based simulation consistently showed a lower
number of flooded buildings under the ,low” and
»medium” hazard category levels. In LiDAR-based
simulation, the total number of flooded buildings is
3580 (38%) of the total buildings in the floodplain.
On the other hand, the IfSAR simulation inundates
a total of 2896 (30%) buildings. A difference of 684
or 8% more flooded building features, the majority
of which are residential, were extracted using the
LiDAR-based flood hazard maps. In the aspect of

348

disaster operations and management, there is an
underestimation of flooded buildings using IfSAR.
This generated information is necessary as it serves
as a basis for making an optimal decision on the exact
location and coverage of hazards in the localities that
need immediate rescue and response operations
during flood disasters.

The flood simulation model using LiDAR DEM
passed the three statistics of accuracy tests showing
more precise results. The simulated flood using
IfSAR DEM yielded near to acceptable results but
failed to statistically satisfy the overall prescribed
accuracy tests. Flood simulation shows differences
in flood depth with LiDAR DEM-based model having
the deeper inundation indicating more detailed
results. In the infrastructure feature extraction, both
models showed similar trends where the majority of
the flooded buildings were under the low hazard
level indicating the applicability of both DEMs in
the process. Generally, the LIiDAR DEM dataset
revealed to be advantageous than IfSAR DEM and
is more appropriate when it comes to the accurate
estimation of flood impacts up to the household
level. However, difficulty in terms of data storage
that results in a longer processing time to simulate
flood models is one of its drawbacks. Additionally,
the cost of LiDAR DEM data acquisition is relatively
high. An agency or the local government units may
limit the coverage to focus on the highly populated
areas to minimize the LiDAR data acquisition cost.
Thus, in flood-prone agricultural lands where critical
analysis is unnecessary, IfSAR can be used for flood
simulation. Areas covered with other land uses may
be represented by IfSAR and mosaicked with the
available LiDAR datasets on specific floodplains.
Overall, this study presents the benefit of using
fine-resolution DEM such as a LiDAR over coarser
DEM such as IfSAR, especially when seeking a more
detailed and accurate flood model simulation.
However, with the issues and concerns about LiDAR
data acquisition, processing and storage, the IfSAR
system is still preferred as it offers a more cost-
sensitive DEM dataset for use in the process of
flood simulation model development and updating
which are necessary for the economically-optimal
implementation of flood hazards monitoring and
management.
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The southeast Indian Ocean is one of the areas where
tropical cyclones formed. A comprehensive understanding of the cyclone impact in the
Southeastern Indian Ocean is needed to anticipate future changes due to the warming trend.
The present study investigates the influence of Cyclone Marcus on oceanographic processes
in the subsurface and surface layers and its impact on temperature and Chlorophyll-a in the
Southeastern Indian Ocean. The present study applies the Argo Float data located near the
peak of the Cyclone Markus path and could capture the subsurface layer vertically that has
never been reported previously.

This study performs Copernicus data set and Argo Float data to analyze the
oceanographic feature of the region before, during, and after Cyclone Marcus.

The average surface current velocity increased almost two times during Cyclone
Marcus, and the eddy was formed in the clockwise direction following the surface wind
pattern. The Argo Float data presents that Cyclone Marcus could induce surface divergence
(clockwise eddy) where the cold water and high salinity waters pumped up to the surface
layer, starting 1 day after the peak of Cyclone Marcus, resulting in cooling surface temperature
by 1.7 °C and deepening mixed layer depth up to 60 m. It implies that the lifted nutrient-rich
water stays in the mixed layer depth for 11 days, and sea surface Chlorophyll-a concentration
increase with time lags of 2.5 days and 5.6 days, respectively. The Chlorophyll-a concentration
increases 2.5 times, and since then starts to decrease its ‘normal concentration” within two
weeks.

Cyclone Marcus triggers the entrainment between the subsurface layer and
the sea surface, forcing a phytoplankton growth, particularly in the path area. The future
cyclone could increase in the category in the study area, as the warming trend in the Indian
Ocean.

©2022 GJESM. All rights reserved.
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The Southeast Indian Ocean is one of the areas
where tropical cyclones (TCs) formed. Generally,
tropical cyclone seeds form in the Arafura Sea and
the waters of Northern Australia, which continue to
move southwest (Hoque et al., 2017). The intensity
of TCs will continue to move increasingly until their
energy becomes extinct. The increase in cyclone
intensity is forced by ocean temperature, where the
relatively warm waters in the surface ocean could be
a source of energy for TCs to maintain their existence
(Pillay and Fitchett, 2021). The trend of the Indian
Ocean warming, as reported by Roxy et al. (2015), is
expected to affectthe numberandintensity of TCs. The
temperature increase in a tropical ocean area could
provide a low-pressure centre or a tropical depression
that becomes the seed of TCs. A comprehensive
understanding of the TCs impact in the Southeastern
Indian Ocean is needed to anticipate future changes
due to the warming trend. The negative impact of
TCs, such as extreme weather, could cause material
losses and casualties in the impacted coastal areas.
Another encouraging impact was reported by Yu et
al. (2013) that after the TCs Goni and Koppu, there
was an increase in the abundance of fish offshore
for up to eight days in the South China Sea. Yu et al.
(2014) showed that TCs Chanthu, Vicente, and Kai-
tak could increase catch per unit effort (CPUE) for up
to three weeks in the Northwest of the South China
Sea. The increased CPUE is closely related to the
increase in Chlorophyll-a (Chl-a) after TCs. A similar
thing could happen in the Southeastern Indian
Ocean. Previous studies suggested a decrease in
temperature and an increase in primary productivity
triggered by TCs. Li et al. (2020) reported that the
phenomenon was due to the vertical entrainment
that pumped up the relatively cold and nutrient-rich
waters from the subsurface to surface layers. TCs will
form eddies in the surface ocean along the cyclone
path. The pressure difference in the surface ocean
due to the lower centre of the cyclone will be filled
by a water mass from the subsurface to surface layers
(upwelling). The upwelling implied ocean fertility.
Chacko and Zimik (2018) revealed that TCs could
affect a surface mixed layer down to 100 m depth.
The biological responses in the surface ocean can be
different along the cyclone path, depending on the
upwelling magnitude and the availability of nutrients
in the water. The increase in primary productivity
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caused by TCs is temporary. After some time, primary
productivity will decrease again at different intervals
(LG et al., 2020). Comprehensive studies on the impact
of TCs on ocean dynamics in the subsurface layer
have been elaborated. The response of the water
column in the subsurface was shown in the form of
increasing mixed layer depth (MLD), which becomes
deeper due to the turbulent mixing. Cyclone Phailin
in the Bay of Bengal caused a MLD of 29 m (Vidya
et al., 2017). Cyclone Trami in the northwest Pacific
Ocean showed a mixed layer change by 94 m (Chai
et al., 2021). A review paper by (Zhang, et al., 2021)
highlighted that the upper ocean response usually
recovers in several days to several weeks, depending
on the intensity, translation speed and size of the
TCs. Environmental parameters are also important,
such as ocean stratification and eddies. The ocean
dynamics in the subsurface layer of the Southeast
Indian Ocean influenced by TCs still need to be
studied further. Most of the previous studies only
report the oceanographic processes in the surface, as
presented in Tabel 1.

Theimpact of TCs is quite significant on the surface
and subsurface layers. What are the oceanographic
characteristics in subsurface and surface layers of
the Southeast Indian Ocean during and after TCs?
The mechanism and impact on oceanographic
processes in the subsurface layer that affect Chl-a
and temperature in the surface layer of the Southeast
Indian Ocean have not been studied previously.
The present study aims to investigate in detail the
influence of Cyclone Marcus on oceanographic
processes in the subsurface and surface layers and its
impact on SST and surface Chl-a in the Southeastern
Indian Ocean in 2018. The present study applies the
Argo Float data, which has stations simultaneously
near the peak of the Cyclone Markus path. The
Argo Float data could capture the oceanographic
processes in the subsurface layer vertically that has
never been reported previously in the Southeastern
Indian Ocean.

Description of the study area and data collection
Tropical Cyclone Marcus was an intense tropical
cyclone in 2018 with a category 5 Saffir-Simpson
scale where the TCs data were collected from the
Australian Bureau of Meteorology (BOM). Cyclone
Marcus seedlings formed in northern Australian
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waters on 14 March 2018 and became extinct on
24 March 2018. Information and images of the
trajectory of Cyclone Marcus are shown in Fig. 1.
This study used oceanographic data set or derivative
works from Copernicus Marine Service Information.
The SST data are adopted from the Operational Sea

Surface Temperature and Sea Ice Analysis (OSTIA)
data. OSTIA uses satellite data provided by Group for
High-Resolution Sea Surface Temperature (GHRSST)
using field observations and satellite data that uses
infrared and microwaves to determine the SST data.
The use of microwaves can overcome the effects of

Table 1: Previous studies in the Southeastern Indian Ocean

No. Tropical cyclones and Period Ca.tegory (Saffir- Data Set Findings (highlighted in the
references Simpson scale) abstract)
1 Ernie 6-10 April 4 Sea Surface SST decrease and Chl-a
(Efendi et al., 2018) 2017 Temperature (SST)and  increase after the cyclone.
SST (satellite data), Chl-
& '.VILD and sea Surf'ace SST decrease, Chl-a increase,
. . height (E.U. Copernicus .
5 Seroja 4-12 April 5 Marine Service sea surface height anomaly
(Avrionesti et al., 2021) 2021 . decrease, and MLD increase
Information), sea
surface wind (satellite after the cyclone.
data).
. ) SSTand Chl-a.(satelhte), SST decrease and Chl-a
3 Seroja 4-12 April 2 sea surface wind (Cross- increase after the cyclone.
(Setiawan et al., 2021) 2021 Calibrated Multi-
Platform).
SST and Chl-a (satellite),
4 Cempaka Nozvi_rif)er 1 sea.surface winc.i (Cross-  SST decrease and Chl-a
(Aditya et al., 2021) 2017 Calibrated Multi- increase after the cyclone.
Platform).
X 27 SST and Chl-a (satellite),
5 Dahlla November to 2 sea surface wind (Cross- .SST decrease and Chl-a
(Aditya et al., 2021) 2 December Calibrated Multi- increase after the cyclone.
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Fig 1: Path of Cyclone Marcus during 14-24 March 2018 and pressure (color in hPa), while the red dots indicate the position of Argo Float
stations. The red box shows the study area indicating the highest intensity (low-pressure area) of Cyclone Marcus
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clouds that form during TCs. SST data have a spatial
resolution of 0.05° by 0.05° and daily temporal
resolution (Donlon et al., 2012). MLD data were
obtained from a 3 dimension multi-observations
product of the ocean (ARMOR3D) with a spatial
resolution of 0.25° by 0.25° and a weekly temporal
resolution (Guinehut et al., 2012; Mulet et al., 2012).
Surface wind data has a spatial resolution of 0.25°
by 0.25° and a temporal resolution of six hours,
while ocean current data has a spatial resolution
of 0.25° by 0.25° and a daily temporal resolution
(Rio et al., 2014). The Chl-a concentration data are
based on the merging of the sensors Sea-viewing
Wide Field-of-view Sensor (SeaWiFS), Moderate
Resolution Imaging Spectroradiometer (MODIS),
Medium Resolution Imaging Spectrometer (MERIS),
The Visible and Infrared Imager/Radiometer Suite
(VIIRS), the Suomi National Polar-orbiting Partnership
(S-NPP), The Joint Polar Satellite System (JPSS), and
Ocean and Land Color Instrument (OLCI) sensor. The
Chl-a concentration data has a spatial resolution
of 4 km by 4 km and a daily temporal resolution.
Subsurface observations were examined using the
Argo Float Commonwealth Scientific and Industrial
Research Organization (CSIRO) Australia. The Argo
Float is operational with a thermistor, conductivity
sensor, and pressure gauge to record temperature,
salinity, and depth, respectively, every ten days in
the Southeastern Indian Ocean. The Argo Float data
was chosen because of its location (17 March 2018
at 107.08°E and 15.68°S; 27 March 2018 at 106.72°E
15.92°S), which was on the path of Cyclone Marcus
when it reached its lowest pressure peak so that it
can provide information before and after the cyclone
passes that location at 21-24 March 2018.

Data analysis

Spatial analysis is divided into three phases,
namely before Cyclone Marcus (11-17 March 2018),
during Cyclone Marcus (18-25 March 2018), and after
Cyclone Marcus (26-31 March 2018). Spatial analysis
is the average of each phase on each variable, using
in Eq. 1.

2

i=1 ¢

n

n

X =

(1)

where X is the average value of each phase, x is
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the sample’s value, and n is the amount of data.

Accumulated Cyclone Energy (ACE) is a method
to measure or quantify tropical cyclone phenomena
based on the strength and timing of TCs in a particular
area or time (Collins, 2018). The ACE value is obtained
from the estimated maximum wind speed during the
life of a tropical cyclone with 6-hour intervals. As for
the calculation of ACE, using Eq. 2.
ACE=10"XVv" (2)

where Vmaxis the maximum constant wind
speed at 6-hour intervals (m/s). Ekman pumping
velocity (EPV) forced by TCs was calculated using Egs.
3 and 4 (Chacko and Zimik, 2018).

wind stress (T) = p,iCqU?

(3)

EPV = Curl(z') !/ p,xf (4)

where Pair is the density of air (1.25 kg/m3),
C, is wind drag coefficient (1.3 x 107), which is
a dimensionless quantity, U is the wind speed,
P, is the density of seawater (1025 kg/m?3), and
f is the Coriolis parameter. A positive (negative)
value indicates an upwelling (downwelling) event.
The relationship between SST, Chl-a, and ACE was
analyzed using a wavelet transformation, which is a
Morlet wavelet (Grinsted et al., 2004).

Surface ocean response to Cyclone Marcus

The response of the layer above sea level is often
determined by observing changes in wind speed
and current speed. During the peak of Cyclone
Marcus (Fig. 2a), the lowest pressure occurs in the
eye, where surface wind speed reached 20 m/s in
a clockwise direction due to the Coriolis effect. The
average surface wind speed before the occurrence of
Cyclone Marcus (11-17 March 2018) was around 4-6
m/s in the study area (Fig. 2b). The average surface
wind speed during Cyclone Marcus (18-25 March
2018) was in the range of 11-18 m/s in the study
area (Fig. 2c). Besides that, Cyclone Marcus began
to re-curvature to the South. The surface winds will
accelerate as the intensity of TCs increases (Zhang et
al., 2020). After the cyclone reached the extinction
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Fig. 2: The wind pattern (color in m/s): (a) during the peak of Cyclone Marcus on 22 March 2018, (b) before Cyclone Marcus (11-17 March
2018), (c) during Cyclone Marcus (18-25 March 2018), (d) after Cyclone Marcus (26-31 March 2018)

phase (26-31 March 2018), the average surface wind
speed in the study area of Cyclone Marcus ranged
1-10 m/s (Fig. 2d). The surface wind speed decreased
significantly, presumably because the post-tropical
cyclone causes calmer weather with cold SST. SST
cooling weakens the cyclone system because of no
energy source (Sillmann et al., 2021; Guo et al., 2020).

Ocean flow patterns also show a significant
response to Cyclone Marcus, particularly in the study
area. During the peak of Cyclone Marcus (Fig. 3a), the
eddy was formed in the clockwise direction following
the surface wind pattern where surface current
velocity reached 0.7 m/s. Before the cyclone, the
average surface current velocity was around 0.19-0.23
m/s in the study area (Fig. 3b). The average surface
current velocity during the occurrence of Cyclone
Marcus ranged from 0.21-0.45 m/s in the study area
(Fig. 3c), which is in line with the movement direction
of the cyclone towards the South. The movement
of surface currents changed significantly, while the
currents increased as the cyclone intensity was high.
The current velocity decreased close to normal after
the cyclone, with its average value ranging at 0.2-
0.23 m/s in the study area (Fig. 3d). The decrease in

currents is not as significant as that in the wind since
the currents are not directly related to TCs and only
receive the influence of energy transfer from wind
friction (Zhang et al., 2020).

The response of temperature and salinity in the
subsurface

Cyclone Marcus affects the sea surface layer and
the subsurface layer as indicated by a response of
physical and biological parameters (Chacko and Zimik,
2018). The present study performs the Argo Float data
located near the trajectory of Cyclone Marcus that
shows temporal changes in temperature and salinity
below the surface, particularly at depths of 4 m to
100 m, as presented in Fig. 4. The water temperature
in the surface layer before Cyclone Marcus showed
a value of 28.53 °C, which continued to increase to
29.49 °C (Fig. 4a). Before the cyclone, the value of
27.79 °C at 30 m depth continued to increase by 28.91
°C during the cyclone, where the turbulent mixing
and upwelled water from the subsurface to surface
layers occurred. This mechanism subsequently
decreased the temperature on the surface after the
cyclone. Fig. 4a shows the temperature at 52 m depth
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Fig. 3: The ocean flow pattern (color in m/s): (a) during the peak of Cyclone Marcus on 22 March 2018, (b) before Cyclone Marcus (March
11-17), (c) during Cyclone Marcus (March 18-25), (d) after Marcus (March 26-31)

reached 28.28 °C as the cyclone became extinct. The
temperature at a depth layer of 4 — 52 m is relatively
similar, indicating an increase in temperature. This
response is due to temperature inversion below
the surface. The temperature inversion causes
an increase in the surface layer temperature. The
temperature inversion significantly increases the
temperature in the subsurface before the cyclone and
later increases SST (Chacko and Zimik, 2018). Fig. 4b
shows the salinity changes in the subsurface. Before
the cyclone, salinity at a depth layer of 0-22m showed
a low salinity <34.25 PSU. During the cyclone, the
vertical mixing caused a significant increase in salinity,
reaching 34.668 PSU at 46 m depth. After the cyclone
was extinct, it took time to return to normal, which
varies from a few days to a few weeks (Chacko and
Zimik, 2018; Yan et al., 2017). Fig. 4b clearly shows an
upwelling event during the cyclone, which ended ten
days after the cyclone. The occurrence of upwelling is
the consequence of the clockwise eddy that triggers
surface divergence. Turbulent mixing also changes
MLD in the study area, where the MLD before the
cyclone was counted around 22 — 26 m depths (Fig.
5a). During the cyclone, MLD ranged between 20 until
25 m depths (Fig. 5b). After the cyclone, MLD has seen
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around 18 — 40 m depths (Fig. 5c). In comparison with
Fig. 4a, a MLD before the cyclone of 30 m depth and
after the cyclone of 60 m depth. The MLD in Fig. 5 was
adopted from ARMOR3D (Copernicus data set), while
the MLD in Fig. 4a was an estimation from the vertical
temperature profile of the Argo Float Data.

Sea surface temperature response

The SST response to TCs is clearly illustrated by
the relatively low SST values, where the spatially
averaged SST in the study area was 28.04 °C before
Cyclone Marcus (Fig. 6a) and decreased to around
27.5 °C during Cyclone Marcus (Fig. 6b). Table 2
presents the comparison of SST as reported in the
previous studies. This mechanism is presumably due
to the influence of water mass mixing, upwelling, and
heat release. About 85% of the causes of SST cooling
due to TCs are caused by upwelling or entrainment
processes, in addition to the heat release process
used by TCs as energy to maintain their existence
(Sillmann et al., 2021). The initially warm SST value will
be the heat intake used by the cyclone as an energy
source to maintain its existence for more prolonged
movements. Each tropical cyclone has a different
SST threshold value, and the threshold depends on
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Mar 2078

Fab 2018
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Fig. 4: Vertical profile of temperature (color in °C) (a), and salinity (color in PSU) (b) at Argo Float stations. The thick contour-line in (a)

indicates a MLD. A thick vertical dash-line indicates the occurrence of Cyclone Marcus between 18 and 25 March 2018. Data interpolation

among the Argo Float stations and visualization was carried out using Ocean Data View with DIVA (Data Interpolating Variational Analysis)
method (Schlitzer, 2021)

the lifetime of the cyclone (Tory and Dare., 2015)
so that each tropical cyclone has an SST value that
varies in experiencing intensification (increase in
energy), de-intensification (decrease in energy), re-
curvature, and even dissipation (Chacko and Zimik,
2018). The spatially averaged SST value after Cyclone
Marcus in the study area was around 27.11 °C (Fig.
6c). The dissipation stage started after the cyclone,
as seen by slowly increased SST until 27.34 °C. That
means the ocean response was indicated to restore
SST to an original or stable condition. During pre-and
post- Cyclone Marcus, the SST difference reached 1.7
°C. The magnitude of SST difference caused by the
cyclone is strongly influenced by its intensity which
causes vertical mixing in the surface ocean. The SST
variability can determine the intensity of TCs (Xu et

al., 2016; Thanh et al., 2019).

Biological response

The spatial and temporal response of Chl-a in the
sea surface affected by Cyclone Marcus showed an
increased concentration along the cyclone path. The
present study focuses on the Chl-a response in the
area where the peak intensity (category 5) occurred.
The Chl-a concentration before Cyclone Marcus was
around 0.065-0.081 mg/m? in the study area (Fig.
7a). The present results correspond with previous
research conducted by Li et al. (2012) regarding the
vertical distribution of Chl-a in the Indian Ocean,
which shows the concentration of Chl-a in the surface
layer in the East Indian Ocean is less than 0.10 pg/L
(equal to mg/m?3). The concentration of Chl-a during
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Fig. 5: Distribution of weekly MLD (color in m): (a) before Cyclone Marcus (11-17 March 2018), (b) during Cyclone Marcus (18-25 March
2018), (c) after Cyclone Marcus (26-31 March 2018)

Cyclone Marcus showed an increase of 0.072- 0.14
mg/m?3in the study area (Fig. 7b) and continued to
increase after the cyclone with a range 0f 0.114-0.186
mg/m? in the study area (Fig. 7c). As for comparison,
the Chl-a concentrations from the previous studies
are shown in Table 2. The response of Chl-a showed
the most significant increase in concentration on 27
March 2018, which reached 0.186 mg/m?3or 2.5 times

360

greater than the average concentration of 0.075 mg/
m? before the cyclone. The present study confirms a
time lag of the Chl-a response during the occurrence
of Cyclone Marcus and the nutrient enrichment
process around the cyclone path.

Several factors might influence the process of
increasing Chl-a in the sea surface layer. The present
study highlights that wind-induced EPV plays a
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Fig. 6: Distribution of SST (color in °C): (a) before Marcus (11-17 March 2018), (b) during Marcus 18-25 March 2018), (c) after Marcus (26-31
March 2018)

significant role in determining the upwelling. The
wind generated by Cyclone Marcus produces a
positive (negative) value, indicating an upwelling
(downwelling) event, as shown in Fig. 8. The increase
in Chl-a concentration is consequently affected by the
upwelling process that causes a nutrient-rich water
mass to pump up to the surface (Chacko and Zimik,
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2018; Efendi et al., 2018). As discussed previously,
Cyclone Marcus can mix up 60 m depth. Liet al. (2012)
reported that the Depth Chl-a Maximum (DCM) was
at 55.6 m to 91 m depths in the East Indian Ocean.
The nutrients and Chl-a concentrations in DCM were
carried to the surface and increased the concentration
of Chl-a. The increase in Chl-a after the cyclone was



A.F. Koropitan et al.

Table 2: SST and sea surface Chl-a of the previous studies in the Southeastern Indian Ocean

Categ(?ry SST (°C) Chl-a (mg/m?3)
No.  TCs and references Period ('Saff/r- Before
Simpson After TCs Before TCs After TCs
scale) TCs
1 frmie 6-10 April 2017 4 30-32 24-27 0.08 0.15
(Efendi et al., 2018) P : :
Seroja . .
2 (Avrionesti et al,, 2021) 4-12 April 2021 2 29.72 26.32 Not available 2.57
Seroja . .
3 (Setiawan et al,, 2021) 4-12 April 2021 2 29.8 <28 Not available >12
Cempaka
4 (Aditya et l,, 2021) 25-27 November 2017 1 29.3 28.2 0-0.12 0.15-0.2
Dahlia 27 November - 2
> (Aditya et al, 2021) December 2017 2 28-32 26- 27 0-0.12 0.2-0.35

1ore e are 1M
Longitude

Fig. 7: Distribution of sea surface Chl-a (color in mg/m?3): (a) before Cyclone Marcus (11-17 March 2018), (b) during Cyclone Marcus (18-25
March 2018), (c) after Cyclone Marcus (26-31 March 2018)
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Fig. 8: Distribution of EPV [color in x10®° m/s] during: (a) Cyclone Marcus category 4 (21 March 2018), (b) Cyclone Marcus category 5 (22
March 2018)

due to the shallowing MLD and thermocline depth,
which subsequently provided nutrient enrichment
in the surface layer (Chakraborty et al., 2018). After
27 March 2018, the Chl-a concentration continued
to decrease until its concentration reached the
monthly average without the cyclone effects on 10
April 2018. The present finding presents that Cyclone
Marcus could induce surface divergence (clockwise
eddy) where the cold water and high salinity waters
pumped up to the surface layer, starting from 23
March (1 day after the peak of Cyclone Marcus) to 4
April 2018 (Fig. 4). It implies that the lifted nutrient-
rich water stays in the MLD for 11 days, and a Chl-a
increases two weeks after the cyclone. A similar
phenomenon was also found by Lii et al. (2020), with
the Chl-a concentration increase persisting for up to
ten days, while Mandal et al. (2018) found up to eight
days. Chakraborty et al. (2018) and Efendi et al. (2018)
reported that the Chl-a concentration increase could
last two to three weeks after a storm. As affected
SST, the speed and intensity of the cyclone affect the
vertical mixing and upwelling processes (Fig. 8a and
Fig. 8b). The present study found that category four
or intensity four of the cyclone resulted in EPV value
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around 2.6 x 10°° m/s, while in category five, the EPV
value increased significantly by 3.01 x 10* m/s. The
speed and intensity of the cyclone will subsequently
increase the concentration of nutrients and trigger
the growth of phytoplankton and increase the Chl-a
concentration (Chacko and Zimik, 2018; Lin, 2012;
Mei et al., 2015).

Relationship between SST, Chl-a, and ACE

The response of SST and sea surface Chl-a
concentration during the formation of TCs showed
a strong relationship around the path of TCs. Our
findings showed that the SST decreased and the
Chl-a concentration increased along the cyclone
path. Increasing (decreasing) Chl-a concentration
(SST) depended on the intensity of TCs caused by the
wind speed that forced mixing in the surface layer.
The wavelet transforms cross-correlation between
SST, Chl-a, and ACE (represents wind speed) in the
study area during 2017-2018, as shown in Fig. 9.
The present study found an increasing value of the
wavelet spectrum from the end of March 2018 to
the beginning of April 2018 with ten days. The phase
relationship between variables is indicated by the
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Fig. 9: Wavelet cross transformations in the study area where the thick black contours show a 95% confidence level for: (a) ACE and SST, (b)
ACE and Chl-a. The wavelet calculation and visualization were carried out using MatLab R2020b

direction of the arrow in the wavelet analysis, where
the arrow indicates the in-phase (anti-phase) to the
right (left). The direction of the arrow starts from the
right arrow to represent a time lag between the two
variables. In this case, the arrows pointing to the lower
right or upper left indicate the variable-1 (ACE) occurs
first, while the arrows pointing to the upper right or
lower left indicate that the variable-2 (SST and Chl-a)
occurs first (Fig. 9). The time lag between the peak
of Cyclone Marcus and the SST decrease was about
2.5 days (Fig. 9a). The coherence value for SST during
the cyclone is 0.8, indicating that the two variables
have a strong relationship. The present study also
found that the time lag corresponds with the Ekman
pumping response of 2.3 days, where the maximum
EPV shows a value of 3.01 x 10* m/s consistent with
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the highest intensity in the study area. The water-
mass entrainment from the lowest depth of MLD,
which is 60 m, to the sea surface requires 2.3 days.
The time lag between the peak of Cyclone Marcus
and the Chl-a concentration increase was about 5.6
days (Fig. 9b). The coherence value for Chl-a during
the cyclone shows a strong relationship among the
two variables, which is 0.8. The present findings
suggest that the mixing process due to upwelling
would produce a different time lag for SST and Chl-a
responses according to the wavelet analysis. In this
case, the SST response is shorter than Chl-a because
of the direct response of this SST parameter in the
sea surface. It is different for the Chl-a parameter
that needs a pre-response for nutrient enrichment
in the surface from the subsurface layer before a



photosynthesize process for phytoplankton growth
(Chl-a increase). Kdmpf and Chapman (2016) stated
that the movement of water masses from the
water column takes several days to a week, which
is sufficient time to lift the water mass to a vertical
distance of 100 m or more. The difference in TCs
intensity may cause a different time lag for the Chl-a
response (Parker et al., 2017). The Chl-a response
relates to the pyramidal structure of the ecosystem in
the upwelling regions, where primary, secondary and
small pelagic fish productivities have a different time
for their growths.

Cyclone Marcus in 2018 was one of TCs with high
intensity of category 5 in the Southeastern Indian
Ocean. The present study investigates the influence
of Cyclone Marcus on oceanographic processes in
the subsurface and surface layers and its impact
on SST and surface Chl-a in the study area. The
average surface wind speed increased by three times
during Cyclone Marcus in a clockwise direction and
decreased significantly after the cyclone reached the
extinction phase due to SST cooling in the study area,
resulting in no energy source for the cyclone. The
average surface current velocity increased almost
two times during Cyclone Marcus, and the eddy
was formed in the clockwise direction following the
surface wind pattern. The decrease in post-cyclone
currents was not as drastic as the wind because the
ocean friction limited energy transfer from the wind.
The Argo Float data presents that Cyclone Marcus
could induce surface divergence (clockwise eddy)
where the cold water and high salinity waters pumped
up to the surface layer, starting 1 day after the peak
of Cyclone Marcus. It implies that the lifted nutrient-
rich water stays in the MLD for 11 days, and a Chl-a
increases two weeks after the cyclone. Wind-induced
eddy and EPV play a significant role in determining
the upwelling. Cyclone Marcus can mix up 60 m
depth where the nutrients and Chl-a concentrations
in DCM were carried to the surface and increased
the concentration of Chl-a. The increase in Chl-a
after the cyclone was due to the shallowing MLD and
thermocline depth, which subsequently provided
nutrient enrichment in the surface layer. Significant
findings in this research show a SST difference of 1.7
°C, MLD deepening up to 60 m, and an increase in
Chl-a almost three times in responding to the cyclone.
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The future TCs could increase in the category in the
study area, as the warming trend in the Indian Ocean.
Besides its negative impacts, future research could
focus on the marine food chain as the phytoplankton
blooming (Chl-a) after the cyclone.
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Peat swamp forest ecosystems are fragile ecosystems
with different peat depths according to the level of peat formation. Moreover, a peat swamp
forest can have diverse vegetation and high carbon stocks. Thus, caution should be taken
in the sustainable management of a peat swamp forest. However, the connection between
vegetation diversity, carbon stocks, and peat depths has not been widely studied in efforts
to conserve vegetation and peatlands. This study aimed to analyze the connection between
vegetation diversity, carbon stocks, and peat depths in the Kahayan Sebangau Peat Hydrology
Unit.

Plots at the peat depths of four sites were studied: site 1 (<50 cm), site 2 (393-478
cm), site 3 (479-564 cm), and site 4 (565-649 cm).

: This study discovered that diverse vegetation at the tree, sapling, and seedling
levels and the species richness at different peat depths were significantly different due to
various nutrient contents and distances from the river. The number of species found varied
at various peat depths, with 20, 28, 32, and 19 species at peat depths of 565 cm, 479-<565
cm, 393-<479 cm, and <50 cm, respectively. In addition, the highest carbon stock was 95.2 £
19.52 Mg C/ha, which was found at a peat depth of 479 — 564 cm and a vegetation diameter
of 210 cm. The tree species Combretocarpus rotundatus (Miq.) Danser, Maclurodendron
porteri (Hook. f.) T.G. Hartley, Tetramestra glabra Miq, and Horsfieldia irya (Gaertn.) Warb.
had high survival rates and grew at a peat depth of <50 cm. The study results confirmed
that peat thickness could not directly affect the vegetation dynamic in terms of vegetation
diversity. The vegetation changes were influenced directly by changing other characteristics
of peat hydrology, peat chemistry, and peat organic matter.

All Pearson correlation values between peat depth, vegetation diversity, and
carbon stock were positive with each other. This shows that peat depth, vegetation diversity,
and carbon stock are interdependent and connected to one another.

©2022 GJESM. All rights reserved.
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Peat swamp forests in Indonesia are scattered
across Riau, Jambi, South Sumatra, Southeast
Sulawesi, Kalimantan Island, and Maluku Island, with
a total area of 149,056 km? (Warren et al., 2017).
Peat swamps are important ecosystems, providing
environmental services, creating diversity among
the tree species and wildlife, and contributing to
the mitigation of climate change and thus to a
reduction in global warming (Osaki et al.,, 2021).
Climate change also affects hydrological aspects
of peatland forests. Peat swamps are important
ecosystems globally because their functions are
primarily related to hydrology, carbon cycling, and
biodiversity regarding tree species and wildlife
and they contribute to climate change mitigation,
thus reducing global warming (Hirano et al., 2014;
Osaki et al., 2021; Sefidi et al., 2015). They are
also especially sensitive to climate dynamics, such
as changes in precipitation and the flood regime
(Fenner and Freeman, 2011). These environmental
factors are interrelated and interact, which
ultimately affect the composition and pattern of
vegetation diversity (Afrianto et al., 2016). These
areas possess a unique and fragile ecosystem with
certain characteristics. One of the functions of
forests, such as peat swamps, is carbon cycling by
absorbing or sinking carbon dioxide (CO,) from the
air. Carbon dioxide storage is closely correlated with
standing biomass (Dargie et al., 2017). The amount
of biomass in an area is obtained by calculating
the biomass density and number of tree species.
Peat swamp forests, especially in Kalimantan,
have been significantly degraded and fragmented
from 1990 to 2010 (Dohong et al., 2017) because
peat swamp forests have been extracted since the
establishment of forest concession rights (Miettinen
and Liew, 2010). The most degrading factors of this
peat forest are illegal logging, land conversion, and
forest fire. The conversion of peat swamps increases
the amount of carbondioxide (CO,). According to
Hooijer et al. (2010), emissions related to changes
in peat swamp use and management are estimated
to be 50% of Indonesia’s total national emissions.
Tree growth in tropical regions is generally faster
than that in sub-tropical regions (Russel and Raich,
2012). Therefore, developed countries are highly
concerned about tropical forest preservation
because forests can absorb gas emissions and
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prevent climate change (Harrison et al.,, 2019). The
third-largest tropical forest in the world is located in
Indonesia, after those in Brazil and Kenya (Kusmana
and Hikmat, 2015), so we must obtain basic data
about how much carbon can tropical forests absorb,
especially lowland peat swamp forests. Peat swamp
is a soil material not easily weathered and consists
of organic materials mostly not decomposed and
accumulated in aerobic conditions (Dommain et
al., 2015). Peat swamp forests have an important
global ecological function as carbon sinks and stocks
and significantly contribute to global carbon cycles
(Osaki et al., 2021). On the other hand, logging
and fires threaten biodiversity loss in peat swamp
forests (Posa et al., 2011). These two reasons are
the triggers for this research, which investigates tree
species and carbon stocks at various peat depths. In
this regard, the research gaps were found between
vegetation diversity, carbon stock, and peat depth in
the peatland forest ecosystem. Rieley et al. (1996);
Page et al. (1999); Lahteenoja et al. (2009a, 2009b);
Astiani et al. (2016) stated that varying responses
to local gradients in hydrology, nutrient availability,
and depth of peat affect vegetation changes.
Meanwhile, more in-depth analyses between
vegetation diversity and its connection to carbon
stock and peat depth are needed. Specifically, this
study aims to investigate the vegetation diversity
and carbon stock at several peat depths as well as
to analyze the connection/correlation between
vegetation diversity, carbon stock, and peat depths
to provide recommendations for peat swamp forest
conservation. This study was carried out in the peat
hidrology unit (PHU) of Kahayan, Sebangau River,
Pulang Pisau Regency, Central Kalimantan Province,
in 2020.

Description of the study area and context

The study location is categorized as a peat swamp
forest by the Peat Hidrology Unit (PHU) of Kahayan,
Sebangau River, Pulang Pisau Regency, Central
Kalimantan Province. In this research, the location
is divided into four sites: site 1 (2° 28’55.04 “ S and
114° 7'15.13” E), site 2 (2° 21  6.18 “S and 114 °
2’'6.77” E), site 3 (2° 21'8.25” S and 114° 5'29.86”
E), and site 4 (2° 22°48.05 “ S and 114° 9'4.70 “ E).
These sites are presented in Fig. 1.

The study sites are located + 7-25 m above
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Fig. 1: Geographic location of the study area in the Kahayan Sebangau Peat Hydrology Unit in Indonesia.

sea level, and their topography is flat, with slopes
between 0 and 8%. The soil of the study sites include
Tropochemist, Troposaprist, and Tropofibrist/Saprik
Peat, which continuously rot and are made of old
alluvium materials. The stone components including
clay, silt, gravel, plant debris, and sand are dark
brown to black, and when they are squeezed, their
fiber content is less than 15% (Soil Survey Staff,
2014). For an illustration of the study methodology
from preparation until data analysis, a flow diagram
for the overall methodology in this study is shown
in Fig. 2. The approach used in this research was a
field survey, which was then analyzed quantitatively
using a statistical approach. The study used primary
data and a number of relevant secondary data. The
primary data consist of measurement data for the
forest stand parameters, namely diameter, height,
and species obtained through measurements on an
observation plot.

Survey and sampling designs

The vegetation diversity and carbon stock were
analyzed on sample sites from peat domes to shallow
peats. The study used stratified random sampling
in the research design. The research location was
stratified by peat category, namely shallow peat
(edge), between shallow and peat dome, and peat
dome. Then, the sampling plots were determined
randomly for each stratum in several classes of
peat depth based on the peat depth map issued
by the Peatland Restoration Agency. In each of the
shallow peat and peat dome strata, 10 observation
plots were made, while between the shallow peat
and peat dome, 20 observation plots were made.
Site 1 was at a peat depth < 50cm (shallow peat),
and then, 2 sites are shallow peat to peat domes,
namely site 2 (393-478 m) and site 3 (479 — 564 m),
while site 4 was a peat dome with a depth of 565 —
649 m (Fig. 1). The sample unit was a square with
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Fig. 2: Flow diagram for the overall methodology

a size of 20 m x 20 m (0.04 ha) and nested with a
different size plot for different growth stages. The
plots were repeated ten times at each site. A plot of
20 m x 20 m was established for the tree inventory,
a plot of 5 m x 5 m for the sapling inventory, and a
plot of 2 m x 2 m for seedlings inventory (Haryadi et
al., 2019). These plots are presented in Fig. 3. This
study employed a global positioning system (GPS)
to measure devices, tape diameters, plastic ropes,
tree height measurement tools, and herbarium tool
kits. The diameters, height, and species of all trees

and saplings were recorded, while species’ numbers
and names were recorded for seedlings. These
kinds of materials were sampled and identified
at the Herbarium Laboratory of Forest Research
and Development Center, Bogor. The criteria for
tree, sapling, and seedling are as follows (Mansur
and Kartawinata, 2017). The trees’ diameter was
1.3 m >10 cm at breast height. If they contained a
buttress, the diameter was measured 20 cm above
the buttress. Those criteria were recorded in the
plot size of 20 m x 20 m (Afzanizam et al., 2019).
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Saplings, namely natural regeneration with a height
of > 1.5 m to a young tree with a diameter <10 cm,
were recorded in a plot size of 5 m x 5 m. Seedlings,
natural regeneration from sprouts to <1.5 m high,
were recorded in a plot size of 2m x 2m (Haryadi et
al., 2019).

Estimating peat depth

The peat depth information was obtained based
on the peat depth map issued by the Peatland
Restoration Agency. The plot coordinates from the
survey determined using GPS were then overlaid
with a peat depth map to determine the peat depth
in the plot observation. The peat depth map was
generated from sampling measurements of the peat
depth in the field. The peat depth was estimated
using peat auger until the mineral soil was reached.
The depth of peat was estimated from the length of
the peat auger (6 m extension rods plus sampler)
inserted into the mineral soil surface. When the
peat depth exceeded the length of the extension
rod, one meter was added to the measured depth.

Estimating biodiversity

Data of the vegetation analyses were calculated
to obtain values for relative frequency, relative
density, and relative dominance; they were then
summed into an index of importance value (Mueller-
Dombois and Ellenberg, 2016). The important value
index (IVl) and its components (relative density
(D,), relative frequency (F ), and relative dominance
(Dom,)) are shown in Egs. 1, 2, 3, and 4, respectively.

ni
DR =ﬁ100% (1)
F,= ZF;i 100% (2)

Dom, = % 100%
(3)

IVI=D,+F, +Dom, (4)

where ni is the number of individuals for a
species, N is the total number of individuals for all
species in the plot, Fi is the frequency of a species,
Gi is the total base area of a species, and G is the
total base area of all species.

The density of the trees describe the forest
structures from the diameter classes 0-10 cm, 10-
20 cm, 20-30 cm, and above 30 cm. The diversity
parameter consists of Shannon’s diversity index,
Simpson’s diversity index, Fisher’s alpha, Rarefied
species richness, and Pielou’s evenness; those
diversity parameters were calculated using R w.
3.6.3 (R Core Team, 2020). The diversity parameter
consists of Shannon’s diversity index, Simpson’s
diversity index, Fisher’s alpha index, Pielou’s
evenness index, and Rarefied species richness (R),
provided in Egs. 5, 6, 7, 8, and 9, respectively.

H'= —z;pilnpi (5)
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where H’ is Shannon’s diversity index, D is
Simpson’s diversity index, S is Fisher’s alpha index, e
is Pielou’s evenness index, R is the Rarefied species
richness, pi is the number of individuals for a species
over the total number of individuals, niis the number
of individuals for a species, N is the total number of
individuals, and S is the number of different species.

Non-metric multidimensional scaling (MDS)
with the vegan package was used to analyze the
response of plant species composition to peat depth
(Oksanen et al., 2019). To analyze whether species
composition, species richness, and species diversity
were statistically different among depth categories,
a multivariate permutation analysis of variance (n
= 1000) was performed using the vegan package.
Ordination was performed using a species matrix
containing several plant species in each plot, using
the default mono MDS function, which included the
double-Wisconsin square root transformation and
the Bray—Curtis difference index. The ordination
was presented graphically using the package ggplot
(Wickham, 2016), and a visual display of each plot
was color-coded based on the levels of each peat
depth.

Estimating carbon stock

The biomass of a live tree was estimated using
the allometric equations for mixed species of
Indonesian peat swamp forests using Eq. 10 (Manuri
etal, 2017).

Y= o.ossx((Dz)xHxWD)0'954 (10)
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where Y is the aboveground biomass (kg), D is
the diameter at breast height (cm), H is the height
(m), and WD is the wood density (g/cm?3).

The total aboveground tree biomass for each
plot was calculated by adding up all of the estimated
aboveground biomass values of each tree in the plot
expressed in Mega gram (Mg). The root biomass was
calculated using the allometric model using Eq. 11
(Niiyama et al., 2010).

Y =0.02186x D**’ (11)

where Y is the belowground biomass/roots (kg)
and D is the diameter at breast height (cm).

Carbon pools that are not measured directly
are thought to use the relationship between
aboveground tree biomass and other carbon pools
that have been developed from previous research.
The aboveground biomasses for understorey, litter,
and deadwood were estimated using the ratio to
aboveground biomass from previous research in
Central Kalimantan by Krisnawati et al. (2021). The
estimated ratio value of understorey biomass, litter,
and deadwood to aboveground tree biomasses
were 2.4%, 1.6%, and 18.5%, respectively.

The carbon contained in the aboveground
biomass was approximately 47% or Mg biomass =
0.47 Mg C (Manuri et al., 2017). In contrast, those in
the the roots were approximately 39% and 50% for
litter and deadwood. Carbon stocks in the organic
soil carbon pools (Mg C/ha) were calculated using a
fixed depth method, using Eq. 12.

Cpem =BDxhxC (12)

where BD is the peat bulk density (g/cm?3), h
is the peat depth (cm), and C is the peat carbon
content (%). The values of BD and carbon content
of peat at the research sites were 0.14 g/cm?® and
41.73%, respectively.

The total carbon in the peat swamp forests was
estimated as the amount of carbon aboveground
biomass, belowground biomass/roots, litter,
deadwood, and soil. Their values were equivalent
to the carbon dioxide values in the atmosphere by
multiplying the carbon stocks by a factor (44/12).
The depth categories, analysis of variance, and
comparison of mean values were performed
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Fig. 4: Number of trees per hectare (a), species (b), and family (c) at the study sites

to determine whether the carbon stocks were
statistically different.

Species composition

Vegetation observations were used to identify
the species and families of plants at the research
sites. The identification of plant species and families
at the research sites is presented in Fig. 4.

Fig. 4 shows that 23 families are in the forest
with a peat depth of 393-478 cm, dominated by
Lauraceae. Meanwhile, 28 families are in the forest
with a peat depth of 479-564 cm and with a peat

depth 565 — 649 cm, and 19 families are in
the forest with a peat depth <50. Myrtaceae
dominated all peat depths. The diverse species of
Lauraceae and Myrtaceae represent anthropogenic
disturbance and degraded, previously burnt, peat
swamp forests (Kalima et al., 2020). At the research
sites, the peat depths of 565-649 cm and 393-478
cm were dominated by Combretocarpus rotundatus
(Miq.) Danser (IVI = 66.85% and 89.80%), the peat
depths of 479-564 cm were dominated by Mezzettia
umbellata Becc. (IVI = 47.78%), and the peat depths
<50 cm were dominated by Macaranga pruinosa
(Mig.) Muell. Arg. (IVI = 58.31%). The species
potentially replacing future stands were sapling-
level stands, and the peat depths of 565-649 cm
were dominated by Angelesia splendens Korth.
(IVI = 24.99%) and Baccaurea polyneura Hook.f.
(IVI = 22.68%). The peat forests with 479-564 cm

were dominated by Mezzettia umbellata Becc. (IVI
= 67.23%) and Stemonurus scorpioides Becc. (IVI =
51.17%). Peat depths of 393-478 cm were dominated
by Combretocarpus rotundatus (Miq.) Danser (IVI =
40.20%) and Horsfieldia crassifolia (Hook. Fil. and
Thoms.) Warb. (IVI = 29.73%). The peat depth <50
cm was dominated by Tetramerista glabra Miq. (IVI
=120.19%) and Dyera polyphylla (Miq.) Steenis (IVI =
26.61%). These species, especially Combretocarpus
rotundatus (miqg.) Danser and anthropogenic
peat swamp fragmentations such as Callophyllum
inophyllum, indicated highly degraded forests due to
forest fires (Nelson et al., 2021; Astiani, 2016). The
peat depth significantly affected the peat swamp
forest species composition. The ordinance analysis
discovered a large difference among peat depths of
<50 cm, 393-<479 cm, 479-<565 cm, and > 565 cm.
The community composition among plots (points)
became less similar because their distance increases
stress by 0.15. These results are presented in Fig. 5.

Species richness, diversity, and evenness
Biodiversity plays several important roles in the
biosphere and is usually measured by proxy indexes
to reveal changes in ecosystems. A biodiversity
index is the simplest way to describe the richness
of biota and challenges ecologists to explain the
diversity of an area (Kusmana and Hikmat, 2015).
In its development, several indices can be used to
analyze an area’s biodiversity, such as the species
richness, rarefied richness index, Shannon index,
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Fig. 5: The non-metric multidimensional scaling (NMDS) plot for the composition of tree species at peat depths of <50 cm, 393-<479 cm,
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Table 1: F-values of multivariate diversity in different taxons and peat depths.

Species Genus Family
Diversity indexes
F-values Pr(>F) F-values Pr(>F) F-values Pr(>F)
Species richness 3.984 0.015* 3.79 0.0185* 3.041 0.0413*
Rarefied richness index 1.358 0.271 0.477 0.7 0.465 0.709
Shannon index 1.455 0.243 0.896 0.452 0.692 0.563
Simpson index 0.91 0.446 0.132 0.94 0.106 0.956
Fisher's alpha index 0.262 0.853 0.514 0.676 0.557 0.647
Pielou's evenness index 4.517 0.00866** 2.433 0.0808 2.144 0.112
Table 2: F-values of multivariate diversity at different growth stages and peat depths.
Trees Sapling Seedling
F-values Pr (>F) F-values Pr (>F) F-values Pr (>F)
Species richness 8.836 0.00016*** 5.04 0.00511** 2.275 0.097
Rarefied richness index 6.056 0.0019** 1.533 0.223 4.82 0.00651**
Shannon index 8.325 0.000246*** 4.388 0.00989** 2.578 0.0692
Simpson index 5.407 0.00356** 3.452 0.0264* 3.325 0.0307*
Fisher’s alpha index 1 0.404 0.667 0.578 1.568 0.214
Pielou's evenness index 6.884 0.000879*** 0.473 0.703 0.957 0.425
Table 3: Nutrient availabilities at various peat depths.
Peat Distance
No. depths from rivers Nutrient availability
Ash
(cm) (m) content (%)
Mg Ca K P C-organic
mg/100 g mg/100 g mg/100 g mg/100 g (%)
1 <50 <200 5.13 9.60 6.01 1.83 41.15 20.91
2 393-478 2800 - 3000 1.68 0.39 0.14 0.33 51.37 1.26
479 —
3 564 400 - 600 1.65 0.50 0.15 0.34 51.52 1.00
565 —
4 649 1000 - 1600 1.86 0.62 0.15 0.35 51.61 0.80

Simpson index, Fisher’s alpha index, and Pielou’s
evenness index. The biota diversity at the research
sites is presented in Fig. 6.

Generally, Fig. 6 and further variant analyses
discovered that peat depths had significantly
different species richness index, and the Pielou’s
evenness index was significantly different (Table
1). Vegetation diversity at the tree, sapling, and

seedling levels of the peat depths was significantly
different (Table 2). This difference showed that
the peat depths of various nutrient contents and
distances from the river (Table 3) influenced the
diversity of vegetation at the tree, sapling, and
seedling levels, and that condition makes vegetation
more adaptable (Minayeva et al., 2017). The
distance from the river affects the role of hydrology,
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which is related to the flow of water to peatlands. In
this study, the furthest distance of a plot from the
river was 3000 m, and still, it obtained water flow
from the river. Pages et al. (1999) stated that the
peat gradient in a peatland distance from the river
< 5500 m in the Sebangau Peatland Forest, Central
Kalimantan, still allows the flow of water from the
river to the peatland to run well. The water supply
from this river carries the river’s alluvial soil deposits
along with seeds that allow various types of plants
to grow so that it increases vegetation diversity, the
growth of biomass, and carbon stock (Aravind et al.,
2015). The continuity in the water flow allows the
thickness of the peat as well as the peat mass to
be maintained properly. The relationship between
hydrology, vegetation composition, and peat depth
is closely related to restoration efforts. The study by
Schulte et al. (2019) reinforced the assumption that,
the wetter the peat, the deeper the peat thickness.
In addition, during the rainy season, peatland also
receives river floodwater containing dissolved
nutrient components. The nutrient content provides
nutrient inputs for vegetation development from
seedling to the tree levels. This condition agrees with
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the results of the research by Astiani et al. (2016),
stating that various responses to the local gradients
in hydrology, nutrient availability, and peat depths
affect vegetation changes. This evidence strengthens
the research results of Page et al. (1999), confirming
that peat thickness could not directly affect the
vegetation dynamic. The vegetation changes were
influenced directly by changing other characteristics
of peat hydrology, peat chemistry, and peat organic
matter (Morton and Heinemeyer, 2019). The
research sites have various nutrient availabilities
according to the peat depths, as shown in Table 3.
The decreasing contents of Mg, Ca, K, and P at
deeper peat depths are associated with alluvial mineral
soil deposits from the river. A peat depth <50 m has a
river distance of < 200 meters, and a mixture of many
alluvial soils at the peat depth is assumed as the ash
content is higher. The peat depth < 50 cm has an ash
content of 20.91%, declining to 0.80% at a depth of
565 — 649 cm. In contrast, the smaller the ash content,
the higher the organic Cin the deeper peat depth. This
fact is in line with the findings of Page et al. (1999) in
the Sebangau Peatland Forest, where the contents of
Mg, Ca, K, and P decreases with deeper peat depths.
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Height distributions of stands at peat depths of <50 cm (a), 393-<479 cm (b), 479-<565 c¢cm (c), and 2565 cm (d) (error bars represent

std. errors of means).
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Stand structure and regeneration

Forest stand structures constitute the
distribution of individual plants in the crown layer
and can be illustrated as the tree distribution in
each area with various diameters (Laumonier et al.,
2010). The canopy structure and vertical distribution
are significant components of the dynamics of a
forest ecosystem and appropriate habitat. Various

vegetation structures indicate that they are
interdependent with peat thickness and related to
the physical, chemical, and hydrological properties
of peat conditions. Fig. 7 shows the distribution of
the vegetation canopy height at several peat depths.

The dominant species were Combretocarpus
rotundatus, Cratoxylum glaucum, Syzygium spp.,
Tristaniopsis sp., and Calophyllum sp, as shown

Table 4: Dominant trees by height at the research sites

Peat depth and tree species

Tree
height Peat depth 565-649 cm Peat depth 479-564 cm Peat depctr:393-478 Peat depth <50 cm
(m)
Callophill
Combretocarpus rotundatus arioparium Shorea teysmanniana
>20 Syzygium zeylanicum sclerophyllum Horsfieldia crassifolia -
yzye y Mezzetia umbellate
Horsﬁe/(.:ha lrya/kurnpang . Shorea teysmanniana Combretocarpus
Syzygium zeylanicum Mezzetia umbellate Combretocarpus
>15 . . rotundatus
Diospyros borneensis rotundatus . .
Syzygium zeylanicum
I
Calophyllum sclerophyllum Shorea teysmanniana Camp (nosperma Cratoxylum glaucum
>10 . coriaceum Maclurodendron
Lithocarpus dasystachyus Gonystylus bancanus
Cratoxylum glaucum porter
Garcinia bancana .
Combretocarpus rotundatus Dyera polyphylla Tetramerista glabra
<10 ) Combretocarpus .
Litsea sp. Gonystylus bancanus Macaranga pruinosa
rotundatus
Table 5: Dominant trees by diameter at the research sites
Peat depth and tree species
Diameter
class (cm) Peat depth 565-649 cm Peat depth 479-564 cm Peat depth 393-478 cm Peat depth <50 cm
Combretocarpus Macaranga
10-19 rotundatus Mezzetia umbellate Combretocarpus rotundatus pruinosa
Xylopia fusca Stemonurus scorpioides Cratoxylum glaucum Tetramerista
glabra
Callophillum Macaranga
. Cratoxylum glaucum .
sclerophyllum Mezzetia 5Smbellate pruinosa
20-29 Combretocarpus rotundatus
Baccaurea polyneura Gonystylus bancanus Melaleuca
Hook.f. leucadendra
. . Mezzetia umbellate Combretocarpus
Syzygium zeylanicum ) Combretocarpus rotundatus
30-39 Litsea s Callophillum Cratoxvium alaucum rotundatus
P sclerophyllum yium g Eugenia paludosa
Combretocarpus Combretocarpus Shorea teysmanniana
40-49 rotundatus rotundatus Maclurodendron umbellate Dyera polyphylla
Shorea smithiana Horsfieldia crassifolia
Combretocarpus Combretocarpus
rotundatus .
>50 rotundatus . Garcinia bancanus -
Litsea s Callophillum
P sclerophyllum
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Fig. 8: Diameter distributions of stands at the peat depths of <50 cm, 393-<479 cm, 479-<565 cm, and =565 cm

in Tables 4 and 5. The presence of those species
show that the studied area is a disturbed/degraded
peat swamp forest (Graham and Page, 2014).
The presence of Shorea, Eugenia, Calophyllum,
Tetramerista, Gonystylus, and Diospyros indicated
that the forest in this area is a mixed peat swamp
forest. The pioneer species in the studied area
are native species. Therefore, they can be used to
restore degraded peat swamp forests, such as Shorea
teysmannia. The density distribution according to
diameter could describe the vegetation structures,
as shown in Fig. 8. The distribution of diameters also
showed whether the forest regeneration process
was running normally or disturbed because the
trees had different abilities in utilizing solar energy,
nutrients, minerals, and water as well as in natural
competition. Consequently, the trees in the forest
stand had various diameters and the forest stand
structures at the study location were generally
dominated by Combretocarpus rotundatus and
Mezzetia umbellate.

In natural forests, the small diameter class is
more dominant than the large diameter class.
Species such as Combretocarpus rotundatus and
Mezzetia umbellate have a wide and dominant
distribution until the peat depth of 649 cm.
Similarly, the Combretocarpus rotundatus species
is the dominant species in Central and East
Kalimantan and in West Kalimantan in peatlands
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after fires; thus, this species can be used to enrich,
rehabilitate, and restore peatlands. Combretocarpus
rotundatus species can grow in peat depths of up
to 10 m and is the main species that grows on the
peat swamplands of Kalimantan (Qirom and Lestari,
2016). Regeneration is an organism’s mechanism
for maintaining and continuing its presence, and
forest stands are reflected by complete profiles of
individuals along with a gradient of diameters from
seedlings to trees, with the largest diameter. The
dominant species of complete plant regeneration,
presented in each stratum of trees, saplings, and
seedlings, are presented in Table 6.

The species present are strongly affected by their
place of growth, including peat depths. Table 6 shows
different types of plants at each peat depth and their
regeneration. The tree species Combretocarpus
rotundatus (Miq.) Danser, Maclurodendron porteri
(Hook. f.) T.G. Hartley, Tetramestra glabra Miq, and
Horsfieldia irya (Gaertn.) Warb. had high survival
rates and growth in a peat depth of <50 cm.

Biomass and carbon stock

Important carbon pools of forest ecosystems
include biomass, dead organic matter, and soil
organic matter. A credible approach to calculating
changes in biomass and carbon stock is to consider
all relevant carbon pools, including AGB, BGB
(roots), DOM (deadwood), litter, and soil (Lepotin



Table 6: Tree species with complete regeneration at the research sites.

VI (%)
Location/sites . Family
Botanical names Seedlings Saplings Trees
Peat depths of
565-649 cm
1 Horsfieldia sp. Myristicaceae 6.28 32.96 13.94
) Horsfieldia irya (Gaertn.) Warb. Myristicaceae 15.44 12.34 33.06
3 Syzygium zeylanicum (L.) DC. Myrtaceae 10.56 10.65 10.83
Peat depth 479-
564 cm
1 Syzygium zeylanicum (L.) DC. Myrtaceae 31.42 14.98 2.29
Peat depth 393-
478 cm
1 Garcinia bancana (Mig.) Mig./Manggis Clusiaceae 14.15 11.69 10.51
Hutan
) Horsfieldia crassifolia (Hook. fil. and Myristicaceae 834 29.73 20.15
Thoms.) Warb.
Campnosperma coriaceum (Jack) Hallier .
3 Anacardiaceae 3.54 8.92
f. 21.83
Peat depth <50
cm
Combretocarpus rotundatus (Miq.) )
1 Danser Anisophylleaceae 8.76 24.99 41.03
Maclurodendron porteri (Hook. f.) T.G.
2 Hartley Rutaceae 12.76 1858 39.60
3 Tetramerista glabra Miq. Tetrameristaceae 23.94 12019 37.84
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Fig. 9: Profiles of ecosystems of carbon stock at different peat depths.
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Table 7: Carbon stock (Mg C/ha) in each carbon pool at different peat depths.

Peat Depth AGB BGB Litter CWD Peat
(cm) (Mg C/ha) (Mg C/ha) (Mg C/ha) (Mg C/ha) (Mg C/ha)
<50 42.4+7.05 9.8+1.78 0.7+0.12 8.2+1.35 146.1+0
393-<479 73.7£7.93 12.3+1.45 1.2+0.13 14.2+1.52 2642.4+19.78
479-<565 95.2+19.52 1945.74 1.6+0.32 18.3+3.75 2894.2+2.49
>=565 79.2+17.41 10£2.18 1.3+0.29 15.2+3.35 3317.8+11.03

*Values in means, + se

et al., 2019). The carbon stock profiles at various
peat depths of the research sites are presented in
Fig. 9. The contributions to the carbon pools from
peat include the peat swamp forests’ carbon stock,
71-97%; that from AGB, 2-20%; and those from the
roots, litter, and deadwood, the remainder. Roots
and deadwood significantly contributed to shallow
peat (<50 cm), by 4-5%. In general, the carbon stock
in peats and at peat depths increased, and this
condition impacted the diversity of carbon pools
contributing to the carbon stock ecosystems. Novita
et al. (2020) investigated peat swamp forests in
Tanjung Putting, Central Kalimantan, and found the
C stock total to be 1038 Mg C/ha at the Pesalat site
(peat depth = 155 cm) and 2502 Mg C/ha in Beguruh
(peat depth = 290 cm). The average amount of
carbon stock in each carbon pool at various peat
depths in KHG Kahayan, Sebangau, is presented in
Table 7.

The highest carbon stock in the AGB carbon pool
was found at a peat depth of 479-<565 cm (95.2 +
19.52 Mg C/ha). In contrast, the smallest was found
at a peat depth of <50cm (42.4 + 7.05 Mg C /ha).
However, the one-way ANOVA analysis showed that
peat depths did not significantly affect the carbon
stock in the AGB carbon pool (F-  =2.4498, P-
= 0.0793). The amount of carbon stock in AGB was
influenced by the basal area of the stands that make
up the ecosystems and had a basal area ranging
from 18.6 to 32 m?/ha. This study found that the
carbon stock estimation of the AGB carbon pool
was slightly lower than that of Krisnawati et al.
(2021), who investigated the same KHG location.
Krisnawati et al. (2021) reported that the carbon
stock of the AGB carbon pool in primary peat swamp
forests in Tumbang Nusa was 105.5-125.7 Mg C/ha.
Meanwhile, the secondary forest was affected by the
frequency of fires and logging, and the secondary
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length of undisturbed forests was 79.9-126.9 Mg C/
ha. The carbon stocks in other carbon pools, besides
peats, insignificantly contribute to the carbon stock
ecosystem. The belowground biomass/roots carbon
pools have the highest carbon stocks, 19+5.74 Mg
C/ha, at a peat depth of 479-<565 cm. The carbon
pools for litter and CWD were 1.6+0.32 Mg C/ha
and 18.313.75 Mg C/ha, respectively. Generally,
the smallest carbon stock was found in thin peat
depths <50cm. Relatively deep peat with a high
concentration of C produced a high soil carbon stock,
while shallow peat depths with alower concentration
of C produced a lower soil carbon stock of C. This
finding shows the importance of considering peat
depths and utilizing peat swamp forests. Deeper
peats produced higher carbon stocks. The risk of
exploitation occurred because carbon stocks were
potentially released. A peat dome is a critical area
that must be protected because it has the largest
carbon stock, and this study found more than 3000
Mg C hain these areas.

Connection between vegetation diversity, carbon
stock, and peat depth

The deeper the peat, the greater the diversity of
vegetationand carbon stock. Deeper peats make peat
vegetation grow optimally because those plants will
have greater adaptation. Shallow peat is dominated
by shrubs so the vegetation is less diverse and the
carbon stock value is smaller. On the other hand,
plants that grow optimally on deeper peats produce
higher carbon stock values than shallow peat. The
connection between vegetation diversity, carbon
stock, and peat depth assessed through Pearson
correlation values between those parameters is
shown in Table 8. All correlation values between
peat depth, vegetation diversity, and carbon stock
are positive with each other. This shows that peat



Table 8: Pearson correlation values between peat depth, vegetation diversity, and carbon stock.

Depth  Car-bon stock Species Shannon Simpson Rgreﬂed Fisher’s Pielou’s

Parameter (cm) (Mg C/ha) richness index index richness alpha evenness

g index index index
Depth (cm) 1 0.994" 0.449" 0.424" 0.372" 0.332" 0.084 0.127
Carbon
stock (Mg 1 0.485" 0.451" 0.390" 0.339" 0.063 0.129
C/ha)
Species 1 0.915™ 0.763" 0.662" 0.037 0.437"
richness
shannon 1 0.953" 0.901" 0,074 0.741"
index
Simpson 1 0.975" 0.121 0.846"
index
Rarefied
richness 1 0.237 0.907™"
index
Fisher’s
alpha index ! 0.223
Pielou's
evenness 1
index

* Correlation is significant at the 0.05 level (two-tailed).
** Correlation is significant at the 0.01 level (two-tailed).

depth, vegetation diversity, and carbon stock are
interdependent and connected to one another. In
this study, a peat depth that is maintained properly
is one of the ecological characteristics that has an
important role in ensuring the sustainability of
biodiversity as well as carbon stock. In maintaining
peatland forests in good condition, protecting and
conserving carbon stock and its ecosystem structure,
including biodiversity and peat depth conditions,
is necessary. This is confirmed by the results of
research by Kareksela et al. (2015), which states
that the recovery of conditions for increasing carbon
stock/sequestration and ecosystem structure is very
necessary in order to support restoration activities.

Implications for conservation

The landscape of peat swamp forests is fragile.
The slightest disturbance in vegetation and
hydrology can have an adverse effect (Anshari,
2021). The peat swamp forest ecosystem is currently
facing threats from forest exploitation and use for
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cultivation. The exploitation and conversion of
peat swamp forests can increase carbon emissions
into the atmosphere. Therefore, carefully utilizing
peat swamps, for example, to develop food estates
extensively, is necessary. Besides preventing
recurring peat swamp fires and avoiding bigger
disasters, the Indonesian government has set a
moratorium on peat swamp forest exploitation
and designated peat swamp forests as protected
areas. Moreover, the government has issued various
regulations to improve peat governance through
the implementation of rewetting, revegetation,
revitalization of local livelihoods, and institutional
strengthening to achieve peatland sustainability
(Yuwati et al., 2021). This study shows that the
Kahayan-Sebangau landscape has secondary peat
swamp forest vegetation that also need to be
regulated before sustainability can be achieved. Of
the four observation plots at different peat depths,
some areas still have good vegetation and need
to be maintained as protected areas, especially



peats with depths of four and six meters. A heavily
degraded area is indicated by low species diversity
due to frequent fires or intensive use and can be
rehabilitated. Peatlands can be rehabilitated by
revegetating or replanting, conducting silviculture,
creating agroforestry, enriching species, rewetting,
and building dams in fire-prone areas (Yuwati et al.,
2021), whereas heavily degraded peatlands must be
restored. The alternative is to rehabilitate degraded
shallow peatlands and to develop productive
agricultural cultivation through recommended
paludiculture techniques (Triadi, 2020). In selecting
the species, the dominant species around the area
or local species with a high index value must be
considered to successfully grow and quickly adapt
to the local environment. Using local species for
peat rehabilitation and restoration can be promoted
due to similar benefits, especially in biodiversity and
ecosystem services (Lof et al., 2019). To improve an
environment’s sustainability, the degraded areas
of peatland need to be restored with types of
vegetation that are suitable for each peat depth as
well as improved hydrology condition by maintaining
ground water level as height as the ground level and
can store/absorb of carbon. Carbon stock can be
improved by maintaining plant diversity and planting
native plant species. Paludiculture is an alternative
solution for sustainable peatland management. The
types of species that are suitable for peatland can
be seen in areas that have not been degraded. To
maintain these areas, especially medium peat depth
and peat dome areas, they need to be protected.
Restoring heavily damaged peat can maintain
and save biodiversity, reduce emissions, increase
carbon sequestration, and improve people’s living
standards.

irya (Gaertn.) Warb. had high survival rates and
grew at a peat depth of <50 cm. Those species could
be used for rehabilitation in degraded peatland
forest as pioneer species. The presence of Shorea,
Eugenia, Calophyllum, Tetramerista, Gonystylus,
and Diospyros indicated that the forest in a certain
area was a mixed peat swamp forest. In addition,
the highest carbon stock was 95.2 £19.52 Mg C/ha,
found at a peat depth of 479-564 cm and a vegetation
diameter of 210 cm. The study results confirmed
that peat thickness could not directly affect the
vegetation dynamic in terms of vegetation diversity.
The vegetation changes were influenced directly by
changing other characteristics of peat hydrology,
peat chemistry, and peat organic matter. All Pearson
correlation values between peat depth, vegetation
diversity, and carbon stock are positive with each
other. This shows that peat depth, vegetation
diversity, and carbon stock are interdependent and
are connected with one another. The deeper the
peat, the greater the diversity of vegetation and
carbon stock. Deeper peats make peat vegetation
grow optimally because those plants have higher
adaptation levels. The diverse vegetation as well as
carbon stock in peatland forests must be conserved
to maximize the environmental services they provide
humans in the future. Therefore, protecting this
forest from unsustainable use, encroachment, and
forest fires is necessary. The connection between
vegetation diversity, carbon stock, and peat depth
can be applied as indicators of whether to protect
or rehabilitate peatland forests. With high diversity,
high carbon stock, and deeper peatlands, protection
efforts are needed. However, with low diversity, low
carbon stock, and shallow peatland, rehabilitation
efforts are needed.

The diverse vegetation at the tree, sapling,
and seedling levels and the species richness of
the peat depths were significantly different due to
the various nutrient contents and distances from
the river. This study revealed several species with
various peat depths: 20 species with a peat depth
of 565 cm, 28 species with 479-<565 cm, 32 species
with 393-<479 cm, and 19 species with <50 cm. The
tree species Combretocarpus rotundatus (Miq.)
Danser, Maclurodendron porteri (Hook. f) T.G.
Hartley, Tetramestra glabra Miq, and Horsfieldia
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A solar panel is a device that converts solar rays into
electricity. It is a step to reduce emissions from fossil energy, which is to replace it with
renewable energy. It requires a control system to ensure that the position of the solar panel is
always perpendicular to the sun’s rays. This study aims to modify the fuzzy set based on fuzzy
entropy in the control system that has been developed. The modifications made are expected
to increase the efficiency of solar panels in harvesting energy.

Type Il fuzzy sliding mode control is used, along with a modified fuzzy set based
on the entropy value. Before modification, the system containing the fuzzy set generates a
histogram of entropy and voltage performance, which is the initial value and the comparison
value. The algorithm alters the footprint of the uncertainty limit. This change results in a new
fuzzy set, which results in a new histogram and voltage. The final step is to compare the initial
and final parameters based on the results of the modifications.

The solar panels require only 7.3x10-5 degrees of movement per second. This is
a very slow movement for a dc motor with a maximum voltage of 12 volts. The simulation
produced a stable speed of 7.297x10-5 on the unmodified system and 7.295x10-5 on the
modified system. The modified system experiences a slight delay towards the stable point
because the fuzzy entropy method reduces the dominance of set point positions in the
system.

The modified fuzzy set is good at controlling the solar panel driving motor
based on the output voltage value. On both controllers under consideration, the voltages
follow the same pattern. However, it experienced a control mismatch at the point towards the
set point. Finally, by changing the foot of uncertainty and adjusting it proportionally according
to control needs, the control system based on fuzzy sets with fuzzy entropy can be further
developed.

©2022 GJESM. All rights reserved.

NUMBER OF REFERENCES

NUMBER OF FIGURES NUMBER OF TABLES

*Corresponding Author:

Email: marwan.math@unsyiah.ac.id

Phone: +62 813-9766-8376
ORCID: 0000-0003-1225-9063

Note: Discussion period for this manuscript open until October 1, 2022 on GJESM website at the “Show Article”.


https://www.gjesm.net/ 

Renewable energy-based power generation has
the potential to reduce greenhouse gas emissions.
Subsidizing the tariffs imposed on renewable energy
can encourage energy generation, which leads to
job creation through renewable energy generation.
Renewable energy sources are very promising in
Nigeria, Cameroon, Ghana, and South Africa, but
government interest and policies are still low (lbrahim
et al., 2021; Akinbami et al., 2021). Governments
in the former Soviet bloc play an active role in their
renewable energy policies, including revising existing
market-based instruments by imposing feed-in
tariffs and offering tax incentives for renewable
energy projects (Karatayev et al., 2021). The use of
renewable energy has become a separate issue in
some countries, namely the rise in electricity costs.
In Guatemala, more than a third of urban housing
could see an increase in monthly energy expenditure
(Henry et al., 2021). The Indonesian government’s
goal is to increase the use of renewable energy in the
National Energy Mix by 23% by 2025. This statement
is found in Government Regulation No. 79 of 2014,
which relates to National Energy Policy. Indonesia is
expected to be able to use 31% renewable energy
by 2050 (Rahman et al., 2021). Solar energy is one
type of renewable energy that is readily available in
Indonesia. Indonesia’s geographical location at the
equator is one of the factors assisting in meeting the
country’s renewable energy targets. In Indonesia,
the average intensity of solar radiation is quite
high, around 4.8 kWh/m? per day (lkhwan et al.,
2019). The development of solar energy harvesting
technology has resulted in a reduction in carbon
dioxide emissions. The operation of the Mohammed
bin Rashid Al Maktoum Solar Park in Dubai has saved
6.5 million tonnes of carbon dioxide equivalent, and
this plant is expected to rise once all phases are
completed and operational (Obaideen et al., 2021).
The control system on the solar panel drive system
is being researched to ensure that the angle of the
solar panel is facing the direction of the sun’s rays.
Many active and passive methods have been tried,
but there is still a significant gap in the accuracy of
the solar panel angle. The angle of incidence of
sunlight on a sun tracker is known to be nearly equal
to the active method (Sharma and Rohilla, 2021). This
accuracy is affected by the light dependent resistor
light sensor on the solar panel (Stefenon et al., 2020).
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The passive drive system relies on the hypothesis that
is built, so the set point approach is considered the
most appropriate way to determine tracking accuracy.
A fairly good approach at the set point can increase
the amount of energy absorbed from solar radiation
by 35.91% to 45.45% from systems that do not have
controllers (Ayamolowo et al., 2021). The application
of a modified fuzzy system with a sliding surface
yielded a very small error value (Ghiasi et al., 2017).
The addition of entropy value to fuzzy sets is a novel
development in the production of control systems.
The updated control system considers the difference
in light intensity obtained as well as the timeliness
of the setting. The system automatically returns the
solar panel’s position to face the sun. The energy
absorbed by the solar panel can be maximized by
keeping the angle facing the solar panel. This system
can be used in other units that require precise sun
positioning, such as navigation and location. Solar
panels, which are currently being mass-produced,
are used in the solar energy harvesting process. The
solar tracking system ensures that the solar panels
receive sunlight. Another study was successful in
comparing proportional, integral and derivative (PID)
and Type Il fuzzy sliding mode control (T2FSMC)
and producing data on the angular position of the
motor based on constant angular speed (Mardlijah
etal., 2017). T2FSMC has many advantages, including
good control performance with a wide range of
parameters and a faster response time (Hamzaoui
and Al-Khazraji, 2011). T2FSMC was implemented
on a one-axis sun tracker by Mardlijah et al. (2018),
who used the firefly algorithm for optimization. The
T2FSMC development method is proposed in this
study, but it has the limitation of forming fuzzy sets
(Mardlijah et al., 2019). The T2FSMC method uses
the fuzzy entropy type Il (hereinafter referred to as
fuzzy entropy) metaheuristic algorithm described
by Oliva et al. (2019). Fuzzy entropy seeks the best
value for each fuzzy set used to control solar panels.
Fuzzy entropy is known as a physical concept of a
vulnerability assessment model based on pattern
recognition. Fuzzy entropy is clearer, and the
evaluation results are reasonable and credible (Zhou
et al., 2022). At the Equator, a local control system
was developed during the first year. Within one
degree of freedom, the control system follows the
direction of motion. The assumption is that the sun’s
motion follows an angle ranging from 0° to 180° circle



angles. Previously, research on the solar panel drive
system was conducted using one axis and two axes of
the sun’s movement. However, there is still an angle
error between the solar panel and the sun in these
studies, which reduces the efficiency of solar energy
absorption. This research proposes a new control
system to improve the error performance between
the sun’s angle and the angle of the solar panel. Fuzzy
Type-Il Entropy Sliding Mode Control (T2FESMC) was
developed. This method evolved from the FSMC
and T2FSMC methods. In the previous control, the
entropy value was used as an element of optimizing
fuzzy sets in this study. This study is simulated at the
Modeling and Simulation Laboratory, Department
of Mathematics, Syiah Kuala University, Indonesia in
2021.

The investigation begins with determining the
reference angle, which is followed by the output of
the control system. The control system began with
SMC control and evolved into T2FSMC and T2FESMC.
To determine the error value between the angle of
the solar panel and the angle of the sun, simulations
are run. System validation employs an integral time
absolute error (ITAE) statistical measurement tool to
detect and correct errors.

The reference angles

The reference angle is the angle of movement of
the sun as seen from an object on the earth’s surface.
This angle is used as a reference to be followed by
the developed control system. The reference angle is
calculated using two methods: sensors and models.
Because the focus of this study is on the model as a
basis for control, no sensor data is required. Divide
the semicircle by the amount of time the sun has
moved to get the angular motion of one axis using
Egs. 1 and 2.

0<60<r (1)
=" _727x10%rad /s 2)
12 hours

Where, @ in radians represents the sun’s angle
of movement and @ is the angular velocity of the
reference being followed.

Fuzzy entropy

The application of fuzzy entropy type Il can be seen
in maximizing the entropy value for each possible
fuzzy set which is formulated using Eq. 3 (Oliva et al.,
2019), and Egs. 4 and 5 (Zamri and Abdullah, 2013).

nl+1
max Ife, (FOU) ZFek )

Where;
Al i (),
par B
NERCSORS O]
b (4)
k={1,...,nl+1}

L-1

P = (h *( hz;,h /U/lcw( ))),k:{l,...,nl} (5)

i=0

By maximizing the total entropy, the value of each
footprint of uncertainty becomes the solution using
Eq. 2.

T2FESMC

The T2FESMC system is made up of three systems:
sliding mode control (SMC), type Il fuzzy (T2F), and
type Il fuzzy entropy (T2FE). SMC has long been
recognized as an excellent controller for systems with
uncertain values, such as solar panel models (Kchaou
et al., 2017). The SMC variable for fuzzy type Il has
the value using Eq. 6.

e+l
S, :ﬁ; and d = [|¢[* - 5 (6)

The use of SMC also has a good effect on research
that uses the error value e and its derivative e as a
variable that determines the amount of voltage to
follow the sun’s reference angle (Abadi et al., 2015;
2020). The values of S, and d are then entered into
fuzzy type Il. Both of these variables can be measured
for each driving motor and the limits used can be
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Table 1: The “and” relation between S, and d parameters

d S NB NM NS NZ 74 PS PM NB
B PB PB PB PB NB NB NB NB
M PB PB PB PM NM NB NB NB
S PB PB PM PS NS NM NB NB
z PB PM PS PZ NZ NS NM NB
updated for different types of DC motors. S, anddare di (l‘) 1
connected by the relation in Table 1. =—(E(t)—Ri(l‘)—Kba)(t)) (8)
Where, NB = negative big, NM = negative medium, dt
NS = negative small, NZ = negative zero, PB = positive
big, PM = positive medium, PS = positive small, PZ = dw(t) _ 1 .
- ) =—(K,i(t)-B,o(t) (9)
positive zero. These rules are used to determine the dt J " f

range of membership functions S, and d. The next
step is to update the footprint value on the S, and
d variables by using entropy. Entropy is used for the
optimization method described in Eq. 2. Accordingly,
this method has been updated to T2FESMC which
contains optimizations in it.

Simulation and validation

Simulation is carried out at one reference angle or
the whole. However, in this study, the angular velocity
becomes the reference because the angle followed
changes with the same value every time. Any change
in the angle of the sun’s altitude must be followed
by the pitch angle of the solar panels. The angular
difference formed on the solar panel is referred to as
the angular error, while the unstable angular velocity
is referred to as the angular velocity error. The error
value is the difference between the angle of the
sun and the angle of the solar panel. Furthermore,
validation is carried out using Eq. 7 (Rao et al., 2020).

0
ITAE = [ t]e(t))dt 7)
1=0

Where, ITAE is integral time absolute error, the
value of e(t) is the difference y, danyy, y, is the angle
of the sun and vy is the external angle of the solar
panel with the amount of n in the simulation time
span t. If the ITAE value is very small, then the control
system has succeeded in following the sun, but on
the contrary, the MAE value is large enough, then the
control system is repaired again with a larger entropy
value. The value of y is obtained from the following
motor system using Egs. 8 and 9 (Ikhwan et al., 2018).
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Where, the parameters used in Eqs. 8 and 9 are
presented in Table 2.

Recent development and analysis

The development is «carried out using a
combination of methods that are robust against
existing disturbance conditions. A fuzzy logic
controller and sliding mode control system has
been introduced which is claimed to have robust
properties compared to high calculation methods
such as predictive control models. Mardlijah et al,,
(2017) and Mardlijah et al. (2018) evaluated T2FSMC
with two optimization methods, namely the firefly
algorithm and the bisection approach. Both of them
have small error values of 9.816x10° and 9.805x10°7,
respectively. Comparison of the two can be traced by
remaking the system and simulated fairly. The system
formed by the firefly algorithm is shown in Fig. 1.

Fig. 1 shows the fuzzy set used to control the solar
panels. The vertical axis represents the membership
function of the fuzzy set, while the horizontal
axis represents the input parameter S, in Fig.1(a),
parameter din Fig.1(b), and voltage output parameter
U in Fig. 1(c). In Fig. 1(a) and (b), the outputs of SMC
in the form of S, and d are categorized as linguistic
variables. The process continues by translating the
previous two images into fuzzy output, namely in
Fig. 1(c). The pre-set rules force two fuzzy sets for S,
and d to transform into voltage U. In this regulated
system, only the variable voltage U is able to change
the position of the solar panel so that it faces the
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Fig. 1: T2FSMC with firefly algorithm

sun. The translation failure in Fig. 1(c) causes errors gain magnifying parameter, which is set based on the
in the position and performance of the set of Fig. 1(a) smallest error value; it uses ITAE for this error value.
and (b) must be modified again. The system formed The modified new control is the combination that
in this control is not yet completely independent of produces the least ITAE. The novelty of this system
the firefly algorithm. It is because of the effect of the is the reduction in the steady-state error value, but
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the computations required are lengthy because it is This development, however, cannot be regarded as
dependent on the distance of the parameter range. the best combination. The performance of the fuzzy
The resulting ITAE has a minimum value of 9.816x10° combination must still be analyzed and compared to
> degrees and follows the sun’s position perfectly. the performance of other algorithm combinations.
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Fig. 2: T2FSMC with bisection algorithm
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Fig. 2 of the article reintroduces T2FSMC with a very
fair and simple algorithm.

The workings of Fig. 1 are also adopted for Fig.
2. In fuzzy set planning, the assumption used is a
proportional change in the entire system. Fig. 2
is made up of a fair distribution with the area of
each fuzzy set not being differentiated. This even
distribution is only seen as a set that can be enlarged
and shrunk as needed. Mardlijah et al. (2017)
measured and calculated both S, and d values in real
conditions, so that the two fuzzy sets in Fig. 2(a) and
Fig. 2(b) are not subject to the bisection algorithm.
The voltage output to the dc motor, however, is the
main focus. The solar panels require only 7.3x10°
degrees of movement per second. This is a very slow
movement for a dc motor with a maximum voltage
of 12 volts. It is important to note that if the voltage
value remains high, the system will be inefficient
and may even cause equipment damage. Starting
from the range of values [0.1], the article proposes
a reduction point using a bisection algorithm.
The obtained value is 0.00012, allowing the sun’s
position to be tracked smoothly. Furthermore, the
performance analysis of the two systems that have

05

m..mumummlnmwunm

Time (s)

been formed is carried out on the error values Sp, d,
and U. Figs. 3 and 4 are presented with a simulation
that is fair and in accordance with the output of
each algorithm.

Although the ITAE value is higher in the bisection
algorithm, Fig. 3 on the left is more accurate. This
is compared to the highest possible value for each
error. Both S and d have a similar shape but differ in
value to an accuracy of 1x107. Although the method
is the same, changes in the forming algorithm cause
the accuracy value to change. Fig. 4 output is not
significantly different from that of Fig. 3. The voltage
produced by the firefly algorithm is more stable and
lower in magnitude than the voltage produced by the
bisection algorithm. Previous research (Mardlijah et
al., 2013) with a trial-and-error method resulting in a
combination of fuzzy sets that direct the error value
to be close to NZ and PZ is the main cause of this
stable and small. That is, the other fuzzy sets have
MF=0 and have no effect on the system’s dynamics.
This supports the results of the firefly algorithm,
which show that the NZ and PZ areas are prioritized
beginning with the second iteration, namely S, and
d errors.

I

L L

0 2 4 B 8 10 12 1415
Time (s)

Fig. 3:S, and d error values on T2FSMC (the firefly algorithm (left side) and the bisection algorithm (right side))
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Fuzzy entropy analysis

The analysis was performed on the previously
discussed fuzzy set. This method has been modified
because feature extraction adjustments are required.
Fuzzy entropy can be used to calculate a new threshold
for dividing the gray histogram on a grayscale image.
The histogram division in the control problem, on the
other hand, is in different ranges, namely [0 7.3x10°
*] with stepsize 1x107. When the range is divided, a
minimum of 729 new histogram data are obtained,

g
Time (g)

(b)
Fig. 4: Voltage output on T2FSMC (a) firefly algorithm, (b) bisection algorithm
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which are included in Eq. (4) and Eq. (5). Prior to
optimizing the entropy value, a fuzzy inference system
was built to reference the histogram value h(i) and the
membership function of each histogram. Starting with
the previously discussed entropy value of T2FSMC, the
results are very satisfying, with the total fuzzy entropy
T, = 5.4x10°. This value denotes those irregularities
and uncertainties have values ranging from 5.4 to 12
Volts. Furthermore, the analysis is refined by gradually

incorporating the footprint of uncertainty into the
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Fig. 6: The number of histograms h(i) in the conversion range [0.73x10°] with stepsize 1x107

fuzzy set’s legs. Fig. 5 depicts the simulation results of
T2FSMC and T2FESMC after modification.

As a candidate control system, this system has
succeeded in simulating and controlling the solar
panel drive motor without using complicated
calculations and only based on fuzzy set adjustments.
The adjustment of the fuzzy set only takes two

397

iterations due to the decrease in the total fuzzy
entropy value which reaches 0.5x10°. The simulation
is designed with a stop if there is a decrease in the
total fuzzy entropy. The total fuzzy entropy obtained
in the final iteration is 4.95x10°. This simulation
generates a new histogram that can be analyzed. Fig.
6 explains that in the second iteration the total fuzzy
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Fig. 7: Output voltage

Table 2: DC motor system parameters (Mardlijah et al., 2018)

Parameter Symbol Value

Resistance R 18.2214 Q

Infuctance L 0.000866 Henry

emf constant K, 0.030941093 V/(rad/s)
back-emf constant K 0.030941093 N m/Ampere
Rotor inertia J 0.00009 Kg m?

Viscous friction coefficient Bt 0.000025 N m s

entropy value decreases due to the decrease in the
histogram close to the set point. This value is also
influenced by the number of histograms before the
peak. The T2FESMC is capable of matching histograms
at low to moderate angular velocities. However, at
high angular speeds, T2FESMC suffers from a lack of
histograms. The number of histograms for T2FSMC is
more than T2FESMC.

Reduction of the high value histogram on fuzzy
entropy treatment is caused by incompatibility with
the solar panel drive system. In the discussion of color
histograms in black and white images, the application
of fuzzy entropy is based on the dominant histogram
division in the image (Mahajan et al., 2021). The
threshold that is formed eliminates the minor
histogram by combining it with the nearby major
histogram. While several major histograms that are
close together, one of them is chosen to be the new
threshold. This is different from the way solar panels
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work, which tries to be at set points. At the beginning
of the simulation the position of the solar panels is
far from the set point, so the system considered is
a system that already has a major histogram at the
set point as discussed in the bisection method at the
beginning of this subsection. In this study, several
major histograms that are already near the set point
should produce a threshold that is at the set point.
The fuzzy entropy algorithm does not accommodate
this, so the set threshold is further from the set point.

The output voltage is the center of attention
because the results in Fig. 7 are very similar. In
addition to the decreasing fuzzy total value and the
relatively low number of histograms, performance
still has advantages in both systems. The fuzzy set
used succeeded in producing the same voltage for
both T2FSMC and the proposed system T2FESMC. The
dynamics shown also have a range that is not much
differentandin the sametrend. The resulting accuracy



is also quite good reaching 1x107 and better than in
Fig. 4. This voltage output can be used separately in
all types of solar panels with the same parameters
or close to the parameters in Table 2. In the end this
comparison produces two different voltage outputs
have the same trend so that the irregularities in the
simulation can be handled properly. This system can
also be digitized so that it can be easily applied to the
prototype by taking a larger stepsize for the resulting
voltage output.

The two previous control systems have been
compared with their fuzzy entropy values. Both
managed to control the solar panels according to
the direction of the sun’s rays. Although different
optimization methods, both systems are known as
former T2FSMC. Fuzzy entropy method is proposed to
optimize the former T2FSMC, hereinafter referred to
as T2FESMC. The results obtained are in accordance
with the control requirements with a similar trend
between the system that has been used and the
proposed system. Based on the angular velocity as
a set point, the modified fuzzy entropy lags slightly
compared to T2FSMC. T2FSMC is faster towards
the set point and then it oscillates slightly at steady
state. T2FESMC is a bit late, but still keeps pace with
T2FSMC. There is a slight change in the position of the
solar panels compared to T2FSMC. In fuzzy entropy
analysis, the total fuzzy entropy in T2FSMC is better
than T2FESMC. It is due to the missing histogram
division at values near the set point. Fuzzy entropy
has an algorithm to determine a new threshold so
that certain features can be eliminated. In this case,
T2FESMC obtains a threshold value which causes the
histogram to decrease near the set point value. In the
iteration process, this algorithm does not eliminate
histograms with large errors, but the histograms are
removed proportionally from small errors to large
errors. It means that the modification of fuzzy sets
with fuzzy entropy does not guarantee that a more
reliable control system will be obtained. The modified
fuzzy set is very good at controlling the solar panel
driving motor based on the generated voltage value.
Voltages follow the same pattern in both controllers
under consideration. The weakness of the modified
system is that the shot is not strong at the beginning
of the simulation, so the process to get to the set point
is slower. However, when compared to the former
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T2FSMC, the applied voltage is similar and is still in
a stable condition. Finally, the modification of the
control system based on fuzzy sets with fuzzy entropy
can be further developed by changing the foot of
uncertainty and adjusting it proportionally according
to control needs. A further challenge is the calculation
of the energy obtained from the modified system and
before the modification. Insignificant changes usually
have little effect on the results that can be obtained.
A faster computational process is also able to have
a positive impact on controlling solar panels, so that
the energy obtained can help substitute renewable
energy. The modified control system applies not only
to solar panels. The motor equation used in this study
can generally be used for all types of systems that use
a driving motor for solar tracking.

M. Ramli performed the literature review,
running the model, analyzed and interpreted the
data, prepared the manuscript text, and manuscript
edition. M. Mardlijah performed the literature review,
analyzed and interpreted the data, and manuscript
edition. M. Ikhwan performed the literature review,
prepared numerical code, prepared the manuscript
text, and manuscript edition. K. Umam performed
the literature review, analyzed and interpreted the
data, and manuscript edition. All authors agreed on
the final version of the manuscript.

This study is funded by Ministry of Education,
Culture, Research and Technology, Republic of
Indonesia in term of ‘Penelitian Dasar’, under contract
number: [20/UN11.2.1/PT.01.03/DPRM/2021].

The authors declare no potential conflict of
interest regarding the publication of this work. In
addition, the ethical issues including plagiarism,
informed consent, misconduct, data fabrication and,
or falsification, double publication and, or submission,
and redundancy have been completely witnessed by
the authors.

This article is licensed under a Creative Commons
Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and



reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons
license, and indicate if changes were made. The
images or other third party material in this article are
included in the article’s Creative Commons license,
unless indicated otherwise in a credit line to the
material. If material is not included in the article’s
Creative Commons license and your intended use is
not permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permission
directly from the copyright holder. To view a copy of
this license, visit:
http://creativecommons.org/licenses/by/4.0/

GJESM Publisher remains neutral with regard
to jurisdictional claims in published maps and
institutional afflictions.

% Percent
° Degrees (circle angles)
) Constant parameter
U Membership function
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E Error
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Eq /Egs. Equation
Fe, Fuzzy entropy on k index
Fig. Figure
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H Histogram
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ITAE Integral time absolute error
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SMC Sliding mode control
T, (¢) load torque (N-m)
T2F Type Il fuzzy
T2FE Type Il fuzzy entropy
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control


http://creativecommons.org/licenses/by/4.0/

T2FSMC Type Il fuzzy sliding mode control
Tfe, Total fuzzy entropy on k index
the external angle of the solar panel
f The angle of the sun
z Zero
Abadi, I.; Musyafa, A.; Soeprijanto, A., (2015). Design and

implementation of active two axes solar tracking system using
particle swarm optimization based fuzzy logic controller. Int.
Rev. Model. Simul., 8(6): 640-652 (13 pages).

Abadi, I.; Uyuniyah, Q.; Fitriyanah, D.N.; Jani, Y.; Abdullah, K.,
(2020). Performance study of maximum power point tracking
(mppt) based on type-2 fuzzy logic controller on active dual axis
solar tracker. E3S Web of Conferences. 190: 00016 (16 pages).

Akinbami, 0.M.; Oke, S.R.; Bodunrin, M.O., (2021). The state of
renewable energy development in south africa: an overview.
Alex. Eng. J., 60(6): 5077-5093 (17 pages).

Ayamolowo, 0.).; Manditereza, PT.; Kusakana, K., (2021).
Investigating the potential of solar trackers in renewable energy
integration to grid. J. Phys.: Conf. Ser., 2022: 012031 (9 pages).

Baculi, J.; Ayoubi, M.A., (2017). Fuzzy attitude control of solar sail
via linear matrix inequalities. Acta Astronaut., 138: 233-241 (9
pages).

Ballabel, A.; Mahfouz, A.; Salem, FA., (2013). Design and
performance of solar tracking photo-voltaic system. Int. J.
Control. Autom. Syst., 1(2): 49-55 (7 pages).

Canovas, J.; Kupka, J., (2016). On fuzzy entropy and topological
entropy of fuzzy extensions of dynamical systems. Fuzzy Sets
Syst., 1: 1-26 (26 pages).

Ganesh, N.J.; Maniprakash, S.; Chandrasekaran, L.; Srinivasan,
S.M.; Srinivasan, A.R., (2011). Design and development of a sun
tracking mechanism using the direct sm actuation. Trans. ASME.
J. Mech. Des., 133(7): 1-14 (14 pages).

Ghiasi, M.1.; Golkar, M.A.; Hajizadeh, A., (2017). Lyapunov based-
distributed fuzzy-sliding mode control for building integrated-dc
microgrid with plug-in electric vehicle. IEEE Access, 5: 7746—
7752 (7 pages).

Hamzaoui, A.; Al-khazraji, A., (2011). Robust tracking control of
uncertain dynamic nonlinear systems via type-2 fuzzy sliding
mode approach. IFAC Proc. Vol., 44(1): 4181-4185 (5 pages).

Henry, C.L.; Baker, J.S.; Shaw, B.K.; Kondash, A.J.; Leiva, B.;
Castellanos, E.; Wade, C.M.; Lord, B.; Van Houtven, G.; Redmon,
J.H., (2021). How will renewable energy development goals
affect energy poverty in guatemala? Energy Econ., 104: 105665
(22 pages).

Ibrahim, 1.D.; Hamam, Y.; Alayli, Y.; Jamiru, T.; Sadiku, E.R.; Kupolati,
W.K.; Ndambuki, J.M.; Eze, A.A., (2021). A review on africa
energy supply through renewable energy production: Nigeria,
Cameroon, Ghana and South Africa as a case study. Energy
Strategy Rev., 38: 100740 (13 pages).

Ikhwan, M.; Mardlijah; Imron, C., (2018). Model predictive control
on dual axis solar tracker using matlab/simulink simulation. 2018
International Conference on Information and Communications
Technology (ICOIACT), 784-788 (5 pages).

Ikhwan, M.; Rizal, S.; Ramli, M.; Muchlisin, Z.A.; Mardlijah, (2019).

401

Wind disturbance elimination on dual axis solar tracker using
fuzzy logic control. IOP Conf. Ser.: Earth Environ. Sci., 364:
012038 (7 pages).

Ishikawa, A.; Mieno, H., (1979). The fuzzy entropy concept and its
application. Fuzzy Sets Syst., 2: 113—-123 (11 pages).

Karatayev, M.; Lisiakiewicz, R.; Grédek-Szostak, Z.; Kotulewicz-
Wisinska, K.; Nizamova, M., (2021). The promotion of renewable
energy technologies in the former soviet bloc: why, how, and
with what prospects? Energy Reports. 7: 6983-6994 (12 pages).

Kchaou, A.; Naamane, A.; Koubaa, Y.; M’sirdi, N., (2017). Second
order sliding mode-based mppt control for photovoltaic
applications. Sol. Energy. 155: 758-769 (12 pages).

Mahajan, S.; Mittal, N.; Pandit, A.K., (2021). Image segmentation
using multilevel thresholding based on type Il fuzzy entropy and
marine predators algorithm. Multimed. Tools. Appl., 80(13):
19335-19359 (25 pages).

Mardlijah, M.; Jazidie, A.; Santoso, A.; Widodo, B., (2013). Design of
t2fsmc controller with minimum gain scale factor by optimizing
membership function using firefly algorithm on mobile inverted
pendulum. Int. Rev. Autom. Control. 6(4): 431-440 (10 pages).

Mardlijah; Rinanto, N.; Soemarsono, A.R., (2017). Type 2 fuzzy
sliding mode control (t2fsmc) controller on solar panel prototype
using the most representative parameters. J. Theor. Appl. Inf.
Technol., 95(20): 5562-5570 (9 pages).

Mardlijah, M.; Zuhri, Z., (2018). Solar panel control system using
an intelligent control: t2fsmc and firefly algorithm. Telecommun.
Comput. Electron. Control. 16(6): 2988 (11 pages).

Mardlijah; Zhai, G.; Adzkiya, D.; Mardianto, L.; Ikhwan, M., (2019).
Modified t2fsmc approach for solar panel systems. Syst. Sci.
Control Eng., 7(1): 189-197 (9 pages).

Obaideen, K.; AlMallahi, M.N.; Alami, A.H.; Ramadan, M.;
Abdelkareem, M.A.; Shehata, N.; Olabi, A.G., (2021). On the
contribution of solar energy to sustainable developments goals:
case study on mohammed bin rashid al maktoum solar park. Int.
J. Thermofluids.12: 100123 (14 pages).

Oliva, D.; Abd Elaziz, M.; Hinojosa, S., (2019). Metaheuristic
algorithms for image segmentation: theory and applications.
Springer Nature. Switzerland.

Rahman, A.; Dargusch, P.; Wadley, D., (2021). The political economy
of oil supply in indonesia and the implications for renewable
energy development. Renew. Sustain. Energy Rev., 111027 (14
pages).

Rani, P.; Singh, O.; Pandey, S., (2018). An analysis on arduino
based single axis solar tracker. 5th IEEE Uttar Pradesh Section
International Conference on Electrical, Electronics and
Computer Engineering. 1-5 (5 pages).

Rao, C.S.; Santosh, S.; Ram, V.D., (2020). Tuning optimal pid
controllers for open loop unstable first order plus time delay
systems by minimizing itae criterion. IFAC-PapersOnLine. 53(1):
123-128 (6 pages).https://www.sciencedirect.com/science/
article/pii/S2405896320300392

Sawant, A.; Bondre, D.; Joshi, A.; Tambavekar, P.; Deshmukh,
A., (2019). Design and analysis of automated dual axis solar
tracker based on light sensors. Proceedings of the International
Conference on I-SMAC (loT in Social, Mobile, Analytics and
Cloud), I-SMAC 2018, 454—-459 (6 pages).

Sharma, S.; Rohilla, Y., (2021). A study-level dual-axis active solar
tracker. International Conference on System, Computation,
Automation and Networking (ICSCAN 2021), 1-6 (6 pages).


https://www.praiseworthyprize.org/jsm/index.php?journal=iremos&page=article&op=view&path%5b%5d=18235
https://www.praiseworthyprize.org/jsm/index.php?journal=iremos&page=article&op=view&path%5b%5d=18235
https://www.praiseworthyprize.org/jsm/index.php?journal=iremos&page=article&op=view&path%5b%5d=18235
https://www.praiseworthyprize.org/jsm/index.php?journal=iremos&page=article&op=view&path%5b%5d=18235
https://www.e3s-conferences.org/articles/e3sconf/abs/2020/50/e3sconf_icorer2020_00016/e3sconf_icorer2020_00016.html
https://www.e3s-conferences.org/articles/e3sconf/abs/2020/50/e3sconf_icorer2020_00016/e3sconf_icorer2020_00016.html
https://www.e3s-conferences.org/articles/e3sconf/abs/2020/50/e3sconf_icorer2020_00016/e3sconf_icorer2020_00016.html
https://www.e3s-conferences.org/articles/e3sconf/abs/2020/50/e3sconf_icorer2020_00016/e3sconf_icorer2020_00016.html
https://www.sciencedirect.com/science/article/pii/S1110016821002295
https://www.sciencedirect.com/science/article/pii/S1110016821002295
https://www.sciencedirect.com/science/article/pii/S1110016821002295
https://www.sciencedirect.com/science/article/abs/pii/S0094576516311602
https://www.sciencedirect.com/science/article/abs/pii/S0094576516311602
https://www.sciencedirect.com/science/article/abs/pii/S0094576516311602
https://dl.acm.org/doi/abs/10.1016/j.fss.2015.12.013
https://dl.acm.org/doi/abs/10.1016/j.fss.2015.12.013
https://dl.acm.org/doi/abs/10.1016/j.fss.2015.12.013
https://asmedigitalcollection.asme.org/mechanicaldesign/article-abstract/133/7/075001/467061/Design-and-Development-of-a-Sun-Tracking-Mechanism?redirectedFrom=fulltext
https://asmedigitalcollection.asme.org/mechanicaldesign/article-abstract/133/7/075001/467061/Design-and-Development-of-a-Sun-Tracking-Mechanism?redirectedFrom=fulltext
https://asmedigitalcollection.asme.org/mechanicaldesign/article-abstract/133/7/075001/467061/Design-and-Development-of-a-Sun-Tracking-Mechanism?redirectedFrom=fulltext
https://asmedigitalcollection.asme.org/mechanicaldesign/article-abstract/133/7/075001/467061/Design-and-Development-of-a-Sun-Tracking-Mechanism?redirectedFrom=fulltext
https://ieeexplore.ieee.org/abstract/document/7904716
https://ieeexplore.ieee.org/abstract/document/7904716
https://ieeexplore.ieee.org/abstract/document/7904716
https://ieeexplore.ieee.org/abstract/document/7904716
https://www.sciencedirect.com/science/article/pii/S1474667016442643
https://www.sciencedirect.com/science/article/pii/S1474667016442643
https://www.sciencedirect.com/science/article/pii/S1474667016442643
https://www.sciencedirect.com/science/article/pii/S0140988321005223
https://www.sciencedirect.com/science/article/pii/S0140988321005223
https://www.sciencedirect.com/science/article/pii/S0140988321005223
https://www.sciencedirect.com/science/article/pii/S0140988321005223
https://www.sciencedirect.com/science/article/pii/S0140988321005223
https://www.sciencedirect.com/science/article/pii/S2211467X21001255
https://www.sciencedirect.com/science/article/pii/S2211467X21001255
https://www.sciencedirect.com/science/article/pii/S2211467X21001255
https://www.sciencedirect.com/science/article/pii/S2211467X21001255
https://www.sciencedirect.com/science/article/pii/S2211467X21001255
https://ieeexplore.ieee.org/document/8350791/
https://ieeexplore.ieee.org/document/8350791/
https://ieeexplore.ieee.org/document/8350791/
https://ieeexplore.ieee.org/document/8350791/
https://iopscience.iop.org/article/10.1088/1755-1315/364/1/012038
https://iopscience.iop.org/article/10.1088/1755-1315/364/1/012038
https://iopscience.iop.org/article/10.1088/1755-1315/364/1/012038
https://iopscience.iop.org/article/10.1088/1755-1315/364/1/012038
https://www.sciencedirect.com/science/article/abs/pii/0165011479900204
https://www.sciencedirect.com/science/article/abs/pii/0165011479900204
https://www.sciencedirect.com/science/article/pii/S2352484721010854
https://www.sciencedirect.com/science/article/pii/S2352484721010854
https://www.sciencedirect.com/science/article/pii/S2352484721010854
https://www.sciencedirect.com/science/article/pii/S2352484721010854
https://www.sciencedirect.com/science/article/abs/pii/S0038092X17305819
https://www.sciencedirect.com/science/article/abs/pii/S0038092X17305819
https://www.sciencedirect.com/science/article/abs/pii/S0038092X17305819
https://link.springer.com/article/10.1007/s11042-021-10641-5
https://link.springer.com/article/10.1007/s11042-021-10641-5
https://link.springer.com/article/10.1007/s11042-021-10641-5
https://link.springer.com/article/10.1007/s11042-021-10641-5
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=article&op=view&path%5B%5D=12905
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=article&op=view&path%5B%5D=12905
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=article&op=view&path%5B%5D=12905
https://www.praiseworthyprize.org/jsm/index.php?journal=ireaco&page=article&op=view&path%5B%5D=12905
http://www.jatit.org/volumes/Vol95No20/24Vol95No20.pdf
http://www.jatit.org/volumes/Vol95No20/24Vol95No20.pdf
http://www.jatit.org/volumes/Vol95No20/24Vol95No20.pdf
http://www.jatit.org/volumes/Vol95No20/24Vol95No20.pdf
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8694
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8694
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8694
https://www.tandfonline.com/doi/full/10.1080/21642583.2019.1625080
https://www.tandfonline.com/doi/full/10.1080/21642583.2019.1625080
https://www.tandfonline.com/doi/full/10.1080/21642583.2019.1625080
https://www.sciencedirect.com/science/article/pii/S2666202721000604
https://www.sciencedirect.com/science/article/pii/S2666202721000604
https://www.sciencedirect.com/science/article/pii/S2666202721000604
https://www.sciencedirect.com/science/article/pii/S2666202721000604
https://www.sciencedirect.com/science/article/pii/S2666202721000604
https://link.springer.com/book/10.1007/978-3-030-12931-6
https://link.springer.com/book/10.1007/978-3-030-12931-6
https://link.springer.com/book/10.1007/978-3-030-12931-6
https://www.sciencedirect.com/science/article/abs/pii/S1364032121003178
https://www.sciencedirect.com/science/article/abs/pii/S1364032121003178
https://www.sciencedirect.com/science/article/abs/pii/S1364032121003178
https://www.sciencedirect.com/science/article/abs/pii/S1364032121003178
https://ieeexplore.ieee.org/document/8596874
https://ieeexplore.ieee.org/document/8596874
https://ieeexplore.ieee.org/document/8596874
https://ieeexplore.ieee.org/document/8596874
https://www.sciencedirect.com/science/article/pii/S2405896320300392
https://www.sciencedirect.com/science/article/pii/S2405896320300392
https://www.sciencedirect.com/science/article/pii/S2405896320300392
https://www.sciencedirect.com/science/article/pii/S2405896320300392
https://www.sciencedirect.com/science/article/pii/S2405896320300392
https://www.sciencedirect.com/science/article/pii/S2405896320300392
https://ieeexplore.ieee.org/document/8653779
https://ieeexplore.ieee.org/document/8653779
https://ieeexplore.ieee.org/document/8653779
https://ieeexplore.ieee.org/document/8653779
https://ieeexplore.ieee.org/document/8653779
https://ieeexplore.ieee.org/abstract/document/9526523
https://ieeexplore.ieee.org/abstract/document/9526523
https://ieeexplore.ieee.org/abstract/document/9526523

Stefenon, S.F.; Kasburg, C.; Freire, R.Z.; Ferreira, F.C.S.; Bertol, D.W.;
Nied, A., (2020). Photovoltaic power forecasting using wavelet
neuro-fuzzy for active solar trackers. J. Intell. Fuzzy Syst., 40:
1-14 (14 pages).

Tomson, T., (2008). discrete two-positional tracking of solar
collectors. Renew. Energy. 33: 400-405 (6 pages).

Yan, K.; Zeng, F., (2018). Conditional fuzzy entropy of fuzzy
dynamical systems. Fuzzy Sets Syst., 342: 138 - 152 (15 pages).

Yu, H.; Zhi, X.; Fan, J., (2015). Neurocomputing image segmentation

based on weak fuzzy partition entropy. Neurocomputing, 168:
994-1010 (17 pages).

Zamri, N.; Abdullah, L., (2013). A new linguistic variable in interval
type-2 fuzzy entropy weight of a decision making method.
Procedia Comput. Sci., 24: 42-53 (12 pages).

Zhou, R.; lJin, J,; Cui, Y.; Ning, S.; Bai, X.; Zhang, L.; Zhou, Y.; Wu, C,;
Tong, F., (2022). Agricultural drought vulnerability assessment
and diagnosis based on entropy fuzzy pattern recognition and
subtraction set pair potential. Alex. Eng. J., 61(1): 51-63 (13 pages).

AUTHOR (S) BIOSKETCHES

= Email: marwan.math@unsyiah.ac.id

ORCID: 0000-0003-1225-9063

Web of Science Researcher|D: AAB-8015-2019
Scopus Author ID: 57217110324

Homepage: http://math.unsyiah.ac.id/ind/marwan/

= Email: mardlijah@matematika.its.ac.id

ORCID: 0000-0002-2867-407X
Web of Science Researcher|D: ABF-2537-2021
Scopus Author ID: 53980121800

Indonesia.

= Email: m.ikhwan@mbhs.unsyiah.ac.id
ORCID: 0000-0002-8162-1479

Web of Science Researcher|D: D-1570-2018
Scopus Author ID: 57212382115
Homepage: http://dmas.unsyiah.ac.id/

= Email: khumam77@unsyiah.ac.id

ORCID: 0000-0003-3884-181X

Web of Science Researcher|D: ABF-2533-2021
Scopus Author ID: 57268953200

Homepage: http://fsd.unsyiah.ac.id/umam/

Ramli, M., Ph.D., Professor, Department of Mathematics, Universitas Syiah Kuala, Banda Aceh 23111, Indonesia.

Mardlijah, M., Ph.D. Professor, Department of Mathematics, Institut Teknologi Sepuluh Nopember, Surabaya 60111, Indonesia.

Homepage: https://www.its.ac.id/matematika/en/lecturer-and-staff/list-of-lecturers/mardlijah/

Ikhwan, M., Ph.D. Candidate, Graduate School of Mathematics and Applied Sciences, Universitas Syiah Kuala, Banda Aceh 23111,

Umam, K., Ph.D. Candidate, Department of Mathematics Education, Universitas Syiah Kuala, Banda Aceh 23111, Indonesia.

HOW TO CITE THIS ARTICLE

DOI: 10.22034/gjesm.2022.03.07
url: https://www.gjesm.net/article_248316.html

Ramli, M.; Mardlijah, M.; lkhwan, M.; Umam, K., (2022). Fuzzy entropy type Il method for optimizing clean
and renewable solar energy. Global J. Environ. Sci. Manage., 8(3): 389-402.

402


https://content.iospress.com/articles/journal-of-intelligent-and-fuzzy-systems/ifs201279
https://content.iospress.com/articles/journal-of-intelligent-and-fuzzy-systems/ifs201279
https://content.iospress.com/articles/journal-of-intelligent-and-fuzzy-systems/ifs201279
https://content.iospress.com/articles/journal-of-intelligent-and-fuzzy-systems/ifs201279
https://ideas.repec.org/a/eee/renene/v33y2008i3p400-405.html
https://ideas.repec.org/a/eee/renene/v33y2008i3p400-405.html
https://www.sciencedirect.com/science/article/abs/pii/S0165011417304530
https://www.sciencedirect.com/science/article/abs/pii/S0165011417304530
https://dl.acm.org/doi/10.1016/j.neucom.2015.05.025
mailto:marwan.math@unsyiah.ac.id
mailto:m.ikhwan@mhs.unsyiah.ac.id
http://dmas.unsyiah.ac.id/
https://dl.acm.org/doi/10.1016/j.neucom.2015.05.025
https://dl.acm.org/doi/10.1016/j.neucom.2015.05.025
https://www.sciencedirect.com/science/article/pii/S187705091301168X
https://www.sciencedirect.com/science/article/pii/S187705091301168X
https://www.sciencedirect.com/science/article/pii/S187705091301168X
https://www.sciencedirect.com/science/article/pii/S111001682100332X
https://www.sciencedirect.com/science/article/pii/S111001682100332X
https://www.sciencedirect.com/science/article/pii/S111001682100332X
https://www.sciencedirect.com/science/article/pii/S111001682100332X

Global Journal of Environmental Science and Management

S

(GJESM)

Homepage: https://www.gjesm.net/

Soil fertility in agricultural production units of tropical areas

S. Rodelo-Torrente?!, A.C. Torregroza-Espinosa®’, M. Moreno Pallares?, D. Pinto Osorio?, A. Corrales Paternina?,

A. Echeverria-Gonzalez*

1 Departamento de Civil y Ambiental, Universidad de la Costa, 080002 Barranquilla, Colombia

2Departamento de Productividad e Innovacion, Universidad de la Costa, 080002 Barranquilla, Colombia

3 Departamento de Biologia, Universidad del Atlantico, 081001 Puerto Colombia, Colombia

“Departamento de Ciencias Empresariales, Universidad de la Costa, 080002 Barranquilla, Colombia

ARTICLE INFO

ABSTRACT

Article History:

Received 03 August 2021
Revised 13 November 2021
Accepted 20 December 2021

Keywords:

Soil nutrients

Soil physicochemical properties
Soil quality

Soil texture

Tropical soils

DOI: 10.22034/gjesm.2022.03.08

Soil is the most important basic natural resource for the
support of agricultural production systems. Productivity maintenance in these ecosystems
depends on their physicochemical. However, there are no significant studies on the current
status of soil fertility and quality in tropical areas vulnerable to climate change and lacking
management practices. The purpose of this study was to assess the physical and chemical
properties of the soil to propose guidelines on soil handling and management in tropical areas.

Data on texture, macronutrients, micronutrients, and cation ratios were collected
at 200 farms in the Sucre Department of Northern Colombia. Correlation analysis and principal
component analysis were performed on the resulting data set, and a soil quality index was
calculated.

Macronutrients N, P, K, S, Ca, Mg, and Na displayed average values of 21.65 +
10.65 part per million, 40.35 + 67.21 part per million, 0.46 + 0.43 meq/100g, 7.94 + 28.35
part per million, 15.63 + 17.30 meq/100 g, 5.63 + 3.58 meq/100g, 0.19 + 0.20 meq/100g,
respectively. Micronutrients Cu, Fe, Zn, and Mn displayed average values of 2.20 + 1.66 part
per million, 48.05 + 37.87 part per million, 1.16 + 1.26 part per million, 14.22 + 12.24 part per
million, respectively. The predominant texture among assessed soils was sandy clay loam. A
significant correlation was found between (Ca/Mg) K-Ca/K, (Ca/Mg) K-Mg/K, Fe-Cu, and Ca-
cation exchange capacity. The soil quality index of the soils assessed in the Department of
Sucre indicates a high level of quality, which is strongly influenced by the indicators S, P, Mn (>
0.90) Fe, Zn, Cu, K, Na (= 0.80).

The macronutrients displayed a deficiency of potassium. It is therefore
recommended to monitor these soils and apply fertilization plans according to the needs of
each assessed soil. Lastly, this study provides relevant information for proposing guidelines for
crop improvement.

©2022 GJESM. All rights reserved.
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The contribution of soils is essential for agricultural
productivity, water regulation, climate regulation,
and the environmental cycling of energy, carbon and
nutrients, as well as the sustainment of biodiversity
(van Leeuwen et al., 2019). The importance of soil
quality is associated with its functional capacity within
ecological and land-use limits, while maintaining
productivity and plant health (Martinez-Mera et al.,
2017). Soil quality is a complex functional concept that
cannot be measured directly in the field or laboratory
but can only be inferred through a combination of
physical, chemical, and biological indicators providing
key information on the soil’s composition, structure,
and function (Paz-Ferreiro and Fu, 2016). The most
noteworthy of these indicators is soil fertility, which
refers to the soil’s capacity to sustain plant growth
by producing the required nutrients (Ledn-Moreno,
2019). Soil fertility decrease is a major problem in many
regions of the planet and a persistent limitation for
agricultural production, particularly in low-potential
areas. Therefore, declining soil fertility represents
a major threat to food safety and development of
small farmer communities (Vanlauwe et al., 2017).
Soil degradation implies a decline in soil quality,
together with an associated reduction in ecosystem
functions and services. One of the main types of soil
degradation is chemical degradation (Lal, 2015). Soil
chemical degradation includes processes such as
acidification, salinization, nutrient depletion, reduced
cation exchange capacity (CEC), increased Al or Mn
toxicities, Ca, or Mg deficiencies, leaching of NO_-N
or other essential plant nutrients, or contamination
by industrial wastes or by-products (Lal, 2015).
At the same time, different human activities are
producing physical changes, increased concentrations
of chemical residues, and accumulation of materials
(Mufioz-Rojas, 2018). Due to the above, it isimportant
to assess the physicochemical quality of the soil
as an indicator of its fertility and therefore of its
environmental condition. Thus, a mathematical or
statistical framework was put forward in the early
1990s to estimate soil quality index (SQl) (Mukherjee
and Lal, 2014). It is also necessary to assess soil
fertility, in order to develop suitable fertilization
strategies. Soil management is one of the main factors
influencing the improvement or degradation of soil
quality (Lal, 2015). Soil health is a key component
for addressing the global challenges of food safety,
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simultaneously ensuring environmental sustainability
in view of a growing human population (Kurgat et
al., 2018). Several studies have been carried out on
the evaluation of physicochemical characteristics
in soils (Martinez-Mera et al.,, 2019). Table 1.
provides examples of recent research on soil quality
around the globe. In Colombia, studies have been
mainly developed in the Atlantico (Martinez-Mera
et al., 2019) and Cérdoba departments (Marrugo-
Negrete et al., 2017). Some of the most important
physicochemical characteristics for the assessment of
soil fertility and health include its texture (Bliinemann
et al., 2018), organic carbon (OC/OM), total N, total
P, macronutrients, micronutrients, CEC, potential of
hydrogen (pH), exchangeable ions, cation ratios, and
mineralization rate (Obriot et al., 2016; Karbassi and
Heidari, 2015; Karbassi and Pazoki, 2015). Sustainable
soil management is an urgent matter worldwide: 25%
oftheworld’s population depends directly on degraded
soils (Zhang et al., 2011), mainly in tropical and
subtropical areas of developing countries. However,
there are no significant studies on the current status
of soil fertility and quality in tropical areas vulnerable
to climate change and lacking management activities,
as is the case in northern Colombia. This study aims
to determine soil quality in agricultural units through
the analysis of its physical and chemical properties.
Research was carried out in 200 properties, owned
by small farmers, in five prioritized municipalities (San
Onofre, San Marcos, Morroa, Corozal, and Majagual)
of the Sucre Department, northern Colombia. Field
measurements and laboratory analysis for this study
were carried out in 2020.

The methods employed in this research is
summarized in Fig. 1. Soil samples were collected and
sent to the laboratory to determine their physical and
chemical properties. Relationships between cations
were estimated, and statistical analyzes were carried
out in order to assess soil. This methodology used
allowed to determine which physical and chemical
properties are the most significant for soil quality in
the region.

Study area

The Sucre Department, located in the Caribbean
plains of northern Colombia (Fig. 2), encompasses an
area of 10670 km?, equivalent to 0.9% of the total area



Table 1: Summary of different recent studies about soil quality.

Location

Relevant aspects

References

South-West Cameroon

Sub-Saharan Africa

South-Western China

Review paper (around the
world)

Assessed two soil fertility approaches in paddy fields for rice cultivation, in order to
develop a user-friendly and credible soil fertility index (SF1). According to the two
methods used in the study, most of the study area was classified as moderately
suitable for rice cultivation. The results of the parametric and fuzzy methods also
demonstrated that the most important limiting factors were drainage and the
thickness of the plow layer. The other limiting factors were texture, pH, OM, and
coarse fragment

Performed different analyses on various datasets demonstrated the direct impact of
physicochemical properties of soil and derived soil fertility parameters on major
constraints for plant growth and optimal crop production such as water retention
capacity, roots development, soils aeration, nutrients availability, nutrients
abundance, and cations balance Based on physicochemical soil properties, fertility
parameters and Soil Quality Index (SQl), four soil fertility classes were identified: (i)
very good fertility soils; (ii) good fertility soils; (iii) fairly good fertile soils; (iv) poorly
fertile soils. The principal indicators controlling soil are Ca, Mg, pH water, OM,
available P, total Nitrogen, and CEC. Four of the seven indicators (Ca, pH, OM, and P)
were also identified as important indicators for assessing the fertility status of the
different soil groups

Calculated a soil quality index found that soil organic carbon, total nitrogen,
potassium, and free iron are the most important indicators of soil quality in tropical
acidic red soils. Deforestation and corn cultivation related to significant decreases in
sal

Revealed how soil quality assessment has changed through time in terms of
objectives, tools and methods, and overall approach. Main objectives included:
suitability for crop growth, productivity, environment, multi-functionality, ecosystem
services, resistance, and resilience. Total organic matter/carbon and pH are the most
frequently proposed soil quality indicators, followed by available phosphorus, various
indicators of water storage, and bulk density (all mentioned in > 50% of reviewed
indicator sets). Texture, available potassium, and total nitrogen are also frequently
used (> 40%)

Delsouz Khaki
etal (2017)

Nguemezi et
al. (2020)

Huang et al.
(2021)

Blinemann et

al. (2021)

Soil Sample Collection Laboratory Analysis Ratio Estimati
: atio Estimation
200 agricultural units Physical (texture) and . ]
) chemical properties (pH, Cation ratios Ca/Mg, Mg/K,
(Nothern Colombia - OM, CEC, N, P, Ca, Mg, K, Ca/K, (Ca+Mg)/K

Tropical areas)

Na, S, Fe, Mn, Zn, Cu, Al)

Statistical Analyisis

Descriptive analysis Soil Quality Estimation

Pearson correlation analysis Additionally, Soil Quality

Principal component
analysis (PCA)

Index (SQl) was calculated

Fig. 1: Scheme of the methodology used in this study.
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Fig. 2: Geographic location of the study area in the Department of Sucre in northern Colombia

of Colombia and 8.5% of the Colombian Caribbean
region (Bustamante et al., 2003). The weather in the
region features a marked gradient of heavier rainfall
from north to south (IDEAM, 2018). There are five
subregions within the Sucre Department, the relevant
characteristics of which are described in Table 2. In
each subregion, a municipality was prioritized due
to differences in precipitation, soil type, vegetation,
and crop type. In addition, Sucre has the greatest
percentage of area with land use conflicts among
Colombian departments. Approximately 78% of the
department area is affected by conflict of use, 42%
(approximately 446000 Hectares) is affected by
overuse, and 36% by underutilization. Proper use of
soil, that is, productive systems where natural covers
have not been affected, is present in only 22% of the
department area. There are two trends of land use in
Colombia: one is the use of some soils for agriculture
and livestock when they have a different vocation,
such as forestry or agroforestry. Another is the
underutilization of soils, that is, abandoned or wasted
lands that are not used for their true calling (DNP,
2003). Colombia is rich and diverse in soil resources.
The Geographical Institute Agustin Codazzi (IGAC,
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for its initials in Spanish) recognizes 8 types of soils
in Colombia, based on their vocation and capacity
for use, productivity, and conservation (IGAC,
2021). Class 1, 2, and 3 soils, the most suitable for
agricultural developments and controlled livestock,
are widely distributed in areas of the Caribbean
(northern) region of Colombia. Soils in these classes
can support transitory crops and intensive livestock
with high-yield pastures, with practices such as
fertilization, waxing, watering, and drainage. Class 4,
also found in the department of Sucre, includes soils
with low fertility and high Al content. This class is
suitable for agricultural, and livestock uses, but due
to its limitations, it requires agricultural management
practices. According to IGAC (2016), soils in the
sampled municipalities of Sucre represent the orders
Alfisols, Inceptisols, Mollisols, Ultisols, Vertisols, and
Histosols.

Sample collection and laboratory analysis

Soil samples were collected at 200 farms in the
five prioritized municipalities: 40 samples in Morroa
(Montes de Maria subregion); 40 samples in Corozal
(Sabana subregion); 40 samples in San Onofre (Gulf
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of Morrosquillo subregion); 40 samples in San Marcos
(San Marcos subregion); and 40 samples in Majagual
(Mojana subregion) (Fig. 2). Samples were taken in
crop fields, on flat terrain, mainly from Mollisols and
Alfisols. Average farm area was 3 hectares; within
each farm, one hectare was chosen for sampling.
15 subsamples were taken along zigzag transects,
making V shaped cuts in the soil at a depth of 30 cm.
The external portions of samples were discarded to
avoid contamination. Each subsample was placed
in a sterile plastic container in order to mix all
subsamples and obtain a composite sample weighing
500 g. Sample collection followed the guidelines of
Colombian Technical Standard (NTC) 3656 (ICONTEC,
2004). All samples were collected by triplicate to
determine the precision of tests. The samples were
analyzed at the environmental laboratory Zona
Costera S.A.S., which is certified for environmental
characterizations by the Institute of Hydrology,
Meteorology and Environmental Studies (IDEAM). At
the laboratory, physical (e.g., texture) and chemical
(e.g., pH, OM, CEC N, P- total phosphorus -, Ca, Mg,
K, Na, S, Fe, Mn, Zn, Cu, and Al) characteristics were
determined (Table 3).

Data analysis

Descriptive statistics (e.g., minimum, maximum,
mean, and standard deviation values) were
performed on all physicochemical variables, followed
by tests of normality and homogeneity of variance.
Pearson correlation analyses were performed to test
the relationships between physicochemical variables.
Lastly, a principal component analysis (PCA) was
performed to examine the contribution of each
physicochemical variable to the overall variance of
the studied soils. All statistical analyses and plots
were performed using the R software package (R
Core Team, 2020). Additionally, SQI was calculated
for each farm production unit, by assigning unique
values to each physicochemical variable by means of
a weighted average (Nguemezi et al., 2020). The Nv
was calculated using Eq. 1.

Nv=1—(M) (1)
Imax —1 min

Where Nv =is the normalized value, Im = indicator
mean, Imax = indicator maximum value, Imin =
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indicator minimum value. The SQl was calculated
using the simple additive method (Mukherjee and Lal,
2014). The SQI was interpreted using a transformation
scale of five classes of soil quality (Nguemezi et al.,
2020): Very high quality 0.80 — 1.00; High quality 0.60
—0.79; Average quality 0.40 — 0.59; Low quality 0.20
—0.39; Very low quality 0.00 - 0.19.

Predominant textures in assessed soils were sandy
clay loam (SCL: 26%), clay loam (CL: 13%), clay (C:
12%), loamy sand (LS: 12 %), silt loam (SL: 11%), and
loam (L: 10%). Average OM was 1.05 £ 0.51 % (Fig.
3). Loam texture and their products were the most
abundant in soil samples. Loam soils generally contain
more nutrients, moisture, and humus than sandy
soils, have better drainage and infiltration of water
and air than silt and clay-rich soils, and are easier to
till than clay soils (Moraru et al., 2020). Texture and
OM are inherent properties of soil and crops, as well
as indicators of soil health; affecting the availability
of some macronutrients and micronutrients in the
soil (Coblinski et al., 2021). Amsili et al. (2021) found
that physical and biological indicators were affected
both by soil texture and cropping system. According
to the classification of Villasanti et al. (2013), the
content of OM was low in the studied soils. OM
content is considered high above 2.8%, medium
between 1.2 and 2.8%, and low below 1.2%. Low
levels of organic matter are a threat to soil fertility
Ndung’u et al. (2021). To improve the availability
of organic matter, burning of vegetation should be
avoided and compost from food waste and animal
manure should be added to the soil. OM values in this
work are consistent, and sometimes even lower, than
those previously reported in other sites of northern
Colombia (Martinez-Mera et al., 2019).

Regarding macronutrients average values of N, P, K,
S, Ca, Mg, and Na were 21.65 £ 10.65 parts per million
(ppm), 40.35+67.21 ppm, 0.46 +0.43 meq/100g, 7.94
+ 28.35 ppm, 15.63 + 17.30 meqg/100g, 5.63 + 3.58
meq/100g, and 0.19 + 0.20 meq/100g, respectively.
For the case of the micronutrients Cu, Fe, Zn, and Mn,
average values of 2.20+ 1.66 ppm, 48.05 + 37.87 ppm,
1.16 £1.26 ppm, and 14.22 £ 12.24 ppm, respectively.
Average soil pH was 6.05 = 0.80, with a maximum of
7.68 and a minimum of 4.19. Acid soils (average pH
= 4.68) have been previously reported in Andean
soils of Colombia. Average soil CEC was 22.84 + 10.23
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Fig. 3: Texture and OM of the studied soils.

Table 4: Summary for the physicochemical parameters analyzed in agricultural soils of the study area

Parameter Maximum Minimum Mean SD

N (ppm) 63.20 5.40 21.65 10.65
P (ppm) 401.49 2.60 40.35 67.21
Ca (meq/100 g) 213.35 0.13 15.63 17.30
Mg( meqg/100 g) 18.01 0.07 5.63 3.58
K (meq/100 g) 2.94 0.02 0.46 0.43
Na (meq/100 g) 0.98 0.02 0.19 0.20
S (ppm) 344.00 0.06 7.94 28.35
Fe (ppm) 319.24 2.74 48.05 37.87
Mn (ppm) 131.58 0.50 14.22 12.24
Zn (ppm) 8.35 0.19 1.16 1.26
Cu (ppm) 10.28 0.23 2.20 1.66
Al (meq/100g) 1.97 0.00 0.32 0.48
PH1:1, soil:water 7.68 4.19 6.05 0.80
CEC (meq/100g) 50.84 4.61 22.84 10.23
ECy:s, soil:water (MS/cm) 0.17 0.01 0.05 0.03

P: total phosphorus, CEC: cation exchange capacity, EC: electrical conductivity

meq/100g, and average EC was 0.05 + 0.03 mS/cm
(Table 4). Values of pH and EC found in this study are
below the maximum limit established by the Canadian
Soil Quality Guidelines for Agriculture (CCME, 2014).
Land use significantly influenced the change in CEC
values. P content of soil can be altered by crop
removal (approximately 80% is absorbed by plants),
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water erosion, and OM mineralization (Novello and
Quintero, 2009). In the studied soils, macronutrients
P and Ca displayed high values, whereas S displayed
a low value. Phosphorus is essential for plant
development and interacts with other nutrients such
as Cand N (Torri et al., 2017). Continuous application
of P from agrochemicals increases the potential risk



Table 5: Summary of the calculated cation ratios by the municipality.

Municipiality
Cation ratios
Corozal Majagual Morroa San Marcos San Onofre
Ca/Mg (Estimate) 2.86+1.48 2.6315.16 3.94+2.24 2.46%1.40 2.96+0.83
Mg/K (Estimate) 18.53+7.56 36.92+18.37 9.52+5.96 10.31+7.61 14.52+6.41
Ca/K (Estimate) 47.09419.26 75.68+68.25 29.27+11.09 22.58+16.21 40.83£16.35
(Ca+Mg)/K (Estimate) 65.62+23.65 112.60+£73.30 38.79+14.25 32.89+21.94 55.35+21.12

of leaching into surface water through runoff, and
underground water contamination via lixiviation
(Silva-Leal et al.,, 2021). In addition, high Ca values
in soil are mediated by soil origin materials, as well
as by the degree in which weathering and lixiviation
have influenced soil formation processes (Chang et
al., 2020). In moderate quantities, CaCO, is beneficial
for soil structure, and is often used to neutralize acid
pH in soils. However, when high Ca levels are present,
this nutrient combines with other components,
creating non-soluble compounds that are difficult
to absorb by plants. Therefore, an excess of Ca may
restrict plant availability of P, B, and Fe (FAO, 2021).
Cation ratios Ca/Mg, Mg/K, Ca/K, and (Ca+Mg)/K,
displayed average values of 2.97 + 2.72, 17.96
14.29, 43.09 + 38.14, 61.05 + 46.77, respectively. In
all the assessed municipalities, an ideal Ca/Mg cation
ratio was found, whereas the Mg/K ratio indicated a
deficiency of K. Ca/K and (Ca+Mg)/K ratios displayed
suitable values only in the municipalities of San
Marcos and Morroa (Table 5). On the other hand,
calculated cation ratios Mg/K, Ca/K, and (Ca+Mg)/K
indicated a deficiency of K in most assessed samples,
with average values > 18 in the ratio Mg/K, > 30 in
the ratio Ca/K and > 40 in the ratio (Ca+Mg)/K. K is
essential for plant physiological processes and is vital
for the receptors of tolerance to hydric stress (Ruan et
al., 2014). In addition, hydric stress is a main limiting
factor affecting plant growth and production. In arid
and semi-arid regions, water scarcity limits crop
productivity (Bader et al., 2021). Consequently, it is
essential to carry out studies in the area to propose
management actions to improve the reported K
deficiency. Previous studies of acid, low CEC soils in
Colombian localities revealed the difficulty to adjust
the relationships between exchangeable cations, due
to the relationship between base saturation and soil
pH (Ledn, 1994). In general terms, it can be argued
that very high Ca?* and Mg?* concentrations decrease
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K* absorption, and high K* levels may aggravate Mg
deficiency. However, it is worth noting that plants
have a large capacity for adaptation, and their growth
would be affected only under extreme conditions.
Pearson analysis found statistically significant
correlations between most variables assessed
(p-value < 0.05), excepting for P, which did not
correlate to other parameters. On the other hand,
S was correlated only to Ca (p-value < 0.05). High,
positive correlations were found for (Ca/Mg)K-Ca/K
(R2=0.93, p-value < 0.05), (Ca/Mg)K-Mg/K (R?=0.61,
p-value < 0.05), Fe-Cu (R?=0.53, p-value < 0.05) and
Ca-CEC (R?=0.64, p-value < 0.05). A high negative
correlation was also found between soil textures
Silt-Sand (R?=0.52, p-value < 0.05) and Sand-Clay
(R?=0.48, p-value <0.05) (Table 6). Similar correlations
between cation ratios and Ca were previously
reported by Bonomelli et al. (2020). Correlation
analyses indicate that Fe is interacting with Cu, as
well as Ca is interacting with CEC. Iron oxyhydroxides
are natural, mineral constituents that are widely
distributed, particularly in very mature soils that
have been formed over very long periods (Cornell
and Schwertmann, 2006). Cu exerts a strong control
on the mobility and bioavailability of OM, Fe oxides,
and Mn within the soil. It may also precipitate as
hydroxide, carbonate, or phosphate (Yu et al., 2016).
Yu et al. (2014) found that cation exchanges in the soil
can reduce the saturation of Ca hydroxide in the soil.
The first two principal components of the PCA
accounted for 40% of the variance in the data set. The
variables K, Ca, CEC, EC, and silt texture displayed the
highest factor loads for the first principal component
(PC,). Forthe case of PC , the variables with the highest
factor loads were the cation ratios Mg/K, Ca/K, and
(Ca/Mg)K, together with Mg and clay texture (Fig. 4).
It was also found that the percentage of sand was not
related to any of the assessed variables, whereas the
percentage of silt was related to OM, and EC is related



A1AIdNPUOD [B21I329)3 D7 ‘Andeded aSueyoxa uolled 33D UeielA d1uesiQ (N0

96'0 | 820 | vo'0- |9g0- | so0- [ oT'0- | €00- [6T0- | 110 | €00 [ s0'0- [ 110 [29°0- | 210 | s00 [eT0- | so0 [8z0- | €00 | sT0 [veo- NERCS)
000 650 | 610 |9z0-|z00-|T00- [ 90'0- | £T°0- | 200 | €0'0- | v0'0- | sT'0- [ 95°0- | 000 | 970 [#T0- | 900 | sz0- | €00- | 510 | 8T70- /e
000 | 000 s50- | Lvo- | 1T'0- | 62°0- | ¥0'0 | 8T'0- | 0g'0 | 910 | 90°0- | 200 [ 65°0- | £€0 [ 2z0- [ 900- | 200 [ sT0- | 910 | zT0 [ zE0- /3
690 |00 | 000 8€'0 | vz0 | ov0 | zr0- | €0°0- | zzo- | €20- | 00 [ 1T'0- | sz0 [ ze0- | vs0 |900- | 800 | 010 [0z0- | z00- | 6270 sw/ed
000 | 000 000 | 000 L£0 | L£0 |vT°0- | v0'0 | 60°0- [0z0- | TT°0 | 810 | 19°0 | 010 | 20 | v0'0- | 670 | Sv0 | 90°0- | og'0- | 8¥0 s13
090 |s80| szo| 100 | 000 0z0 | €10 |900- | zr'0 | voo | sT0 | 80 | 950 | €90 | 080 | s00- | zo0 | 20 | zv0 [ 65°0- | zv0 oM
870 |v60| 000 | 000 | 000 | €00 200 | 20'0- | s0°0- [ sT'0- | 900 | v00 | €80 | €0°0- | vE0 | ¥T0- | vT0 | 810 | 80°0- [ 120~ | £€O vipd
220 |eso| 890 | ozo | ero|stol 80 820 | 900 | €20 | voo- | vT0 | €10 | vzo | 110 | 210 |2€0- | 910 | 820 | 8v0- | ov0 no
v00 | 900 | so0 | €20 |oco | 6v0 | a0 | 000 €00- | 910 | 00'0 | v0'0-| 010 [ 600 | 60°0- | v00 [zr0- | pT0 | €T0- | 800 [ €20 | o | w2
gz0 | 280|000 | 000 | T€0 | 0z0 | €970 | v50 | €20 020 | so0 | ot'0 | z0'0- | 810 | 0T'0- | z00 | 2T0- | €00 | 010 | v00-[v00-| B | uw
v2'0 | sco| 800 | 100 | €00 | 6970 | ot | 000 | 600 | €070 60'0- | 800 | 90'0- | £1°0 | 80°0- | 10'0- | €2°0- | s00 | 1270 | 6T°0- | 200 m o4
090 |ozo| o050 | 90 |szo|oto|eso|voo] 960 190 | se0 20| 110 | €10 | 610 | v0'0- | 10°0 | 500 | 600 | 60°0- | w00 | 8 s
szo | 110|180 | vzo | s00 | 000 | 990 | €r0 | €90 | o0 [ oo | €80 v1'0 | vv°0 | 120 | T0'0- | 800 | zT'0 | 8v°0 |o0s'0- | vz0 w eN
000 |000| 000 | 100 | 000 | 000 | 000 | 810 | 220 | 980 | 1570 | 220 | zT0 620 | 550 |200- | zo0 | 090 | sT'0 | svo- | svo | A N
610 |660| 000 | 000 | £z0 | 000 | szo | 100 | te0 | so0 | 900 | 210 | 000 | 000 150 | 000 | TT0 | 6200 | S50 | 25°0- | 020 W
850 | 800 | 200 | 000 | 000 | 000 | 000 | sz0 | TE'0 | 620 | 2v0 | w00 | 200 | 000 | 0070 80'0- | €70 | 6€°0 | 2€0 | 85°0- | 6¥°0 e
910 | €10 6v0 | S50 | 890 | 950 | z1°0 | 670 | 69°0 | T80 | 06'0 | €90 | 96'0 | 080 | 60 | €0 2ro-| 100 | €00 | s0°0- | v0°0 d
950 |zso| 180 | 880 | voo | zvo | 210 | 000 | 0z0 | 0z0 | 100 | s60 | Tv0 | 280 | szo | sto | oz 600 | €00 | 00 | 80°0- N
000 | 100 100 | 820 | 000 | 000 | s00 | 600 | ¥T'0 | 220 | €90 | 850 | 610 | 000 | 000 | 000 | €670 | s€0 80'0 | LEO- | Y0 WO
€20 |9c0| 800 | €00 | €50 | 000 | €0 | 000 | sT0 | 0g'0 | 200 | €€'0 | 000 | 110 | 000 | 000 | €20 | 8270 | TR0 oz'0- | 100 Aep
oto |10 120 | 9v'0 | o000 | 000 | zo0 | 000 | zv0 | 990 | vo0 | ze0 | 000 [ 000 | 000 | 000 | 50 | 690 | 000 | 0070 2o pues
100 |so0| 000 | 000 | 000|000 | 000/ 000 | 100|020 svo | 990 | T00 | 000 | €00 | 000 | s90 | Tv0 | 000 | €670 | 0070 ws
anjon - d
Jalaweled
v_a_\,_\muv?\Siv_\ms;m_\,_\mui38 i oD z:i no i uz i un i a4 i s i eN i 3 i e i e i d i N T>_o i >m_uT%L us

*BIQWO]0D) UJBYIOU Ul ‘D1oNS JO Judwpedap sy} ul |1os jo sapsadoud [eajwaydodisAyd ay3 usamiag uone|a.io) :g 3|qel

412




15

PC2 (15.61%)
05

0.0

05

-1.0

Fig. 4: Principal component analysis. R1= Ca/Mg, R2= Mg/K, R3= Ca/K, R4= (Ca/Mg) K.

Table 7: SQl in the department of Sucre (Northern Colombia).

PC1 (24.4%)

Physicochemical Characteristics (Indicator) Im Nv
Silt 27.07 0.57
Sand 42.83 0.55
Clay 30.10 0.52
oM 1.17 0.74
N 23.26 0.69
P 40.35 0.91
Ca 19.74 0.61
Mg 6.70 0.67
K 0.62 0.82
Na 0.21 0.81
S 7.95 0.98
Fe 37.70 0.89
Mn 14.23 0.90
Zn 1.08 0.89
Cu 1.98 0.84
pH 6.40 0.38
CEC 26.87 0.52
EC 0.05 0.73
sal 0.72
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to pH. The percentage of clay is related to Mg and Cu.
The PCA indicated that crop physiological processes
depend on a balance between the parameters K, Ca,
CEC, EC, Mg and the cation ratios Mg/K, Ca/K a,nd
(Ca/Mg)K. A PCA analysis by Bonomelli et al. (2020)
found that the variance was mostly determined by K,
Mg, N, and Ca.

Calculated indicators and soil quality index values
are shown in Table 7. The calculated SQI was 0.72,
indicating that assessed soils in the Department of
Sucre are of high quality. SQI value in the study is
strongly influenced by the indicators S, P, Mn (Nv >
0.90) and Fe, Zn, Cu, K, Na (Nv > 0.80), whereas the
indicator pH exerted very little influence. However,
previous research has shown that soil quality should
be determined by analyzing both physicochemical
and Dbiological soil characteristics. Therefore,
contamination levels should be incorporated into the
SQl valuation in those agricultural regions exposed
to anthropogenic activity (Klimkowicz-Pawlas et al.,
2019).

Lastly, using the soil quality index enables farmers
to assess the current status of soil. This allows
in turn to identify critical points for sustainable
development, assess the possible impacts before
any intervention, and monitor the impact of human
interventions, thus helping to determine whether the
use of soil is sustainable (De Laurentiis et al., 2019).
A proper understanding of the soil fertility conditions
and is essential for food safety and sustainable
development of agricultural systems. Reliable
methods for the assessment of soil fertility are of
great assistance for the management and monitoring
of this resource. In general terms, assessed soils from
the Sucre Department display high quality, indicating
that soil fertility is well correlated with potential
crop yields (Chabala et al., 2020), as reflected in the
variety of crops present in the municipalities. A better
understanding of the interactions between crops and
soil fertility will help to inform decisions aimed to
increase crop productivity.

Soil quality is a major proxy for soil functional
capacity within the ecological and land-use limits,
while maintaining productivity and plant health.
Soil degradation leads to a reduction in ecosystem
functions and services of interest to humans and
conservation of nature. According to the results,

414

the macronutrients P and Ca displayed high values
and S content was low. Phosphorus, an essential
nutrient for plant development, interacts with other
nutrients such as C and N. On the other side, when a
high Ca level cannot be absorbed, it combines with
other components to create non-soluble compounds
that are difficult for plants to absorb. Cation ratios
Mg/K, Ca/K and (Ca+Mg)/K indicated a deficiency of
potassium. Correlation analyses suggest that Fe is
interacting with Cu and that Ca is interacting with CEC.
The PCA indicated that crop physiological processes
depend on a balance between the parameters K, Ca,
CEC, EC, Mg and of the cation ratios Mg/K, Ca/K, and
(Ca/Mg)K. On the other hand, the SQIl indicates high
quality levelsin soils assessed at 200 productivity units
in selected municipalities of the Sucre Department
of Colombia. Indicators S, P, Mn, Fe, Zn, Cu, K, and
Na determined the current fertility status of studied
soils. Therefore, it is recommended to monitor these
soils, implementing fertilization plans according to
the needs of each assessed soil. Physicochemical
and cation ratio results will inform decision-making
in order to define corrective strategies to increase
soil fertility increase within the study area, as well as
to develop decisions and actions at the national and
local levels. A proper understanding of the conditions
and dynamics of soil fertility is fundamental for
food safety and the sustainable development of
the agricultural system. In Latin America, Colombia
is the third country with the highest resources,
climate diversity, and annual precipitation rates,
characteristics that favor its role in food production.
Therefore, Colombia is considered by The United
Nations Food and Agriculture Organization (FAO)
as a country with great potential to be a pantry of
the world. In this context, to ensure food security,
regulatory measures should be implemented in
agricultural activities and soil management. In this
sense, the results of this study will serve as a baseline
to propose monitoring and follow-up strategies on
the agricultural practices in the region. Fertility was
assessed using simple procedures and available
information, which implies that this methodology can
be replicated in other Colombian departments.
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Prior to the COVID-19 pandemic, Hoi An City was one of the
most famous tourist destinations in the world. This led to a rapid increase in solid waste generation,
leading to problems and challenges in solid waste collection and management. This problem is also
being experienced by other developing countries of the world. Despite the existence of established
waste management strategies, targets set for the collection of recyclable waste have not been met.
This study introduces solutions to the problems and challenges faced by the waste management
sector in Hoi An city and other developing countries. This study aimed to i) optimize the map of the
recovery recycling stations in an urban community, ii) develop an effective solid waste collection
system, and iii) provide management tools to enhance recycling activities, contributing to improving
waste management in Hoi An city.

The RRSs were integrated into a solid waste collection system in the urban communities
of Hoi An City, were conducted through location-allocation analysis in a geographic information
system environment. Routing problems of carts were solved in the combination of the rescheduling
of existing solid waste collection activities in the study site. The economic evaluation by scenarios
was also calculated for ten years to assess the feasibility of scenarios.

Thirty-four locations were identified and optimized to accommodate the RRSs and new
collection routes. The distances travelled and working time increased in proportion to the increase
in waste separation effectiveness. Waste separation is vital to the effectiveness of the new solid
waste collection system. The optimal solid waste practice model (in scenarios 2 and 4) revealed
the positive results in improving the solid waste collection system, operating economy, and local
adaptation.

This study redesigned the solid waste collection system to solve the current problems
in the tourism destination of Hoi An city. This study contributed as a case study of integrating urban
recovery recycling stations into optimizing a solid waste collection system in a tourism destination.
Introducing strict waste separation was the pivotal first step in systematically upgrading the solid
waste collection system in Hoi An City. This study’s findings provide government officials and service
providers with methods that can be applied to solve the problems faced by Hoi An city’s existing
solid waste collection and management system.
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The urgency for enhancements to the solid
waste collection system (SWCS) has arisen due
to the boom in the tourism industry. An increase
in tourist numbers over recent years has brought
about many environmental problems, specifically
an increase in solid waste generation (Zambrano-
Monserrate et al., 2021). The upsurge in solid waste
generation has increased the challenges faced in the
solid waste management (SWM) of governments
globally (Sharma, 2016). Hoi An City is categorized
as a UNESCO World Heritage Site (Giang et al.,
2017). The upsurge in tourism-related activities
has resulted in a dramatic increase in solid waste
generation in Hoi An City (Song Toan et al., 2018).
This is the biggest challenge faced by SWM in Hoi An
City. Solid waste collection (SWC) is one of the most
critical components of an SWM system, accounting
for between 50% and 90% cost of SWM (Das and
Bhattacharyya, 2015). The SWCS in the tourism
destination of Hoi An city (TDoHAC) has been facing
many problems, namely illegal SWC that is not in
line with current laws and procedures (Cuong et
al., 2021), improper gathering waste practices,
and comingling separated solid waste (Song Toan
et al., 2019). The enhancement of the SWCS in
TDoHAC was an urgency for tourism activities and
sustainable development. Currently, the SWM
national strategies in developing countries are
focused on enhancing the recycling system towards
a sound-material cycle society (Sharma Kapil and
Jain, 2019). In Vietnam, solid waste is required to
be separated into recyclable waste, food waste, and
other waste by the new national environmental
protection law (NASRV, 2020). Moreover, the
adjustment of the national strategy for integrated
management of solid waste also highlighted that
SWM must consider the life cycle of solid waste
from generation to final treatment (PMSRYV, 2018).
Despite the strategies towards the reversed logistic
system for recyclable waste, the implementations
in the developing countries have not achieved the
expected results and faced many problems. The
informal recycling system in developing countries
may not be efficient in recovery and recycling
(Zhu et al., 2021). In Vietnam, about 10% of total
domestic waste was recycled (The World Bank,
2018). A significant amount of recyclable waste was
detected at the landfills (Song Toan et al., 2021).
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The recycling activities are operated by the informal
and private sectors, which are the scavengers,
waste pickers, and junk shop collectors. Despite the
vital role of the informal sector (Tong et al., 2021),
the operation of informal systems, particularly in
developing countries, normally contributed to local
pollutants (Bali Swain et al., 2020). The informal
recyclers usually adopted outdated technologies
and improperly managed pollutants, leading to
the environmental pollution of air, soil, and water
(Yang et al., 2018). The operation of informal
sectors conflicts with the environmental goals of
the government. So, the transition from informal to
formal recycling system is inevitable. The integration
of informal sectors into formal SWM system can
enhance the management practices to ensure
environmental protection in a systematic approach.
This integration can also help local authorities
in actualizing the strategies of SWM on waste
separation and integrated SWM. The transition from
the informal to the formal recycling system may lead
to a restructuring of the municipal SWM system,
whereby a redesign of the integrated collection
system is inevitable. In this study, the Recycling
Recovery Systems (RRSs) will be established to
collect recyclable materials from resident areas.
The integrated collection system is also studied and
optimized. The changes were intentionally made to
the entire system by integrating RRSs with the aim
to formalize the reversed logistic system. Moreover,
the optimization of collection routes falls typically
under the umbrella of vehicle routing problem
(VRP) and arc routing problem (ARP). ARP is used
to SWC in case the solid waste is discharged along
a street segment. ARP is considered as Capacitated
ARP if there is a vehicle capacity constraint (Wghlk,
2008). CARP is proven to be an NP-hardness
(Nondeterministic ~ Polynomial  time-hardness)
problem that requires many resources to solve
(Liu et al., 2021). The counterpart of ARP is VRP,
which solves problems of SWC for truck fleets to
travel between depots and collection points. This
problem also falls into capacitated VRP if routing is
constrained (Longo et al., 2006). The optimization of
collection routes of TDoHAC was conducted under
the umbrella of VRP due to the existence of solving
tool integrated into geographic information system
(GIS) software. It is undeniable that SWM has spatial
nature. Thus, taking advantage of new technologies,



namely GIS, should be prioritized. GIS is a popular
tool in environment-related studies. There are
many GIS applications used for optimization in
SWM. TransCAD and ArcGIS have been the two
most popular tools for optimization (Murray, 2021).
ArcGIS Network Analyst (ANA) was applied for the
optimization of SWCS. A study used ANA to analyze
SWC and create optimal vehicle routes in three
waste collection scenarios in Sfax, Tunisia. Thanks
to ELECTRE Ill method, this study suggested an
efficient and environmentally-friendly scenario
for SWC (Amal et al., 2020). ANA was also used to
optimize the collection routes of dustbins in Vellore
city, India. The method for choosing the transfer
station was the median center following various
design factors to minimize Euclidean distance. The
optimized routes showed a reduction of 59.12% in
traveled distances (Lella et al., 2017). In Vietnam, a
study conducted optimization of SWC with a focus
on interrelationships between parameters in a
dual-phase SWCS. A GIS-based dual-phase model
was built, and total system cost was estimated
in Hai Phong city, Vietham. The model showed a
13.76% reduction in travel distance (Hoang Lan
et al., 2018). Another study proposed a model for
optimizing municipal SWC in a static context and a
dynamic context using GIS analysis, equation-based
modeling, and agent-based modeling in Ha Giang
city, Vietnam. The results showed a reduction in cost
by 11.3% (Khanh et al., 2017). Above-mentioning
studies have strongly optimized the distances and
time of collection routes without much concerning
the waste separation program. This study designed
and planned SWCS of TDoHAC based on the existing
SWCS in considering its problems and challenges,
especially solid waste separation program. The
applications of ANA into optimizing SWC in Vietnam
and Hoi An city were still limited. This would be
the first effort to apply ANA to the optimization of
SWCS in Hoi An city, Vietnam. Moreover, integrating
the RRSs system into SWCS was considered a
comprehensive solution for actualizing the SWM
strategies and targets of collecting recyclable waste.
This study integrated the collection of recyclable
waste through urban RRSs into the official SWM
system. This can be suggested as the first research
to consider integrating informal recyclable waste
collection into the official SWM system regarding
optimization of SWCS in Vietnam and among

developing countries. The aims of the current study
was an effort to i) optimize the map of the recovery
recycling stations (RRSs) in an urban community, ii)
develop the solid waste collection system, and iii)
provide management tools to enhance recycling
activities and improve waste management in Hoi An
city.

Hoi An city is a famous tourist city in the central
of Vietnam (Fig. 1). The downtown in the city’s
centre is the core tourism destination which attracts
about 5,000 tourists per day. The tourist activities
cause the high density of waste generation in the
tourism area by 15 ton/km? (Song Toan et al., 2019),
which has brung many negative impacts on the
environment and landscape of the world cultural
heritage site.

The main component of solid waste in TDoHAC
was kitchen waste, accounting for 46.8% of total
waste generation. Tissue, garden waste, and
plastic bags were also the significant components
with 11.54%, 8.68%, and 7.84%, respectively. The
other waste were glass (1.83%), incombustible
waste (1.56%), combustible waste (1.13%), textile
(2.88%), rubber (0.84%), leather (1.34%), as well as
wood and bamboo (1.7%). Notably, the proportion
of recyclable waste was 12.85%, including metal
(1.16%), paper (3.79%), cardboard (3.9%), plastic
(2.95%), and PET (1.05%) (Song Toan et al., 2019).
These types of waste were recyclable and valuable,
which were usually sold to junk shops. Thus, the
solid waste from TDoHAC illustrated a high potential
for recycling. However, only a small amount of
recyclable waste was collected by waste workers
in TDoHAC, while the remaining large amount
of recyclable waste was mainly collected by the
informal sector (Song Toan et al., 2019). This study
made an effort to integrate the activities of the
informal sector into formal SWM. Regarding SWCS,
waste is collected daily by carts and trucks, two
primary vehicles for SWC in TDoHAC. Carts are also
used for collecting waste from street sweeping.
There are two meeting points for carts, where carts
gather to meet compaction trucks. The capacity of
compaction trucks ranges from 6 to 9 m3. There
were four main sessions of SWC, Early morning,
Morning, Afternoon, and Evening. The majority of
the workload was conducted in the morning. The
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amount of solid waste generated was 15,807.16 kg,
and the amount of solid waste storage in TDoHAC
was 212.62 kg (Fig. 2). Solid waste was mingled and
discharged at a landfill or waste treatment facilities.

There were problems in the current SWCS.
The separated waste was mixed before being
transferred to waste treatment facilities due to
no distinct routes for collecting separated solid
waste. Solid waste was also illegally discharged
into carts and trucks. The biodegradable waste,
which harms tourism activities, was only collected
every two days. The business sectors showed no
enthusiasm for storing biodegradable waste, so that
they illegally discharged biodegradable waste into
carts or trucks on Tuesday, Thursday, and Saturday.
Regulation on time of waste gathering (5:00 AM —
6:00 AM) was commonly violated because citizens
gathered waste along the street right after the end
of business activities, causing adverse effects on
urban aesthetics and tourism activities (Cuong et
al., 2021). This led to an urge to optimize SWCS in
TDoHAC.

The planned scenarios for solid waste collection

The planned scenarios (S) were found based
on two concepts of minimization (S1 and S2) and
optimization (S3 and S4). Four scenarios were
constructed to address existing problems of SWCS
in TDoHAC. The construction of these scenarios
also considered new procedures about solid waste
separation at source and the existing condition of
waste treatment facilities of Hoi An city. Solid waste
in Hoi An city is separated into recyclable waste and
mixed waste (S1 and S2) as well as recyclable waste,
combustible waste, and bio-degradable waste
(S3 and S4). Despite concepts and scenarios, the
municipal separation and collection of recyclable
materials were compulsory due to Vietnamese
strategies. This denoted the intense relationships
between scenarios and national strategies on SWM.

Fig. 3 shows the waste flow of S1 and S2. The
appearances of CART-Rec and RRSs were showed and
no waste was stored. Solid waste was separated into
recyclable waste and mixed waste. Moreover, the
time for curbside collection of trucks were changed
to start at approximately 0:15 AM. The amount
of recyclable waste increased from 489.91 kg (S0)
to 1028.58 kg (S1) and 1579.49 kg (S2). S1 and S2
addressed the problems of existing SWCS. No waste

stored and daily collection of bio-degradable waste in
TDoHAC can satisfy the demand of business sectors.
Distinct routes for collecting recyclable waste meant
that there would be no mixture of separated waste.
The time frame for SWC was changed to meet the
requirements of tourism activities.

Fig. 4 denotes the flow of solid waste for S3 and
S4. No waste was kept in TDoHAC, being similar to S1
and S2. S3 and S4 were constructed for the increase
in waste separation effectiveness. The SWCS in
these two scenarios was more complex compared to
other scenarios. There were appearances of CART-
Com (carts for combustible waste collection), CART-
2 Compartments (carts for sweeping in S3 and S4 in
addition to CART-Rec. The trucks were distinctly used
for collecting biodegradable waste (TRUCK-Bio),
combustible waste (TRUCK-Com), and recyclable
waste (TRUCK-Rec). Moreover, the time frames for
curbside collection of trucks (biodegradable waste
and combustible waste) were also changed, from
0:15 AM to 5:00 AM.

Process of optimization

Thisresearch was conducted in three main stages:
preparing GIS data, Creating network datasets, and
Using ANA to analyze the results (Fig. 5).

Stage 1: Preparing GIS data

This study is performed from December 14,
2019, until March 7, 2020, to collect the spatial
data related to SWC in TDoHAC using 747A+ GPS
Trip Recorders (Cuong et al., 2021). Population
information was collected by document review
(Song Toan et al., 2019). Slope and elevation data
are not integrated into the model due to the plain
research area (Fig. 1).

Stage 2: Creating network dataset
Firstly, the study manually chose the locations
for candidate RRSs due to the below criteria.

= Existing locations of bins

= The governmental procedures must
be satisfied

] The distances between locations are
not larger than 250 meters (Zamorano et al., 2009)
] RRSs must not impede citizens’
commuting (Zamorano et al., 2009)

] RRSs should be located in the

passable roads (Zamorano et al., 2009)
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. RRSs must ensure the minimum candidate RRSs were then used for location-

distance from the demographic unit (DU) to the
nearest bins (Pires et al., 2018)
] The service area of RRSs must be
maximized

At the end of this stage, the locations of the
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allocation analysis in the following stages.

The second part is about routes for combustible
waste collection by carts. Results of surveys denoted
that the total amount of waste collected was similar
among the existing four main routes of compaction
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Fig. 4: Waste flow of S3 and S4

trucks. Thus new routes for combustible SWC by
carts were built based on these routes. However,
these routes were the curbside collection in
densely populated areas. Thus optimization of the
combustible SWC falls under the umbrella of ARP.
The ARP was converted into VRP based on available
conversion between ARP and VRP (Baldacci and
Maniezzo, 2006). Line data was converted into point

data, with the distance between points being five
meters.

Stage 3: Using ANA to analyze the results

ANA solved VRP of compaction trucks and carts
as well as optimized locations and numbers of RRSs.
Handy carts started and ended at the parking areas.
However, vehicles must be empty before coming
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back to parking areas. This was not supported in
ANA so that this problem was solved in two steps.

Step 1: The carts started at the parking area and
collected waste from stations. Then, they moved to
meeting points to discharge the waste. The average
speed chosen was 3 km/h.

Step 2: The carts came back to the parking area
from meeting points. The starting points were
meeting points, while the endpoint was the parking
area. The average speed chosen was 5 km/h (1.389
m/s) (Cavagna et al., 1983).

Rescheduling existing SWCS was also conducted
in this stage. The time frames of four compaction
trucks (curbside collection) were changed to early
morning. The routes of sweeping, compaction trucks
(curbside collection) remained unchanged.

Economic assessment by scenarios
The cost-benefit analysis was calculated in ten
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years. The salary in the early morning was duplicated
due to regulations on labour (GSRV, 2015). The
average salary of drivers and workers was about 217
USD/month. 30.4 was the average number of days
in a month. Moreover, the financial loss of SWM was
about 17,007 USD/year (Song Toan et al., 2019).

The economic benefits of applying new SWCS by
scenarios were calculated using Eq. 1.
EB= B, + MRW —(IV+MR +0C,, +0C,) (1
)

The money from selling recyclable waste was
calculated using Eq. 2.
Brw = Arw - Pry ()

Where;
B,,- money from selling recyclable waste (USD).



A, estimated amount of recyclable waste by
scenarios

P.w: the price of the recyclable waste

Prices were 634 USD/ton for metals, 95 USD/
ton for plastics, and 90 USD/ton for paper (HAPWC,
2017). Metal, sellable plastics, and paper accounted
for 1.16%, 4%, and 7.69% of waste generation in
TDoHAC (Song Toan et al., 2019). Thus the average
price for recyclable waste was 141 USD. Fluctuation
in the price of recyclable waste was assumed
insignificant during the three years.

The money gained from reducing waste to
landfill were calculated using Eq. 3.

MRW = RW +CW + BW (3)

Where;

MRW: money gained from reducing waste to landfill
RW: money gained from reducing recyclable waste
to landfill

CW: money gained from reducing combustible
waste to landfill

BW: money gained from reducing biodegradable
waste to landfill

The initial investments for RRS and CART-2
Compartments were calculated using Eq. 4.

IV = [V + 1V, (4)
Where;

IV: Initial investment for RRS and CART-2

Compartments

IV, Initial investment for RRS (130 USD/RRS)
IV, Initial investment for CART-2 Compartments
(130 USD/cart)

The costs for maintenance and repairing for RRS

and CART-2 Compartments were calculated using

Eq. 5.
MR = MR, + MR, (5)
Where;

MR: Maintenance and repairing cost for RRS and
CART-2 Compartments
MR,,: Maintenance and repairing cost for RRS
MR_,.; Maintenance and repairing cost for CART-2
Compartments

The standard repair and maintenance rates of an
RRS or a two-compartment cart were 15% per year
(Hoang Lan et al., 2018)

The operational costs for truck fleets were
calculated using Eq. 6.

OCTruck = Fuel+ SDriver + SWfTruck (6)

Where;

OC, ..: Operational costs for truck fleets

Fuel: Cost for additional distances that truck traveled
(0.84 USD/km) (Hoang Lan et al., 2018)
S_ . :Salary for drivers

Driver

Su e Salary for workers followed trucks

The operational costs for CART-Rec and CART-2
Compartments were calculated using Eq. 7.

OClui = Sw ree T Sw 2com (7)

OC__.: Operational cost for CART-Rec and CART-2

Cart”
Compartments
S ree: Salary for workers driving CART-Rec

S : Salary for workers driving CART-2

W_2Com*
Compartments

A total of 204 candidates were chosen for
location-allocation analysis. Table 1 illustrates the
results of the location-allocation analysis. The

Table 1: Results of location-allocation analysis for choosing RRS locations

Maximum walking distance

Content of analysis

100 m 150 m 180m 200 m
Number of RRS 93 49 34 31
Number of Demographic Unit (DU) 8045 8045 8045 8045
Number of DU covered 7608 7980 8037 8037
Percentage of coverage (%) 94.57% 99.19% 99.90% 99.90%
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numbers of RRS had inverse relationships with
maximum walking distance and the number of DU
covered. The number of RRSs decreased from 93 to
31 when the maximum walking distance increased
from 100 meters to 200 meters as well as the number
of DU covered increased from 7608 to 8037. TDoHAC
is a crowded area with tourism activities so that the
number of RRS must be minimized. Operational
cost proportionally relates to the fluctuation in
the number of dustbins or transfer stations (Hoke
and Yalcinkaya, 2020). The percentage of DU used
designated dumping was reduced to 55.2% if the
distance from DU to dumping sites was more than
200 m, and an increase of 1% in the distance led to a
rise of 0.48% in improperly discharging waste (Wang
et al., 2018). The maximum distance of 180 m was
chosen for the subsequent analysis of CART-Rec.
This maximum distance was also 20 m larger than
the optimal results of the city of Mashhad (Erfani
et al., 2017). The bins in the Mashhad were for
mixed waste so that the maximum distance of 180
m would be over the requirement of the number of
bins. However, in Hoi An city, RRSs were designed

for recyclable material, in which the amount of
waste would be far lesser. Moreover, the maximum
distance of 180 m meat that the number of RRSs can
be reduced compared to 150 m. Thus, a maximum
distance of 180 m was chosen for TDoHAC due to
existing local conditions.

The optimized collection routes by scenarios

Figs. 6, 7, 8, and 9 show that the SWCS was
gradually more complex, from S1 to S4. The RRSs
and collection routes of recyclable waste appeared
in S1 (Fig. 6). The study integrated the system of
RRSs and created collection routes for Cart-Rec in
all four scenarios. This was an effort to make the
collection of recyclable waste official in TDoHAC. Fig.
8 denoted the appearance of routes for combustible
waste. The increase in the variety of vehicles for
SWC was also denoted from S1 to S4 (Figs. 6, 7, 8,
and 9).

The new collection routes can combat existing
problems and challenges of the current SWCS in
TDoHAC. Firstly, the solid was not stored in the
TDoHAC. Solid waste was collected three times

(b) Morning

(c) Afternoon

(d) Evening

Fig. 6: Collection route of S1
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(a) Early morning

(c) Afternoon (d) Evening
Fig. 7: Collection route of S2
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Fig. 8: Collection route of S3
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(c) Afternoon

(d) Evening

Fig. 9: Collection route of S4

a day, meeting the demand of business sectors of
no waste storage. This satisfied the demand from
business sectors in the study site. The TDoHAC was
in a high density of ancient buildings with small
areas so that the solid waste storage in the study
site was not welcomed. The new collection system
solved the demand of business sectors. Secondly,
the citizens’ belief in solid waste separation program
will be boosted. The current SWC practices of mixing
waste after being separated led to the citizens’
doubt on solid waste separation program. Regarding
new collection system, there were different routes
for the collection of separated waste in TDoHAC.
The appearance of distinct routes would limit the
commingling of separated waste. Thirdly, the new
procedures for conducting solid waste separation
were fulfilled. Solid waste was separated into two
types in the minimization concept and three types
in the optimization concept. This ultimately met the
requirements of new Vietnamese regulations and
strategies on SWM. Fourthly, the new SWCS can
also minimize the risk of illegal collection due to
rescheduling time frames and frequencies of SWC.

430

The changes in the timeframes for the curbside
collection by trucks to early morning also solved the
existing improper waste gathering practices since
the solid waste was soonly collected right after the
end of business activities. Finally, the collection
routes for urban RRSs system were created and
optimized. The foundation of urban RRSs system
was the first step for integrating the informal sector
into the SWM. Thus, the optimized routes ensured
the operation of these RRSs.

Table 2 illustrates information on SWCS by
scenarios. Distance and time proportionally
increased with the complexity of scenarios and the
effectiveness of waste separation. Distance and time
were largest in S4 that waste separation was most
effectively conducted. Distance traveled by truck
increased from 83.98 km (SO, S1, S2) to 89.7 km (S3,
S4). In contrast, working time increased by three
hours between SO, S1, S2, and S3, S4. Regarding
carts, the total distance traveled increased from
160.82 km (S0) to 191.07 km (S1), 193.36 km (S2),
280.90 km (S3), and 290.98 km (S4) while working
time increased from 172.89 hours (S0) to 174.99



Table 2: The information for the solid waste collection by scenarios

SO S1 S2 S3 S4
Content of analysis
Truck Cart Truck Cart Truck Cart Truck Cart Truck Cart
Distance (km/day) 83.98 160.82 83.98 191.07 83.98 193.36 89.77 280.90 89.77 290.98
Time (hour/day) 13.52 172.89 13.52 174.99 13.52 178.94 16.59 207.25 16.59 210.40
Driver 4 4 4 5 5
Labour Worker 8 8 8 8 8
(person/day) (Truck)
Worker
(Cart) 52 63 65 81 83
Truck (trip/day) 8 8 8 11 11
Traditional Cart (trip/day) 59 61 64 24 27
Two-compartment cart
(trip/day) 52 52
Number of truck 5 5 5 5 5
Number of traditional carts 18 31 35 12 13
used
Number of two- 31 31
compartment carts used
400,000
300,000
200,000 .
! =¥=Scenario 0
a
3 —&—Scenario 1
« 100,000 .
= Scenario 2
D .
Scenario 3
0
P— 5 04
1 3 4 5 6 7 8 9 10 cenario
-100,000
-200,000
YEAR

Fig. 10: Economic assessment by scenarios

hours (S1), 178.94 hours (S2), 207.25 hours (S3),
and 210.40 hours (S4). The number of trips of carts
increased approximately 30%, from 59 trips (SO) to
76 trips (S3) and 79 trips (S4). This increase was due
to recyclable waste and combustible waste collection
by traditional carts. The largest number of trips for
carts in S3 and S4 belonged to the two-compartment
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carts, 52 trips a day. The combustible waste was also
collected in sweeping (S3 and S4), leading to the
change from traditional carts to two-compartment
carts. The number of carts used fluctuated from 38
carts used in SO to 34, 35 carts in S1 and S2 as well
as 43 and 44 carts in S3 and S4. While traditional
carts were popularly used in S1 (38 carts), S2 (34



carts), and S3 (35 carts), the two-compartment carts
were dominantly used in S3 and S4, with 31 two-
compartment carts in each scenario. The increase
in complexity and numbers of new collection routes
also led to a need for more workers and drivers
and enhanced the management skills of the service
provider’s staff. In general, the implementation of
new collection systems required more resources.
The workload, working time, traveled distances,
and the number of workers increased primarily in
S2 and S4. The economic benefits of applying new
collection systems would be the driving force for the
service provider (Fig. 10). Moreover, the strategies
and regulations on SWM were achieved. Thus, the
tradeoffs for the changes would be acceptable.
Economic assessment by scenarios

Fig. 10 denotes the economic assessment by
scenarios in TDoHAC. S2 marked the financial gain,
while SO (existing SWCS) indicated the highest
financial loss in ten years. SO showed the financial
problems of the existing SWCS. lllegal SWC led to
financial loss and detriments to the environment by
increasing the amount of mixed waste discharged at
the landfill. As a result, the enhancement of SWCS
was an urgent need for TDoHAC. The effectiveness
of waste separation illustrated a critical role in
enhancing the SWCS. Regarding the minimization
concept, the economic gain from conducting the
new SWCS of S2 was approximately three times
larger than S1. The recyclable waste in S2 was about
1.6 tons/day, while that of S1 was only about 1 ton/
day. This was the explanation for the differences
in financial gain between S1 and S2. In terms of
optimization concept, the effectiveness of solid
waste separation again showed a critical role. In S3,
the financial gain was highly negative at -140,139
USD compared to S4 with 14,675 USD after ten years
(higher effectiveness of solid waste separation at
source). In S3 and S4, solid waste was separated into
three types, namely recyclable waste, combustible
waste, and biodegradable waste. A variety of waste
types meant that the operational costs would
increase due to the collection of combustible waste.
However, the financial gain of S4 was positive
despite the adverse financial gain in the initial
three years. Additionally, the financial gain did not
consider the benefits of selling compost produced
from biodegradable waste due to its high economic
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value (Limon and Villarino, 2020). This showed
that the optimization of SWCS was economically
feasible; if any, the effectiveness of solid waste
separation fulfilled the expectations of scenarios.
These results were also similar to another study on
the cost efficiency of selective collection. The cities
conducting selective collection were more cost-
efficient in spite of higher costs escalating (Campos-
Alba et al., 2021).

The cooperation of citizens and business sectors
plays a vital role in the success of waste separation
program and the implementation of a new collection
system (Weekes et al., 2021). The effectiveness and
implementation of solid waste separation at source
in Vietnam were the most serve problems (Lien et
al., 2021). Fortunately, citizens showed a positive
attitude towards running the waste separation at
source program if the separated waste could be
collected daily (Song Toan et al., 2019).

This study redesigned the SWCS due to the
planned scenarios of SWM practice. The current
problems of SWCS in TDoHAC were addressed.
ANA was used to define new routes for CART-Rec,
CART-Com, trucks and identify the optimal locations
of 34 RRSs. The integration of new urban RRSs was
analyzed and illustrated through the optimized
process. The maximum distance of 180 m was
chosen due to the constraints of social behaviours
and requirements of tourism activities in TDoHAC.
Thus 34 urban RRSs were identified and located in
TDoHAC as the recovering facilities for recyclable
waste. The establishment of RRSs was considered as
the first effort to formalize activities of the informal
sector in Hoi An city. ANA solved routing problems of
carts and trucks in TDoHAC. The collecting distances
and working time increased with effectiveness in
waste separation. Total collecting distance by truck
increased from 83.98 km (SO, S1, S2) to 89.7 km (S3,
S4) while working time by truck increased by three
hours between the group of SO, S1, S2 and the group
of S3, S4. Regarding carts, total distance traveled
increased from 160.82 km (S0), to 191.07 km (S1),
193.36 km (S2), 280.90 km (S3), and 290.98 km (S4)
while working time increased from 172.89 hours
(S0) to 174.99 hours (S1), 178.94 hours (S2), 207.25



hours (S3), and 210.40 hours (S4). The economic
assessment results showed the positive results
of applying the new collection system. S2 and S4
indicated the benefits of 349,652 USD and 14,675
USD after ten years. However, the effectiveness of
solid waste separation was the precursor to the
success of applying the novel collection systems.
The failure in solid waste separation would also lead
to unsuccess in improving the solid waste collection
system. S3 showed a loss of 140,139 USD after ten
years of application. Future studies should focus
more on improving the effectiveness of solid waste
separation at soure, which would be the challenge
of many developing countries in the world.
Governmental officials and service providers benefit
from the findings on strategically managing SWCS to
boost the effectiveness and efficiency of SWCS in Hoi
An city. The two concepts of minimization (S1 and
S2) and optimization (S3 and S4) and their tradeoffs
were clearly illustrated to officers and managers in
Hoi An city. Moreover, the concept of converting the
informal sector into the formal sector would also be
the solution for achieving the national strategies on
SWM, especially the collection of recyclable waste
towards the sound-material cycle society. This study
contributed as a case study of the application of
ANA and the integration of urban recovery recycling
stations into the optimization of SWCS for a tourism
destination. The novelty of this research was the
integration of the informal sector into the SWM
system to formalize the operation of recyclable
collection in a systematic view. Despite the national
strategies of developing countries towards a sound-
material cycle society, the holistic practices have
not been well mentioned and researched. This
study was an effort to actualize the SWM strategies
and national targets of collecting recyclable waste
of developing countries towards a sound-material
cycle society.
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UNESCO The United Nations Educational,
Scientific and Cultural
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USA The United States

usb The United States dollar

USD/cart United States dollar per cart

USD/km United States dollar per
kilometre

USD/month United States dollar per month

USD/RRS United States dollar per
recyclable recovering station

USD/ton United States dollar per ton

UsD/year United States dollar per year

VRP Vehicle routing problem
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The existence of organic matter is one of the main issues for
wastewater reclamation since chlorination is applied most frequently before use wastewater
reclamation for many purposes. One of the eco-friendly and effective methods is using
innovative material through resin immobilized heterogeneous photocatalyst, which is based on
the principle of advanced oxidation processes. Resin immobilized photocatalyst has been using
for pollutant reduction, however lack of studies focused on dissolved effluent organic matter
and its impact on the formation carcinogenic as by-product of water or wastewater treatment.
This study aims to characterize organic matter by resin immobilized photocatalyzed titanium
dioxide and zinc oxide and to determine its effectiveness in removing organic matter and
potential for disinfection by-products in treated wastewater compare with resin only.

The bulk parameters, including total organic carbon, aromatic organic carbon as
ultraviolet at 254 nm wavelength and specific ultraviolet absorbance value, and disinfection
by-products formation potential, including trihalomethanes and haloacetic acids concentration
was measured.

The results present that all materials could remove organic carbon in the range
58.18% - 93.45%, aromatic organic carbon removal 48.77%- 76.51%, and specific ultraviolet
absorbance value decreased into less than 2 L/mg-m after longer contact time. Disinfection by-
products formation potential concentration removal decreased and indicated the consistency
results with bulk parameters removal. Resin immobilized photocatalyzed zinc oxide performed
a higher efficiency removal than resin immobilized photocatalyzed titanium dioxide and resin
only.

This study exhibited the performance of resin immobilized photocatalyst
with titanium dioxide and zinc oxide in removing dissolved organic matter and to control
the formation of disinfection by-products. A combination between bulk parameters and
disinfection by-products formation potential removal concluded that the aromatic structure,
was mainly haloacetic acids precursors, while the non-aromatic organic fraction was probably
trihalomethanes precursors.
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Wastewater reclamation has been an alternative
way for conserving water resources for sustainable
usage. It will continue to be the advantage of
industries since it will reduce operational costs and
decrease wastewater discharge quantity. Several
methods have been designed for wastewater
reclamation to remove organic matter using
membrane filtration, adsorption onto activated
carbon, chemical oxidation, removing suspended
solids by filtration, removing nutrients by biological
process, and removing pathogen disinfection
processes (Englande et al., 2015). However, the
usage of cost-effective, eco-friendly, and sustainable
agents such as electrons, microorganisms, sunlight,
and enzyme has been applied to degrade pollutants
in the most effective ways to completely resolve the
requirements for the quality of effluent wastewater
reclamation (Yadav et al., 2019). The chlorination
method, wastewater disinfection which is regarded
as costly processes, is most frequently applied
before use wastewater reclamation for many
purposes. It is applied to protect humans against
exposure to waterborne pathogenic microorganisms
(Nieuwenhuijsen et al, 2009). However, the
reaction between the existence of organic matter
in treated water/wastewater and chlorine or the
other chemical disinfection can rise the formation
of carcinogenic and disinfection by-products (DBPs)
that are possibly detrimental to human and aquatic
organisms (Liang and Singer, 2003; Bond et al.,
2012; Hidayah et al.,, 2016). Even tertiary-treated
wastewater can contain high total nitrogen (TN), and
it lead to the other species of DBPs formation which
caused by nitrogen, such as nitrosodimethylamine
or NDMA (Najm and Trussell, 2001), and a high
organic carbon concentration can conduct to the
formation of numerous chlorinated DBPs species
after exposure to chlorine (McBean et al., 2010).
Although chlorine toxicity can be anticipated by
dechlorinating the effluent before its usage, it
does not reduce DBPs concentration (Verdugo et
al., 2020). Therefore, it is necessary to consider
the selected technology that could simultaneously
reduce organic matter and remove pathogens during
wastewater reclamation treatment. The alternatives
of the greenness and efficiencies processes
are an integration of nanotechnology with the
conventional technique to enhance the quality of
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effluent wastewater treatment. lon exchange using
resin technology is one of the promising physical
treatment process to remove pollutant (Cornellisen
et al., 2008). Resin is mainly used as ion exchange
materials which are high molecular weight insoluble
polyelectrolytes that can release counter ions to
trap equally charged ions from surrounding liquid.
Less information about harmful effect of resin has
been reported, probably due to the usage of resin
has been managed well. At the same time, it is
unable to remove or break out the pollutants when
solely utilized thoroughly. Using a new innovative
material through resin immobilized heterogeneous
photocatalyst with ultraviolet (UV) light or sunlight
is based on the principle of advanced oxidation
processes (AOPs) for wastewater treatment is an
alternative materialthatcouldbeappliedinadvanced
technologies (Pachwarya and Meena, 2011; Bethi et
al., 2016). The developed photocatalyst Methylene
Blue Immobilized Resin Dowex-11 (MBIRD11)
has been studied as an alternative process to
remove high pollutants. However, it has not yet
been opportunely implemented because of the
economic issues and problems related to separating
photocatalyst particles from the suspension after
treatment (Pachwarya and Meena, 2011). The oxide
semiconductor photocatalysts, such as titanium
dioxide (TiO,), have performed to be the most
widely implemented due to their strong oxidizing
power, long-term photostability, and non-toxicity
(Uyguner et al., 2017). Recently, zinc oxide (ZnO)
has been applied as an alternative photocatalyst
to TiO, as it has the same bandgap energy and
suitable highest quality of electrical, optical and
mechanical properties but shows a higher efficiency
of absorption across a significant compound of the
solar spectra when compared to TiO, (Ong et al.,
2018). In this study, the removal of bulk parameters
of organic matter from tofu wastewater used for
reclaimed water was investigated on resin only and
resin immobilized with two different photocatalysts,
namely TiO, and ZnO. Bulk parameters includes
organic matter parameters through quantitative
analysis,and qualitatively analysis through high
performance size exclusion chromatography,
which is fractionated organic matter based on its
molecular weight. Fluorescence spectroscopy could
assess organic matter based on its fluorophores
organic matter (Sillanpaa et al., 2015; Hidayah et al.,



2016). The results will be related to DBPs formation
potential (DBPFP), including haloacetic acids
(HAAs) and trihalomethanes (THMs). Roughly, this
study exhibited characterization of organic matter
and its impact on the possibility of the formation
halogenated organiccarbonthroughresintreatment.
The aims of the current study is to characterize
organic matter by resin immobilized photocatalyzed
TiO, and ZnO and determine the effectiveness of
resin immobilized photocatalyst TiO, and ZnO in
removing organic matter and in reducing DBPFP of
treated wastewater. This study has been carried out
in Water Laboratory of University Pembangunan
Nasional Veteran Jawa Timur Indonesia in 2021.

This study used source water from the effluent of
the settling tank after the activated sludge process
in the tofu wastewater treatment plant in Surabaya,
Indonesia, which was collected in July 2021. The first
step was preparing resin-immobilized photocatalyst
TiO, (RIP-TiO,) and ZnO (RIP-ZnO) with ratio
photocatalyst over Dowex-11 resin 1:10 in 1000
mL distilled water and shake well in the dark place
for three days in order to complete immobilization.
Further, filter both ZnO and TiO, immobilized resin
from the solution, cleanse the resin with deionized
water twice and utilize it as a photocatalyst
(Pachwarya and Meena, 2009). The second step was
experimenting with a simple photocatalytic reactor.
Source water samples 1500 mL were put on the
reactor mixer with three samples tested at a time,
and 15 gram (g) of original Dowex-11 resin, 15 g of
RIP-TiO,, and 15 g of RIP-ZnO was added and mixing
at 50 rpm. Treated samples were collected twice
every 30 — 60 minutes for 15 hours and filtered
through a 0.45 um cellulose acetate filter (Toyo
Roshi, Japan) before further analysis. All samples
have to be filtered in order to remove particulate
organic matter, since this study focus on dissolved
organic matter. The raw sample and treated sample
were quantified for bulk parameters, a quantitative
parameters to measure dissolved organic matter,
such as total organic carbon (TOC), ultraviolet
absorbance for aromatic carbon as detected at 254
nm (UV,,,), according to protocol Standard Methods
(APHA, 2012), and specific UV absorbance (SUVA)
value with regard to the UV__, concentration over

254

TOC concentration (Edzwald and Tobiason, 2011).

Measurement of aromatic organic matter has been
wellknown at wavelength 254 nm, TOC quantified the
dissolved organic carbon concentration, while SUVA
value identified hydrophobicity and hydrophilicity
organic matter (Sillanpaa et al.,, 2015). TOC was
measured by using TOC Analyzer 5000A, Shimadzu.
UV,., was quantified by using a UV/visible (UV/
vis) spectrophotometer (Carry 100 Bio UV-Visible
Spectrophotometer). Analysis of DBPs formation
was initiated by adding natrium hydroxide (NaOH)
or sulfuric acid (H,SO,) solution (Merck, Germany),
then adding an amount of phosphate buffer solution
(0.8 M, Merck, Germany), for keeping the pH value
of samples at 7.0 £ 0.2. In order to ensure free
residual chlorine existed 1 mg/L at 25 °C incubation
period in the end of a seven days, then an adequate
amount of 30 mg Cl/mL sodium hypochlorite
solution (Merck, Germany) was spiked into the
samples. the DPD ferrous method was applied to
measure residual chlorine (APHA, 2012), then 0.04
M sodium thiosulfate solution (Merck, Germany)
was added to dechlorinated samples. The purge and
trap module (Model LCS-2000, Tekmar USA) and an
electron capture detector (ECD) was installed with
packed-column gas chromatographic (GC) method
using a Model 3400 GC, Varian, USA was conducted
to analyze trihalomethanes (THMs) concentration.
In addition, haloacetic acids (HAAs) involved liquid-
liquid extraction with methyl tertiary butyl ether
(MTBE) and esterification with diazomethane before
GC-ECD analysis. The percentage efficiency removal
of TOC, UV254, THMs, and HAAs was calculated
according to the initial concentration minus the
effluent concentration and the result was divided by
the initial concentration. Further, those percentage
data were plotted into the graph, while the SUVA
value was plotted on the graph directly without
percentage removal because the value is used to
indicate the hydrophobicity and hydrophilicity
properties of dissolved organic matter.

Bulk parameters of dissolved organic matter removal
by resin immobilized photocatalyst

Characteristic effluent organic matter of the
settling tank after activated sludge process in the
tofu wastewater treatment plant has a high TOC
concentration (17.24 mg/L), high UV, concentration
(0.5514/cm), and SUVA value 3.1984 L/mg/m. The
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initial concentration of bulk parameters indicates
that tofu wastewater has high dissolved organic
matter and content of mixture aromatic humic
substances-like, mixture hydrophobicity, and a
mixture of molecular weight. This study measured
the organic contentin terms of BOD and COD, though
it does not the main parameters in this study. BOD
and COD concentration is 710 mg/L and 1550 mg/L,
respectively. The waste from tofu processing usually
has a high amount of organic substances, in term of
BOD is about 600-1000 mg/L and COD is about 1500-
3000 mg/L, or approximate TOC 15-30 mg/L (Hidayah
et al., 2016). Figs. 1 and 2 show the removal of TOC
and UV, of tofu wastewater after treatment by
using resin, RIP-TiO,, and RIP-ZnO. Those data were
collected from dosage 15 gram of each treatment
and the process was at indoor room and under
room temperature. Firstly, the results show that
resin, RIP-TiO,, and RIP-ZnO could remove dissolved
organic matter and aromatic organic matter, as
compared at the same time sampling. All materials
have performed their efficiency in removing organic
matter in higher percentage removal than aromatic
organic carbon. TOC has been removed with
percentage value 58.18% - 93.45%, while UV, _, has
been occupied with percentage removal 48.77%
- 76.51%. The percentage reduction was quite
significant although the effluent quality standard
for TOC and UV,,, has not being provided in the
national regulation. TOC indicates total dissolved
organic carbon, which included aromatic and
aliphatic compounds, hydrophobic and hydrophilic
compounds, humic substances-like and non-humic
substances-like. Meanwhile, UV, indicates organic
matter that contains aromatic rings or unsaturated
double bonds in their molecular structures. Most
organic matter has been composed of aromatic
carbon double bonds (Sillanpaa et al., 2015; Hidayah
et al.,, 2016). It is reasonable that TOC has been
removed in a higher percentage than UV, because
TOC represents whole dissolved organic carbon.
Comparison between percentage removal of TOC
and UV, has pointed out the removal amount
of aliphatic compound. It seems that an aliphatic
compound has a lower removal than aromatic
compound in the resin and resin immobilized.
In some cases, low resin and resin immobilized
photocatalyst removal might be due to competition
with non-targeted ions (Finkbeiner et al., 2018).
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Secondly, resin and resin immobilized photocatalyst
showed better performance during a longer contact
time. TOC removal up to 50% after longer contact
time and depends on the material used, such as RIP-
ZnO took about 2.5 hours, RIP-TiO, needed a longer
time about 3.5 hours, and resin only spent about 9
hours. UV,_, removal took about 6 hours, 8 hours,
and more than 15 hours by using RIP-ZnO, RIP-
TiO,, and resin only, respectively. A longer contact
time resulted in a better removal and found the
optimal time of contact between resin immobilized
photocatalyst and raw samples were more than 10
hours. In comparison, resin without photocatalyst
seems to have a longer contact time than usual
and lower efficiency. Photocatalyst technology was
initiated by the generation of electron/hole pairs
through excitation by photons. Further, it was able to
conduct with oxygen and water to produce reactive
oxidative species (ROS), highly reactive with many
pollutants, including organic matter (Ye et al., 2019).

Third, TOC removal seems a state that reached
a stable condition after 10 hours of processing
time. It means that resin and resin immobilized
photocatalyst have almost its capacity in removing
dissolved organic matter. Meanwhile, resin and
resin immobilized photocatalyst indicates a higher
capacity to remove UV, than TOC because the
graph line does not exhibit equilibrium conditions
at a contact time of more than 10 hours. Previous
studies suggested that an increase of organic
matter reduction through resins was affected by the
structure of resin, because the larger organic matter
species is easier to entry due to open structures
(Bolto et al., 2002). In addition, the selectivity of
the resins increased with an increase in the number
of carbon atoms and in the number of aromatic
rings in the organic anion around the exchange site
(Graf et al., 2014). Fourth, a comparison between
resin and resin immobilized photocatalyst revealed
that resin immobilized has a higher removal than
resin only, and even RIP-ZnO performed a slightly
higher removal of TOC and UV, than RIP-TiO.,.
The high photocatalytic efficiency of ZnO and TiO,
has been well known because both photocatalytic
exhibit an appropriate band gap of about 3.2 eV.
However, the ZnO photocatalyst performed slightly
higher than TiO, photocatalyst because of the
better crystallinity of the ZnO, which leads to better
photocatalytic degradation. ZnO has a hexagonal



crystalline structure, and it is favorable to the of source water over time during treatment using
electron and hole transport in the resin material. On resin, RIP-TiO,, and RIP-ZnO. The SUVA value of tofu
the other hand, TiO, has an amorphous structure, wastewater decreased gradually to 2.182, 1.818,
and it’s less favorable for the charge carrier diffusion 1.566 L/mg/m under treatment processes by using
(Ishchenko et al., 2016). Fig. 3 shows the SUVA value resin, RIP-TiO,, RIP-ZnO, respectively. It indicates
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Fig. 1: Performance of resin, RIP-TiO,, and RIP-ZnO in removing TOC and (b) UV,,, in tofu wastewater.
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Fig. 3: The changing of SUVA value in tofu wastewater under various processes of resin, RIP-TiO,, and RIP-ZnO

the changing of organic properties from a mixture
of humic-like, mixture hydrophobicity, and mixture
molecular weight into mostly low hydrophobicity,
non-humic and low molecular weight. As Fig. 1
indicates the removal of total organic carbon in
terms of aromatic and aliphatic compounds, and Fig.
2 shows the removal of unsaturated double bonds,
it means that the amount of aliphatic compound
or less aromatic compound existed in the treated
samples. The result of SUVA value, which presents
low aromatic, non-humic substances, and low
molecular weight organics, has been supported by
TOC and UV,,, analysis, which means that there
is a consistency among all parameters of organic
matter. The SUVA value of treated samples, which
is below the initial value, confirmed the preferential
removal humic, a high molecular weight and
hydrophobic of organic matter. In addition, the
competition between various properties of organic
matter components might occur in the systems at
a different time process. Overall, the removal of
organic matter through resin and resin immobilized
photocatalyst suggested the mechanism of entropy
sorption, releasing free water molecules because
of the dehydration of hydrophobic moieties (Li
and Sengupta, 2004). In addition, the increasing
hydrophobic character could increase the reduction
affinity because of their weak interactivity with
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water molecules. Resin could be applied to reduce
a naturally harmful charged organic matter, and
the addition of photocatalyst will improve the
performance of resin in oxidizing the organic matter
(Ye et al., 2019).

Effect of Resin Immobilized Photocatalyst on the
Formation Potential of DBPs

Figs. 4 and 5 show the removal concentration of
trihalomethanes (THMs) and haloaceticacids (HAAs),
respectively. The reduction of THMs compared to
the raw water is in the percentage 51.30 — 75.23
%, while HAAs removal exhibits a higher removal
than THMs, in the range 64.89 — 84.94 %. The
percentage reduction was quite significant although
the effluent quality standard for THMs and HAAs
has not being provided in the national regulation.
THMs and HAAs is a chlorinated by-product, which
are carcinogenic. Dissolved organic matter is known
as a precursor for the formation of those products,
therefore removal THMs and HAAs could indicated
the presence of dissolved organic matter in treated
water. Resin and resin immobilized photocatalyst
showed a better performance removal of DBPs
during a longer contact time. Performance of resin
and resin immobilized photocatalyst in removing
DBPs indicates the consistency performance in
removing bulk parameters of organic matter. Firstly,
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Fig. 4: The changing of THMs concentration in tofu wastewater under various processes of resin, RIP-TiO,, and RIP-ZnO
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the removal of THMs has a similar percentage
with UV, , removal. Resin and resin immobilized
photocatalyst could gain a higher capacity to
remove THMs more than 15 hours contact time, as
Fig. 5 has not shown the equilibrium state of line

removal THMs. Resin immobilized photocatalyst

Time (hours)

water under various processes of resin, RIP-TiO,, and RIP-ZnO

with ZnO has a higher removal of THMs than resin
immobilized photocatalyst with TiO, and resin only.
Secondly, the removal HAAs seems by TOC removal.
HAAs removal performed an almost equilibrium
state after 10 hours of contacting time. The resin
and resin immobilized photocatalyst almost
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Table 1: Resumed of comparison between this study and the previous study regarding the characteristic of dissolved organic matters
through resin ion exchange

Component This study

Previous studies

Aliphatic and aromatic
compound

Removal UV2ss and TOC

SUVA value hydrophobic organic matter
Aromatic and hydrophobic compound were
DBPFP THMs precursors and total organic carbon

Aliphatic compound has a lower removal
than aromatic compound in the resin and
resin immobilized

Removal UVas4 is higher than removal TOC

Decreasing SUVA value indicated less

was HAAs precursors

Resin immobilized

photocatalyst and resin only
wastewater

Resin immobilized photocatalyst ZnO is
better than TiOz and resin only in tofu

Low resin and resin immobilized photocatalyst
removal might be due to competition with non-
targeted ions (Finkbeiner et al., 2018)

High molecular weight organic matter is easier to
be removed than lower molecular weight (Graf et
al., 2014)

Dehydration of hydrophobic moieties (Li and
Sengupta, 2004)

aromatic and hydrophobic fractions were HAAs

precursors (Liang and Singer, 2003); hydrophobic
fractions of organic matter were THMFP precursors

(Lamsal et al., 2012)
Resin immobilized photocatalyst ZnO is better than
TiOzin textile wastewater (Pachwarya and Meena,
2011)

obtained its capacity in removing HAAs. However,
comparison among these resins represented that
resin immobilized photocatalyst with ZnO is much
better than resin material in this study. It has
been well known that dissolved organic matter is
a precursor for DBPs formation, as the higher DOC
concentration is accompanied by a higher DBPFP
(Liang and Singer, 2003; Bond et al., 2012; Hidayah
et al., 2016). This research led to the conjecture
that conjugated C=C double bonds and aromatic
structure and, which UV, represents, were
mainly HAAs precursors, while the non-aromatic
organic fraction was probably THMs precursors.
Previous studies found that hydrophobicity and
hydrophilicity properties of organic matter had
influenced the DBPFP, such as hydrophobic fractions
of organic matter were THMFP precursors (Lamsal
et al.,, 2012), hydrophilic organics had a higher
HAAFP concentration (Wang et al., 2013). However,
different studies obtained different conclusions,
that aromatic and hydrophobic fractions were HAAs
precursors than THMs precursors (Liang and Singer,
2003) and THMFP was triggered due to hydrophilic
fractions (Hwang et al., 2000). According to the
humic and non-humic compounds, it was concluded
that the fraction of the humic substance was the
precursors for HAAs, while the biopolymer fraction
was the precursors for THMs (Hidayah et al., 2016).

Table 1 resumed the comparison between
this study and the previous study regarding the
characteristic of dissolved organic matters under
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different treatment process, and its formation of
DBPs concentration. Aromatic organic matter is
mainly consist of high molecular weight and has
hydrophobic properties. The molecular weight of
organic matter influences the resin performance
due to the size exclusion effect (Bazri and Mohseni,
2016). Low molecular weight diffuses more easily
into the resin pores and is not restricted to exchange
sites outside, whereas larger molecules are rejected
due to size exclusion (Winter et al., 2018). In
addition, the resin has limited capacity, and larger
molecules blocked the possibility of the resin
surface at high TOC concentration (Levchuk et al,,
2018). Hydrophobicity considered, the hydrophobic
compounds lack an affinity for water, insoluble in
water, which results in reduction of the compound
from the solution, or called by therefore entropy-
assisted sorption (Li and Sengupta, 2004). The
reduction of organic matter by using resin is driven
primarily by charge. More highly charged molecules
of organics are preferentially reduced because of
the stronger affinity to the resin (Liu et al., 2017).
Overall, the removal of DBPFP is strongly related to
the reduction of bulk parameters of organic matter,
including TOC, UV_,,, and SUVA value because bulk
parameters represented the properties of organic
matters. Therefore, controlling bulk parameters
removal leads to the monitoring and removing
DBPFP concentration. Further, it is necessary to
identify the characteristic of organic matter in the
source water to know the appropriate treatment



process in removing organic matter. This study
shows that resin immobilized photocatalyst has a
better performance than resin only, and the used
resin should be regenerated for further usage until
the resin has lower exchange capacity. An example
of the treatment train for reclaimed water, which
is applied resin technology, will be conventional
treatment such as coagulation, flocculation,
sedimentation, filtration, resin  technology,
disinfection and collected water. Therefore, the
following treatment processes are needed to
obtain the criteria standard for reclaimed water
as regulated by the government, primarily related
to the concentration of dissolved organic matter,
THMs, and HAAs.

This study observed the usage of resin, RIP-
TiO,, and RIP-ZnO for treating tofu wastewater
into reclaimed water with a focus on the bulk
parameters, including TOC, UV,,,, SUVA value, and
DBPs concentration, including THMs and HAAs
concentration. It was characterized that tofu
wastewater has high dissolved organic matter and
content of mixture aromatic humic substances-like,
mixture hydrophobicity, and a mixture of molecular
weight. After treatment, it was confirmed that all
materials preferentially reduce bulk parameters
and DBPs concentration under different percentage
removal, about 48%-93% of bulk parameters
concentration removal, and 51%-85% of DBPs
concentration removal. RIP-ZnO performed a
slightly higher removal of TOC, UV, , THMs, and
HAAs concentration than RIP-TiO,, while resin
exhibited the lowest capacity removal. TOC has been
removed in a higher percentage than UV, since
TOC represents whole dissolved organic carbon.
Comparison between percentage removal of TOC
and UV, has pointed out the removal amount
of aliphatic compound. It seems that an aliphatic
compound has a lower removal than aromatic
compound in the resin and resin immobilized.
Decreasing SUVA value indicated changing of
organic properties from a mixture of humic-like,
mixture hydrophobicity, and mixture molecular
weight into mostly low hydrophobicity, non-humic,
and low molecular weight. Performance of resin
and resin immobilized photocatalyst in removing
DBPs indicates the consistency performance in
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removing bulk parameters of organic matter.
Removal of THMs has a similar percentage with
Uv,,, removal, while the removal HAAs seems by
TOC removal. Controlling bulk parameters removal,
such as TOC, UV,_,, and SUVA value, is one of the
efforts to monitor and control the formation of
DBPs. ldentify the characteristic of organic matter
in the raw water is one of the strategies to know the
appropriate treatment process. Further treatment
processes are needed to obtain the criteria standard
for reclaimed water because the proposed process
does not always directly reduce DBPs reactivity, but
it facilitates a better removal of DBPs precursors.
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AOPs Advanced oxidation processes

BOD Biological oxygen demand
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DBPFP Disinfection by-products formation
potential
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=C Double bond carbon

ECD Electron capture detector

GC Gas chromatographic

GC-ECD Gas chromatographic- electron
capture detector

HAAs Haloacetic acids

L/mg/m Liter milligram meter
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dowex-11
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ROS Reactive oxidative species

SUVA Specific ultraviolet absorbance
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™ Total nitrogen
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