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ABSTRACT

This study investigates the concentration of chlorophyll-a (chl-a) using the data of field observation and MODIS-
Aqua imagery. The field observation data were retrieved by using a conventional method and processed using
spectrometric analysis. This study covers the coastal and near land areas which have different levels of anthropo-
genic activity. The results showed that the coastal waters of Semarang with a high level of anthropogenic activity
persistently show a concentration of chlorophyll a (chl-a) twice as large as Jepara coastal waters. This comparison
value is obtained based on imagery and field data. Meanwhile, the ratio of chl-a field data in each region shows
a value of +5 times greater than the MODIS data. Field observation data shows a higher value than the MODIS-
Aqua imagery data. The use of imagery data can be employed as a method of monitoring the eutrophication
process on the coast. On the basis of the chlorophyll a classification and field observations, the coastal water of
Semarang are classified as eutropic waters and Jepara is categorized as mesotropic category. The classification
results will be different if monitoring is carried out using the image data with a location far from the mainland, the
Semarang waters are included in the mesotropic category (> 2 mg-m™) and Jepara is included in the oligotropic

water category (<2 mg-m?).
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INTRODUCTION

The coastal waters represent only a small frac-
tion of sea water on the planet, but the role they
play is of great importance from an ecological,
social, and economic perspective, by supplying
about 90% of global fish yield and accounting for
about 25% of global marine (Colella et al., 2016).
At present, the coastal zone is one of the most
endangered areas. Pollution, eutrophication, ur-
banisation, over-fishing, and tourism continually
threaten the future of marine coastal ecosystems.
The coastal waters are very sensitive to changes
in nutrients input from the anthropogenic activi-
ties on land or in the marine coast itself, which
can cause eutrophication. The terrestrial input has

caused an increase in the rate of supply of organic
matter to the ecosystem. One indicator of the eu-
trophication process is the increase in phytoplank-
ton biomass. In coastal waters, the phytoplankton
biomass can be used as an important water quality
parameter (Poddar et al., 2019) because it is re-
lated to algal abundance, and can be used to deter-
mine the level of eutrophication in certain water
bodies (Zheng & DiGiacomo, 2017).

The state of the phytoplankton biomass is typ-
ically quantified with a proxy, e.g., by measuring
the concentration of chlorophyll-a (chl-a), which
is a ubiquitous photosynthetic pigment present in
all algal species. The measurements of (chl-a) can
be made in situ (e.g., chlorophyll fluorometers),
remotely (with optical radiometers) (Brewin et
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al., 2019), as well as in the laboratory through
the water sample analyses (Dickey et al., 2006).
The conventional method of (chl-a) estimation
requires water sample collection and laboratory
analysis (Joint et al., 2000). This method, effort-
intensive and time consuming, is unsuitable for
large spatio-temporal scales. The temporal and
spatial sampling strategies of chlorophyll a con-
centrations important to monitor eutrophication.
Instead, the satellite-based sensors can be used for
the assessment of (chl-a) at large spatial scales.
Currently, one operational ocean color sensor,
Moderate Resolution Imaging Spectroradiometer
(MODIS-Aqua), collects data with 1-2 days of
temporal resolution.

The waters of the coast of Semarang and Jepa-
ra are part of the Java Sea and geographically the
two coasts are in different parts. The Semarang
waters are on the north side of Java Island, while
Jepara is partly located on the west coast (west of
Java Island). Semarang, which is located in the
urban center of the capital, certainly has higher
anthropogenic activity than Jepara. In addition,
these waters are watersheds and bring material
from the mainland to enter the waters (BPDAS
Pemali Jeratun, 2009). Unlike the case of the Je-
para waters which are affected by several rivers,
such as Wiso river and Sapok river with smaller
water discharge. The presence of the Australian-
Asian monsoon will affect the season and current
patterns in both waters and affect the distribution
pattern of nutrients and phytoplankton.

The study of the chlorophyll a concentra-
tion using remote sensing (MODIS and Landsat)
in the north waters of Java has been conducted
by several researchers including Siregar & Ko-
ropitan (2016); Shabrina et al. (2017); Subiyanto
(2017); Wirasatriya et al. (2018). Likewise, the
study of the chlorophyll a concentration by taking
samples in the field has been carried out by Mas-
lukah et al. (2019). The research on chlorophyll
a due to the influence of global climate has been
done, the analysis was carried out over a wide
area, but has never been discussed in terms of the
difference in the value of chlorophyll a in the ar-
eas with different levels of anthropogenic activity
and it has never been studied how the concentra-
tion of chlorophyll a results from the image data
and field data.

The purpose of this study was to investigate
the variability pattern of chlorophyll a (chl-a) tem-
porally, using field measurement data and remote
sensing data (MODIS-Aqua). Geographically,

52

the areas studied are different and are located in
coastal waters with a narrow area, close to the
mainland and have different levels of anthropo-
genic activity. The MODIS imagery data for four
years was used to observe the time series fluctua-
tions, while the field data was used to describe
the condition of chlorophyll a near the coast, due
to the inexistence of image data in the areas near
the coast.

MATERIAL AND METHOD

The data used in this study is chlorophyll
a, the results of field measurements using the
spectrometry method and MODIS-aqua imag-
ery. The water sampling for (chl-a) analysis was
conducted in May 2017, May 2018, February &
July 2019 (Maslukah et al., 2020) and November
2019. The image data analyzed in this study was
the result of four years of image recording (2015—
2019), in 4x4 pixel. The location of the study is
presented in Figure 1. The satellite image used in
this study is MODIS-Aqua level III calibrated ra-
dians, obtained from NASA at the web address:
http://rafidfire.sci.gsfc.nasa.gov/realtime.

The image analysis method involved ex-
tracting the sea level reflectance values using
SeaDas software version 7.2.1, at the coordinate
points closest to the coast. The locations of this
study include the Semarang and Jepara coastal
waters at the latitudes -6.81° to -6.94° & lon-
gitudes 110.31-110.44° and latitudes -6.47° to
-6.60° & longitudes 10.52—-110.65°, respectively
(Figure 1).

The analytical methods for measuring
chlorophyll a in the field involved the (chl-a)
analysis using the trichromatic method (APHA,
1992). A total of 1 liter of seawater was filtered
with cellulose filter paper (millipore, 0.45 pm),
extracted with 10 ml of 90% acetone, and incu-
bated in an refrigerator for 16 hours. The next
step is centrifuged with 4000 rpm rotation, and
the supernatant reads its absorbance values at
1664, 1645 and A 630. Absorbance at 750 was
used as turbidity control. The chlorophyll a con-
centration was calculated using formula 1 and 2 :

Chl-a = 11.85 (A664) —1.54 (A647) —

~0.008 (1630) (1)

Concentration of chl-a (mg m?) = 2
=Caxv/V

where: 1664 value of absorbance at wavelength

664 nm,
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Figure 1. Research location

1645 —value of absorbance at wavelength
645 nm,

1630 —value of absorbance at wavelength
630 nm,

v — volume of extract (liter),

V — volume of sample (m).

RESULT AND DISCUSSION

Chlorophyll a in Modis-Aqua Imagery

On the basis of the MODIS-Aqua imagery
data, the chlorophyll a value of northern wa-
ters in Central Java is in the range of 0.45-
5.72 mg-m (Table 1). The results of the analy-
sis for five years (2015-2019) indicate that the
Semarang waters always show higher and more
fluctuating values compared to the Jepara waters,
with average (+ standard deviation) of 2.77 =+
1.06 mg-m™ and 1.22 + 0.57 mg-m?~, respectively.
The ratio of the chlorophyll a value of the average
five years of the Semarang waters to Jepara shows
a ratio value of 2.2. The results of Siregar & Ko-
ropitan (2016) using the Landsat data showed the
chlorophyll a concentration in the Semarang wa-
ters between 0.6-2.1 mg m, while based on the
results of MODIS-Aqua in the northern waters of
Central Java showed a range of values between
0.5-1.0 mgv-m™ (Shabrina et al., 2018).

The climatological fluctuation pattern for
five years can be seen in Figure 2 and the spa-
tial distribution pattern is illustrated in Figures 3
and 4. Figure 2 shows that the maximum chlo-
rophyll a value in April (3.85 mg-m?) and vice
versa, the Jepara waters occurred in February
(1.75 mg-m). The pattern of fluctuations in the
Semarang region is generally almost the same as
that of Shabrina et al. (2018) and this pattern is
related to high temperatures in April-June and nu-
trients due to the rainy season runoff, which were
produced in the previous month. The spatial pat-
tern of climatology for four years was presented
in Figures 3 and 4.

Figure 3 shows that the distribution of chloro-
phyll a in the Semarang coastal waters from south
to north (except in 2018). This condition is differ-
ent in the Jepara waters, which have a distribution
pattern from east to west. This distribution pattern
is morphologically related to the land location.
Figure 3 and 4 show that high concentrations are
sourced from the mainland and are getting small-
er towards the open waters.

The Field Measurements of the Chlorophyll a
Concentration

The value of chlorophyll a concentration in
the field measurements, obtained using the spec-
trometry method, shows that the chlorophyll
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Table 1. The monthly average of chlorophyll a in 2015-2019

Month 2019 2018 2017 2016 2015
SMRG JPR SMRG JPR SMRG JPR SMRG JPR SMRG JPR
January 2.14 1.73 3.22 * 3.01 2.67 1.43 0.61 1.80 *
February 5.72 0.75 413 2.18 1.08 2.28 2.32 2.79 *
March 3.90 1.94 2.20 1.69 3.27 1.18 1.36 0.48 3.77 0.46
April 2.91 0.58 4.09 0.47 3.10 0.58 3.48 0.45 5.67 1.94
May 3.01 1.32 3.27 1.31 5.51 0.74 1.89 1.03 4.34 1.06
June 2.89 1.98 2.1 1.56 2.83 1.29 3.75 1.42 4.92 1.95
July 2.52 1.70 2.58 1.38 3.08 1.51 4.28 1.33 2.26 1.52
August 1.74 1.82 1.98 1.64 2.02 1.70 2.14 1.32 243 2.04
September 1.91 3.46 2.73 1.24 217 0.75 2.73 0.97 2.07 1.07
October 1.59 0.86 * 0.77 0.76 0.91 2.28 * 1.59 *
November 1.71 0.93 2.47 * * * 2.00 0.90 1.12 0.53
December * * * 0.35 4.17 1.44 2.50 1.87 0.60
Average 2.73 1.55 2.88 1.26 2.82 1.28 2.51 1.08 2.88 1.24
STD 1.16 0.77 0.74 0.55 1.27 0.58 0.87 0.53 1.39 0.61

SMRG: Semarang; JPR: Jepara; STD: standard deviation.

a value of the Semarang waters shows a higher
value than the Jepara waters (Figure 5). The re-
sults of field measurements from May 2017 to
October 2019 show the values ranging from
11.41-18.81 mg'm™ (average 15.25 + 3.14) for
the Semarang waters and 3.95-12.34 mg-m™ (av-
erage 7.13 £+ 4.54) for the Jepara waters. Maslu-
kah et al. (2020a) explained that the high chloro-
phyll a is related to the high concentration of dis-
solved phosphate (DIP) in the Semarang coastal
waters. In addition to the P nutrient input from
river flows, the Semarang’s coastal sediment con-
tributes three times higher DIP than the Jepara
sediment (Maslukah et al., 2020b). On the basis
of the mean value during the measurement of the
field data, the ratio of chlorophyll a concentration
of the Semarang coastal waters to Jepara shows a
value ratio of 2.1.

6.00

5.00

Chlorophylla (mg m?)

SR LI
BT TENY
R

Sl

The results of chlorophyll a chl-a measure-
ments using the image and field data indicate that
the field data show values greater than the data
from images (Figure 6) and the value of the com-
parison ratio in 2019 was presented in Figure 7.
The results of previous studies (Brando et al.,
2006; Zheng & DiGiacomo, 2017; Yoon et al.,
2019) explained that the chlorophyll a concentra-
tion on the coast was underestimated due to the
influence of CDOM reflectance and bathymetry.
The estimation result of chl-a derived from Geo-
stationary Ocean Colour Imager (GOCI) using
several (chl-a) algorithms shows a relatively low-
er mean value for the (chl-a) estimation (mean
range: 0.7-1.0 mg-m3) compared to the value
chl-a in situ (Yoon et al., 2019).

High chlorophyll a (chl-a) values from field
measurements were related to sampling closer to

M Semarang

M lepara

Figure 2. Chlorophyll a climatology fluctuations in the waters of Semarang and Jepara (2015-2019)
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the land no more than 3 km to the sea and in a
narrower area, unlike the image data, obtained
from a wider area towards the high seas (approxi-
mately 16 km from the coast). However, based on
the chlorophyll a values of the two study areas,
the measurement data through two methods (field
measurements and image data), showed almost
the same ratio values. The ratio of the Semarang
waters to the Jepara waters uses image data in the
amount of 2.2 and based on field data of 2.1. The
coastal waters of Semarang itself have a ratio of
field data to MODIS-Aqua imagery of 5.5 and Je-
para is 5.5 (Table 2). Poddar et al. (2019), also
shows that in situ (field) data show a higher value
than MODIS and Landsat imagery.

On the basis of Table 2 it can be seen that the
ratio obtained between the field data and the im-
age approaches the same value. Therefore, the
use of remote sensing applications can be used
in monitoring the chlorophyll a concentrations in
waters and can facilitate assessing large areas in
a short time. Prianto et al. (2013) explained that
the dynamics of the waters always change, so the
resulting image data will not always be the same

as the value of chlorophyll a concentration mea-
surements in the field.

On the basis of the results of imagery and field
data, the value of chlorophyll a in the Semarang
waters always shows a high value. This illustrates
that the waters of Semarang are more fertile than
Jepara, due to the influence of high anthropogenic
activity. High anthropogenic activity contributes to
the input of organic matter and nutrients into these
waters. The results of the study of Maslukah et al.
(2019) stated that the measured concentration of
the P nutrient in the Semarang waters was higher
(0.5 uM) than in the Jepara waters (£0.35 uM).

Trophic status classification by several
researchers

Chlorophyll a can be used as a parameter of
water quality. Many indices have been proposed
for the classification of coastal waters into oligo-
trophic. mesotrophic and eutrophic water types.
If the coastal waters have low productivity, they
are characterized as “oligotrophic”, whereas the
waters are rich in algal biomass are characterized
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Figure 3. Distribution patterns of chlorophyll a, annual climatology values in the Semarang coastal waters
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Figure 4. Distribution patterns of chlorophyll a, annual climatology values in the Jepara coastal waters

Table 2. The average of chlorophyll a (mg-m?) and
ratio between MODIS-Aqua and field data in the
coastal waters of Semarang and Jepara

On the basis of the MODIS-Aqua satellite

(Table 1), the Semarang and Jepara waters have

Description Semarang Jepara Ratio
MODIS Data 2.8 1.3 2.2
Field Data 15.2 71 2.1
Ratio 5.5 5.6 -

as “eutrophic” and the intermediate condition
is characterized as “mesotropy”. Hakanson and
Bryann (2008) explained that oligotrophy occurs
in the waters with chlorophyll-a concentration
<2 ug'L! (ug'L! = mg-m™), mesotrophic waters
(2-6 ng L"), eutrophic waters (620 ug-L', hy-
pereutrophic waters (chl-a > 20 ug-L™).

On the basis of the classification, the value
of chlorophyll a obtained from field observations
in the north coast of Java shows that the Sema-
rang coastal waters are classified as eutrophic and
the Jepara waters in the mesotrophic category.
The results of the classification will be different
if monitoring is performed using the image data.
The Semarang waters are in the mesotrophic cat-
egory (> 2 mg'm™) and Jepara is oligotrophic wa-
ters (<2 mg-m?).
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values <10 mg m™. In the case of eutrophication
that had occurred in the Jakarta Bay, in 2010,
the value of chlorophyll a reached 10 mg-m™ in
the waters near the coast and further showed a
decrease reaching 0.25 mg-m~ (Tarigan et al.,
2013). In turn, based on the results of field re-
search in the Jakarta Bay area, the value of
chlorophyll a ranges from 1.83-11.45 pg-L*!
(Palimirmo et al., 2016), in the Sunter estuary
(Central Jakarta Bay) around 0.78-15.74 pg-L-
! and ranges from 0.27-19.98 ng-L!' (Prayitno
& Afdal, 2019). Li et al. (2002) and Wouthuyen
et al. (2006) explained that if the concentration
of chlorophyll a > 10 mg'm>® (mg-m~ = pg-L-
"), then there is abundance of phytoplankton in
the waters. Ignatiades (2005) classifies waters
included in the oligotropic category for open
waters (Aegean Sea), if the chlorophyll a val-
ues range from 0.16 to 0.37 mg-m™, mesotro-
phic ranges from 0.45 to 0.61 mg-m> (offshore
Saronikos Gulf water) and eutrophic from 1.16—
1.84 mg-m™ (inshore Saronikos Gulf Water). In
a review of marine systems, Smith et al. (1999)
defined the mesotrophic status as the chlorophyll
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Figure 7. The average chlorophyll a in AQUA MODIS and the field observation in 2019

a concentrations ranging from 1 to 3 pg L' and
hypereutrophic at concentrations > 5 pg-L).

CONCLUSION

The results showed that the chlorophyll a
concentration from the field measurements in
coastal waters showed a value five times higher

than the image data. The image data and the field
measurement data of primary productivity val-
ues (chlorophyll a) both show the ratio is close
to twice the value. The Semarang waters with
high anthropogenic activity levels have higher
chlorophyll a than the Jepara waters. The results
of the MODIS-Aqua satellite and field measure-
ments for the waters of Semarang and Jepara
are 2.8 and 15.2 mg'm and 1.3 and 7.1 mg-m?,
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respectively. The MODIS-Aqua data in coastal
waters is often not available due to not being re-
corded. Thus, it is still necessary to monitor the
continuous field data and image data can be con-
sidered for monitoring on a wider scale and in a
long time. It is necessary to develop monitoring
of chlorophyll a in coastal areas using more ap-
propriate satellite data.
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