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ABSTRACT

Many parameters are used to determine the quality of waters, one of which is Total Suspended Solids (TSS). In addition
to direct data measurement and field sampling, TSS concentrations can also be estimated from satellite data by
developing models based on the reflectance of the light received by the sensor. This article aims to compare two
available empirical and semi-analytic models that can estimate TSS concentrations in Bekasi coastal waters using
Landsat 8 and Sentinel 2 satellite data. The empirical model was made in 2018 in Bekasi coastal waters, while the semi-
analytic model was created in 2004 in the Mahakam coastal waters. As a validation using field data from the Bekasi
coastal waters, taken in 2019. The results showed that the semi-analytic model has a smaller error value than the
empirical model, with RMSE 51.4 mg/l and 585777.2 mg/I respectively. The result indicates that the semi-analytic
model can better estimate TSS even though it is applied at different times and locations. In contrast, the empirical model
shows a very high error even though it is used in the same area when the empirical model was created. For further study,
we tried to apply the semi-analytic model to the Sentinel-2 image, and it was found that the semi-analytic model also
has good capabilities with a lower RMSE value of 44.1 mg/l. In conclusion, the semi-analytic model is better for
extracting TSS information than the empirical model.
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Many models have been developed to determine the
TSS content in waters [5]-[9] [10] explained that three
types of models are commonly used in analyzing TSS:

1. INTRODUCTION

Total Suspended Solid (TSS) is one of the physical

parameters that indicate the quality of the waters.
Commonly, in situ and laboratory measurement methods
are used to determine the TSS concentration. But these
common methods are both time consuming and costly.
Other method that can be done to overcome those issues
is remote sensing technology. Some physical parameters,
such as total suspended solids, can be identified using
remote sensing, based on the reflection of light from the
water column received by satellite sensors.

The ability of satellite sensors to detect objects using
spectral reflections is very interesting to study. Generally,
existing research uses Landsat imagery as the primary
material in the analysis and is combined with models that
have been built previously, as in the [1], [2], [3], [4].
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empirical, theoretical, and semi-analytic. The empirical
model is the simplest method. Generally, the empirical
model is site specific. Empirical model that was
developed in one area cannot be used in different area.
Empirical models can be used to determine the analytical
process's initial value to improve the process by
narrowing the range of variation [11]. The theoretical
model is based on radiation transfer theory for spectrum
simulation at the Top of the Atmosphere (TOA) with
different TSS and atmospheric conditions [10]. A semi-
analytic model for TSS analysis using in situ Inherent
Optical Properties (IOP) information. IOP is an inherent
property of water constituents that occurs when they
interact with light, such as absorption, reflection and
transmission of light. The specific IOP used as the model
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parameter has the potential to produce the best TSS value
[12], because Specific IOP is related to the individual
scattering and absorption of TSS. This study aims to
detect the distribution of TSS using Landsat 8 and
Sentinel 2 satellite imagery with two available empirical
and semi-analytic models.

2. METHOD

2.1. Study Area

This research is conducted in the northern coastal
waters of Bekasi Regency, West Java (Figure 1). This
location might be affected by fishery activities in the
form of fish ponds, mangrove tourism, fishing activities,
and industries. This location is close to the mouth of the
Citarum River where the river mouth forms a delta due to
sedimentation.

Figure 1 Study Area

2.2. Processing Satellite Data and Validation

In general, this study covers the process of image
processing using Google Earth Engine (GEE) using both
empirical and semi-analytic models to estimate TSS
concentration and continue with validation using in situ
data (Figure 2).

The image data used are Landsat 8 and Sentinel 2. We
used Landsat 8 date of acquisition are 1st to 30th August
2019, while Sentinel 2 date of acquisition is 23rd August
2019. In general, the study was using surface reflectance
data available in GEE, delineating water and non-water
areas, and using available model to determine the TSS
concentration. The data used is Landsat 8 surface
reflectance data for estimating TSS concentration, and
Sentinel 2 surface reflectance data for further study and
verification of the best model between empirical and
semi-analytic. This data set is atmospherically corrected
surface reflection from the Landsat 8 OLI/TIRS sensor.

Furthermore, the Normalized Difference Water Index
(NDWI) analysis was performed to delineate water and
non-water areas. Pixels with a value of 0 in masking are
excluded from the calculation. Next, convert the image to
RGB 8-bit for display.
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Figure 2 Flow Chart

The TSS concentration was measured using the
gravimetric method carried out in the laboratory [13].
Moreover, TSS analysis uses two models, namely the
semi-analytic model built by [14] and the empirical
model built by [15]. The semi-analytic model (2004) was
built in the Mahakam Delta coastal waters, and the
empirical (2018) was built in the Bekasi coastal waters.
Both of these models were verified with field data. The
semi-analytic model is known to have an R? value of
0.94, while the empirical (2018) model has an R? value
of 0.824 with respective field data.

Semi-analytical (2004) model as follows Equation
(D:

MPT (22) = 8.1429(exp(?37%4 ¥ 4)) (1)

Meanwhile, empirical (2018) model as follows Equation

2):
MPT (%) — 155.28B3 — 2740.4B2 +

15912B — 30261 (2)
Note:
A =red band

Red Band

B (Green Band)(Green Band)
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The next step is testing the validation between the
results of observations and estimates. Validation testing
uses Root Mean Square Error (RMSE), as follows
Equation (3):

RMSE = ’Z‘(X ObSIJX est)? 3)

Where X est is the value of the image processing results,
X obs is the value of the field measurement results. This
validation test will help determine which model
approximates the TSS concentration measured in the
field.

Furthermore, the selected model was verified by
applying it on the Sentinel-2 data on August 23", 2019,
to see the model's ability to extract TSS concentration on
different satellite data. Sentinel-2 imagery is processed
using GEE and using Surface Reflectance data. The steps
taken are the same as processing with Landsat 8§,
including the RMSE calculation.

3. RESULT AND DISCUSSION

3.1. Result

The resulting data processing is shown in three
different tables. Table 1 shows information on TSS
concentration with three methods: in situ, empirical, and
semi-analytic. Table 2 shows information on validation
tests between empirical and semi-analytic models. In
contrast, table 3 shows information on the estimation
results and the difference between in situ and Landsat §
and Sentinel 2 image processing.

The results show a very significant differences in the
estimated concentration of the empirical model compared
to the semi-analytic model (Table 1). The TSS
concentration calculated using the empirical model has a
closer value to the field measurements and is stable,
although overall the error is still high (more than 50
mg/l).

A validation test was conducted to determine the
extent to which the two models can estimate TSS
concentration (Table 2). In the empirical model, the
correlation coefficient (R?) value is lower compared to
the semi-analytic. On the other hand, the RMSE value is
very high compared to semi-analytic.

Based on the results of the validation test, it seems
that semi-analytical models have a better ability to
estimate TSS concentrations. Furthermore, the model is
tested on Sentinel 2 images to find out whether the model
has the same capabilities. The calculation results show
that the semi-analytic model extraction on Sentinel-2
have varying concentrations, but the RMSE is better than
Landsat-8.

Table 1. TSS concentration (mg/L) pada three method:
in situ data, empirical, and semi-analytical models

TSS concentration (mg/L)

Empirical Semi-analytical
80.7 639.9 70.9
36.0 9100.8 12.9
63.3 14365.8 12.5
52.0 186278.6 15.7
80.3 82573.7 18.6
67.0 18999.3 17.4
93.0 47731.5 16.1
71.0 38.5 12.2
61.0 14426.4 11.7
101.3 209.4 19.7
79.3 193.1 253
77.7 95.8 58.2
113.0 140.1 155.8

Table 2. Validation Test

Empirical

Semi-analytical
R2 RMSE R2 RMSE

0.1 58577.2|0.3 51.4

Table 3. Estimation TSS concentration (mg/L) using
semi-analytic model
Landsat 8

In situ Sentinel 2

80.7 709 98 80.6 0.1
36.0 129 23.0 34.6 1.4
63.3 125 50.9 33.8 20.6
52.0 15.7 36.3 20.0 32.0
80.3 186 61.7 24.8 55.6
67.0 174 496 23.8 43.2
93.0 161 76.9 254 67.6
71.0 122 588 23.1 47.9
61.0 11.7 493 21.4 39.6
101.3 19.7 816 18.9 82.4
79.3 253 540 35.7 43.6
77.7 58.2 194 48.3 204
113.0 155.8 -42.8 132.9 -19.9

RMSE Sentinel 2 441

3.2. Discussion

It seems that the TSS concentration between
empirical and semi-analytic models is very much
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different. Empirical models tend to produce very high
TSS concentrations. The research [16] also show that
TSS estimation with an empirical model will create a
much larger value than in situ. The development of the
model took samples of Bekasi coastal waters. In contrast
to the semi-analytic model, which was developed from
different location data, it gives higher accuracy. This
model has been used as a reference in other studies [9],
resulting in that this method had a very high R? value
reaching 0.982, and [1] also state that this method
produces a minor error. It can happen because of the time
differences when taking image data with in situ data. In
addition, dynamic water conditions can significantly
affect these results. In addition to the time of image data
collection, there are other factors, such as the quality of
image data that is not cloud-free resulting in the surface
reflectance value having more errors as well as image
data recorded on only one date, while TSS measurements
can be carried out in several days. The Empirical (2018)
model is based on the observed relationship between
optical properties and TSS concentration in the field. The
empirical relationship is geographically specific, so this
cannot be applied in other areas [10]. This study also
shows that the empirical model is time-specific even
though it is carried out at the same location. It also
indicates that it is necessary to take samples under
different water conditions from time to time.

Meanwhile, the semi-analytical (2004) model is built
using a semi-analytic model. This model uses the
relationship  between seawater IOP and TSS
concentration. The study of [10] explained that the semi-
analytic model has a higher inversion precision and
universality than the empirical model. The same
phenomenon can also be seen in the study results, which
show that the TSS concentration generated by semi-
analytic have a better correlation than the empirical
model. Another study [17][18] also use a semi-analytic
model to estimate TSS in inland waters and get a lower
error of 30%.

Validation testing is carried out in the next step. This
validation test was conducted to determine the extent of
the similarity between the image processing results and
the in situ results. The validation test used Landsat 8
images acquired from August 1 to August 30, 2019, while
in situ data retrieval was carried out on August 23-25,
2019. The data used is a mosaic image data in GEE. The
results of the validation test are shown in Table 2. The
correlation coefficient determines the magnitude of the
relationship between two or more variables. The RMSE
value is the standard deviation of the residual or
prediction error. RMSE provides information about the
magnitude of the error in the concentration value between
the predicted value and the actual value at the same
concentration unit [19]. The value of R? and the
correlation coefficient in both models is low. The

resulting RMSE value also turns out to be very large for
the empirical model, which is 58,577.2 mg/l, while the
semi-analytic model is 51.4 mg/l. It certainly shows that
the semi-analytic model is more suitable for the analysis
of the distribution of TSS in Bekasi coastal waters. The
difference in sediment content within water column (i.e.:
clear water, moderately turbid water, highly turbid water,
extremely turbid water) can also affect the calculation of
the estimated TSS concentration. Each of previous type
of water, based on sediment content, has a different
wavelength absorption ability, so the models used are
different [8]. Empirical models require further processing
to get more accurate results [5].

The results in Table 3 show that TSS estimated
concentration using Sentinel-2, are higher and closer to
the field value than Landsat 8. It has an RMSE value of
around 44.1 mg/l, while the RMSE of Landsat 8§ is 51.4
mg/l. It shows semi-analytic models retrieving TSS
concentrations for Landsat 8 and Sentinel 2. It is possible
because the difference between the TSS estimation
concentration between Landsat 8§ and Sentinel 2 might be
due to the difference in wavelength between the bands.

The semi-analytic model provides a stable value in
that the overall concentrations tends to be homogeneous,
and the TSS estimation is low and does not differ much.
At the same time, the TSS results in the field are quite
varied, from the lowest concentrations (10-20 mg/L) to
moderate (>20-80 mg/L), and higher concentration (80
mg/L).. Additionally, [20] stated that in the east monsoon
(June-August), only the coastal areas have high TSS
content [21]. However, this value still contains the error
of the reflected value by the water surface. To minimize
error, future research needs to be done more about the
data used, which is the value of water-leaving radiance
[22].

4. CONCLUSION

The empirical model produces a very high TSS
concentration than the semi-analytic model. The results
of the validation test with in situ data show that the
RMSE value is lower than the empirical model, which
means that the semi-analytic model is more suitable for
further analysis. The study's results also show that the
empirical model not only depends on the location of the
model preparation but also on the timing of the use of the
empirical model. Although the empirical model was built
in the same area, it will give a high error because it
considers in situ concentrations more as input in the
development of the model, if the concentration range
when developing the empirical model does not represent
the range of concentrations in the field.
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