Comparative Test ofTotal Suspended
Solids(TSS) InSuwung Estuary Using
Sentinel-2B and Landsat 8 Imagery

ABSTRACT

This study aims to determine and compare the accuracy of total suspended solids
(TSS) estimates using Sentinel-2B and Landsat 8 satellite imagery in the Suwung
estuary, Denpasar city, Bali. The TSS measurements in the laboratory were carried
out on 20 samples for Sentinel-2B (Labs) and 20 samples for Landsat 8 (Lab,)
which were taken at the same coordinates. Regression and correlation methods are
used to validate TSS estimates against laboratory TSS. Accuracy tests to determine
the level of estimation error use root mean square error (RMSE), mean absolute
error (MAE), and mean relative error (MRE). Comparison of estimation accuracy is
determined by differences in error rate calculation results. The results of regression
analysis and accuracy tests for paired samples show a very strong correlation, both
in pair 1 (Labs with Sentinel-2B) namely r=0.9484 and in pair 2 (Lab, with Landsat
8) it is r=0.8910, and the error rate for pair 1 is smaller than pair 2. The implications
of these results show that the accuracy of the TSS estimation of the Laili algorithm
using Sentinel-2B is better than Landsat 8.

Keywords: Comparative test, Total suspended solid (TSS), Suwung Estuaries, Sentinel-2B,
Landsat-8.

1. INTRODUCTION

The Suwung Estuary is located in the southern part of Bali where it is the estuary of the
Badung Riverwhich functions as a provider of clean water for the tourist destination area of
South. Bali“which is very densely populated and therefore, attention to the condition and
provision of. clean water is crucial. More effective management in providing clean water,
such as regular, sustainable and cost-effective monitoring, will be urgently needed in the
future: Several physical parameters that can influence changes in water quality are turbidity
(turbidity), electrical conductivity (EC), total dissolved solids (TDS), and total suspended
solids (TSS) [1].

Total suspended solids (TSS) is an indicator for evaluating water quality. The majority of
TSS in water bodies is caused by natural and human factors such as river runoff, coastal
erosion, dredging, including rainfall, rising temperatures, wind, high waves, and all activities
related to climate change [22]. The TSS value is directly proportional to turbidity which over
a relatively long period of time can cause a buildup of sediment which ultimately results in
shallowing of the water system and therefore, determining the TSS parameters in a water
body is very important and a priority to ensure the quality of the water [29], [12], [17], [25].




The use of conventional methods in measuring water quality parameters periodically, is
carried out by taking water samples in the field (in-situ), then testing them in the laboratory.
The data produced is accurate, but it is often expensive, takes a relatively long time, requires
a lot of energy, and is not comprehensive for studies on a large scale. An alternative method
that is more effective, real time, comprehensive, cost-effective and sustainable that can be
used is utilizing remote sensing satellite technology [8], [13], [18].

Remote sensing satellite technology products since the 1960s have been widely used by
developed countries for monitoring the aquatic environment [18]. Many researchers use
remote sensing satellite products such as SPOT, Sentinel-2, Landsat 8, Modis, Wordview 3
or Himawari-8 to monitor and evaluate water quality in various areas using TSS parameters
[71, [6], [26], [14], [5], [27], [24], [15], [18], [4], [9], [13]. These studies validate the estimated
value of satellite data generally using regression analysis, coefficient of determination (RZ),
correlation coefficient (r) and testing the accuracy of estimates using statistical parameters
such as root mean square error (RMSE), mean absolute error (MAE), normalized mean
absolute error (NMSE) or mean relative error (MRE).

The RMSE value shows the size of the error from the difference.between the estimated
value and in-situ. The smaller the RMSE, the closer and more precise the estimated value is
to in-situ data. MAE values with small estimation errors have“high ‘accuracy and NMAE
shows the normalized error rate in percent (%), where NMAE values <,30% can be used as
evidence of the validity of research image data [24]. The competency parameters R? r, and
residual standard error (RSE) are used to assess and decide on one of several alternative
models or algorithms used in estimating TSS in Indonésia based on Landsat 8 satellite data
[29]. Integration of TSS estimates in the Suwung estuary using the Laili (2015) algorithm
extracted from the Sentinel-2B acquisition of 16.June 2023 as variable x and in-situ data as
variable y produces a regression model y=1.0213x — 0.2921, with R2 =0.993 [30].

The synergy of 2 satellite images, namely Landsat 8 OLI and Sentinel-2 MSI, which have
different spatial resolutions, makes it possible-to develop new algorithms for monitoring the
dynamics of sensitive areas of water/systems, and regression analysis on the TSS time
series shows that the combination of the two sensors is very good, where the consistency of
the green band reflectance provides the lowest difference in mean absolute percentage error
(MAPE), namely 4.6% [10]. A comparative study of the chl-a algorithm modeling extracted
from Landsat 8 and Sentinel-2B to estimate the distribution of chl-a in the waters of Kendari
Bay produced an RMSE for Landsat 8 of 0.00010 and Sentinel-2B of 0.02656 [3]. Landsat 8
image accuracy outperforms. Sentinel-2A by 31% in estimating TSS, and to improve
accuracy, extensive-algorithm development is needed, so that it can differentiate bio-optical
water quality in reservoirs Chebara Dam [19], [2].

Apart from algorithm development, TSS estimation from satellite data generally depends
on the accuracy of atmospheric corrections where the methods that are often used are dark
object subtraction (DOS), flash atmospheric correction , and second simulation of a satellite
signal in the ‘solar spectrum-vector (radiative transfer 6SV) [26], [23]. The weak spectral
reflectance response from the surface of water bodies results in the inversion reflectance
received: by the sensor being only the reflectance above the atmosphere or top of
atmosphere (TOA). To eliminate the contribution of atmospheric effects or obtain bottom of
atmosphere (BOA) reflectance, radiometric and atmospheric corrections are carried out
where atmospheric corrections are carried out using the Dark Object Subtraction (DOS)
method [6], [21], [26].

This study aims to compare the accuracy of TSS estimates based on the Laili algorithm
extracted from Sentinel-2B and Landsat 8 satellite images. The accuracy comparison is
based on the competence of the two satellite images in estimating TSS. Competency is
determined by the results of regression analysis, namely R? and coefficient r, as well as the
results of accuracy tests with the parameters RMSE, MAE and MRE. Higher R?and r values,
as well as smaller accuracy parameter test results, indicate that the TSS estimation results



from the image data are closer to the laboratory data results, so they are better and suitable
to be used to estimate TSS in the Suwung estuary.

2. METHODOLOGY

2.1. Data Collection and Processing

The research location is in the Suwung estuary, South Denpasar subdistrict, Denpasar
city, Bali and astronomically, the research location is located at coordinates 115° 11' 16" —
115° 11' 22" East Longitude and 8° 43' 26"— 8° 44' 04" South Latitude. A map of the
research location is presented in Figure 1a and an overview of the situation of the research
sampling location is presented in Figure 1b. The time for taking water samples in the field is
adjusted to the time of recording or acquisition of satellite image data, namely June 16 2023
for the Sentinel-2B sample and 24 June 2023 for the Landsat 8 sample. This was done so
that the measurement results were real time. The number of samples for each tested was 20
which were taken at random observation points (OP) locations.

Figure la .Suwung estuary research location, Bali

i

Figure 1b. Situation of the Suwung estuary research location , Bali

Field sample TSS measurements are measured in the laboratory using the gravimetric
method which refers to the international standard water inspection method in accordance
with PP No. 82, 2001 [20] using Equation (1).

TSS(mg/L) = La—Wo)x1000 1)

Vsampel
Where:
W o = initial weight of filter paper (mg)
W , = final weight of filter paper after drying (mg)
V sample = VOlume of sample (ml)



Image data collection from Sentinel-2B and Landsat 8 images has different acquisition
times, but the TP of the samples tested is located in the same 50S zone universal transverse
mercator (UTM) coordinates. The stages of processing satellite images to obtain estimated
TSS values for each satellite image are:

1) Geometric correction and conversion of raw image pixels to top of atmosphere
(TOA) reflectance values

2) Atmospheric correction using the DOS method which aims to obtain the BOA
reflectance value, where the BOA reflectance value is also known as the
remote sensing (Rrs) reflectance value [3].

3) Image cropping to obtain an image of the study area
4) Applying TSS algorithm using the formula as presented in Equation (2)[16]

TSS (%) = 31,42 {Log(Frs Blue)

(Log(Rys Red))

—12.719 )

Where :
RrsBlue is a reflectance remote sensing on the channel (band) blue
RrsRed is a reflectance remote sensing on redband

Band of the Sentinel-2B image is in band 2 (central wavelength 0.490 ym), and in the
Landsat 8 image it is also in band 2 (wavelength interval 0:45 - 0.51 ym). The red band of
the Sentinel-2B image is in band 4 (central wavelength 0.665 ym), while in Landsat 8 it is
also in band 4 (wavelength interval 0.64 — 0.67 ym).

2.2. Data analysis

The TSS validation test for the spectral model. of Sentinel-2B and Landsat 8 satellite
images in the laboratory used regression and,correlation analysis, where as the independent
variable (X) is TSS data from laboratory measurements and as the dependent variable (Y) is
TSS estimation data from satellite images ([11], [26], [8]. The paired sample difference test
was carried out using a two-way T test, and to test the accuracy or determine the error level
of the two satellite image data in. estimating TSS, in this study root mean square error
(RMSE) analysis was used, mean absolute error (MAE) and mean relative error (MRE)
where the formulas are presented as in Equations (3), (4) and (5) [22], [24].

RMSE = |F=&¥d® (3)
n

MAE = =37, |X; - Yi| 4)

MRE =237, %04 x 100% (5)
n Xi
Where :
X=Laboratory TSS value
Y=TSS value of satellite imagery
n=Number of data and i=1..n

Comparison of estimates is determined by calculating the ratio of RMSE, MAE and MRE
from the two types of satellite images in estimating TSS. The research flow diagram is
presented in Figure 2.
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3. RESULTS AND DISCUSSION

3.1. Results

The results of image processing. and application of the TSS algorithm according to
Equation (2) using the Terrset productimage processing program, version 18.21 which are
presented in the form of spatial information are shown in Figure 3a for Sentinel-2B imagery,
while for Landsat 8 imagery in Figure 3b. Water quality parameter measurements
represented by 20 TSS-concentration samples in processed satellite image pixels for
Sentinel-2B and the laboratory. (Labs) as well as for Landsat 8 and the laboratory (Lab, ) are

presented in Table 1.

The validation graph for TSS estimates from image pixel

measurements of ‘laboratoryTSS concentrations through linear regression analysis based
on test data in_Table 1 is presented in Figure 4a for Sentinel-2B image pixels and Figure 4b

for Landsat 8.
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Figure 3a. Sentinel-2B TSS distribution
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Figure 3b. Landsat 8 TSS'distribution

Table 1. Results of TSS measurements from laboratories and satellite images

OoP Coordinates (m) TSS Sentinel-2B (mg/L) TSS Landsat 8 (mg/L)
Latitude Longitude Labg Pixel value Lab, Pixel value
1 300561.4 9034968.2 8.00 13.464 6.00 17.623
2 300564.7 9034876.5 7.00 12.258 5.00 17.597
3  300563.5 9034865.8 11.00 15.476 6.00 17.597
4 300748.6 9034943.6 8:00 13.726 9.00 17.930
5 300846.4 9034758.8 9.00 14.237 6.00 17.660
6 300875.9 9034655.7 8.00 13.819 5.00 17.558
7 300905.4 9034587.9 7.00 12.639 7.00 17.750
8 300917.3 9034557.2 10.00 14.416 9.00 18.152
9 300941.5 9034468.8 8.00 13.186 5.00 17.580
10 300973.4 9034378.3 9.00 14.903 6.00 17.653
11 300746.1 9034975.6 7.00 12.539 9.00 18.053
12 300695.4 9035145.7 8.00 13.121 10.00 18.218
13 300678.3 9035252.7 8.00 13.683 12.00 18.997
14 300562.9 9034938.7 13.00 15.704 6.00 17.623
15 300562:2 9034917.9 9.00 14.068 6.00 17.623
16 300579.9 9034732.9 7.00 12.068 9.00 17.916
17 300572.8 9034675.6 9.00 14.117 4.00 17.612
18 300581.8 9034554.8 14.00 16.121 12.00 18.062
19 ~.300601.5 9034381.9 8.00 12.915 5.00 17.620
20 300670.6 9034153.3 15.00 17.277 14.00 19.538
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A summary of the results of statistical analysis and correlation of paired samples, namely
pair 1 (pair 1) which is a pair of TSS Labs with Sentinel-2B and pair 2 (pair 2), TSS Lab, with
Landsat 8 which was processed using IBM SPSS Statistics version 22.is presented in Table
2. Results of paired sample average tests and T test results are presented in Table 3.

Table 2. Paired Samples Statistics and'Correlation

Std. Std. Error  Correlation Sig.

Mean N Deviation Mean

Pair1 Labs 9.150 20 2.346 525
Sentinel-2B 13.987 20 1.362 .305 948 000

Pair2 Lab, 7.550 20 2.799 .626
Landsat 8 17.918 20 515 115 891 000

Tabel 8, /Paired Samples Test

Paired Differences
95% Confidence

Std. Interval of the
Std. Error Difference Sig. (2-
Mean Deviation Mean Lower Upper t df tailed)
Pair 1 -4.837 1.139 .255 -5.370 -4.304 -18.989 19 .000
Pair 2 -10.368 2.353 526 -11.469 -9,267 -19,706 19 ,000

A comparisonigraph of the results of Labs TSS concentration measurements and
estimates from Sentinel-2B at each observation point is shown in Figure 5a, while for Lab,
and Landsat:8 it is shown in Figure 5b.
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The results of the accuracy test calculations show that there are differences in estimation
results with laboratory measurements using 3 statistical parameters. RMSE, MAE and MRE
such as Equations (3), (4) and (5) are shown in Table 4.

Table 4. Summary of results and comparison of RMSE, MAE and MRE TSS image
estimation with laboratory

No. Analyzed variables RMSE MAE MRE (%)
1 Pair 1 4.963 4.837 0.577
2 Pair 2 10.619 10.368 1.648

Comparison of pair 1 with pair 2 0.467 0.466 0.350

3.2. Discussion

The spatial information as presented in Figures 3a and 3b, represents the
distribution of TSS estimates produced by Sentinel-2B and Landsat 8 images. Visually, it can
be clearly observed that there is a difference in displaying the distribution of TSS estimates,
where this difference isdue to the two images having different resolutions. In this study, the
pixel spatial resolution of the Sentinel-2B, band 2 and band 4 images is 10 m, while the
spatial resolution of the Landsat 8, band 2 and band 4 images is 30 m. An area of 900 m?is
only represented.by 1 Landsat 8 pixel, (30 m x 30 m = 900 mz), whereas in Sentinel-2B, it is
represented by 9 pixels, (10 m x 9 m = 900 m?). Therefore, it is said that the Sentinel-2B
image has-a higher spatial resolution than Landsat 8, so that when visualizing the image, the
Sentinel-2B image, will appear smoother or more detailed [3], [10].

The'results of TSS estimation measurements at 20 OP from Sentinel-2B and
Landsat 8 using the TSS algorithm Equation (2) provide different values from the results of
laboratory TSS measurements, as presented in Table 1. Differences in the values of these
measurement results can be caused, among other things, by atmospheric factors, where
even though atmospheric corrections have been made to the satellite image data, which in
this study used the DOS method, however, the influence of the atmosphere is still there [6],
[21].

Validation of TSS estimation measurement results against laboratory measurement
results analyzed using linear regression analysis to obtain graphs and validation equations
(regression equations) as presented in Figure 4a for Sentinel-2B imagery and Figure 4b for
Landsat 8 imagery. This validation equation can be used to estimate measurements TSS
uses real time satellite imagery when laboratory measurements are not available. Figure 4a
and Figure 4b also show the coefficient of determination value, namely for Sentinel-2B it is
R® = 0.8995 and for Landsat 8 it is R? = 0.7940. The determinant coefficient value explains



the ability of laboratory measured TSS data (independent variable) to explain the estimated
TSS value from satellite imagery (dependent variable) [8], [11]. Based on this, because the
coefficient value of Sentinel-2B is greater than Landsat 8, namely 0.8995 > 0.7940, it can be
said that, qualitatively, Sentinel2-B ability to explain TSS estimates is greater than that of
Landsat 8. In estimating TSS, Sentinel-2B capability is 89.95% explained by laboratory
measurement results while Landsat 8 is 79.40%.

From Table 2 it can be seen that the correlation coefficient value for Sentinel-2B is
r=0.948 and for Landsat 8 it is r=0.891. The correlation coefficient value explains the
strength of the relationship or correlation that occurs between the independent variable and
the dependent variable [11]. It can be seen that, in both pairs, both pair 1 and pair 2, the
results of TSS estimation data from satellite imagery are very strongly correlated with
laboratory TSS data. The correlation between pair 1 is stronger than pair 2. Figure.5a shows
the comparison curve of estimated TSS measurement results from Sentinel-2B imagery, with
laboratory measurement results at 20 observation points and Figure 5b=shows the
comparison curve for estimated TSS measurement results from Landsat 8 imagery with
laboratory measurement results at 20 observation point. The differences.in estimates of TSS
measurement results using satellite imagery and laboratory measurement results, both for
pair 1 and pair 2, can also be explained by the value of the T testresults.

Two-tailed T test analysis with a=0.05 for paired samples are:presented in Table 3.
The estimated bias of measurement results, which is represented by the standard deviation
value, for pair 1 is 1.139, which is smaller than for pair 2, which is 2.353. The calculatedt
value for pair 1 is —18,989 and for pair 2 is —19.706. The absolutevalue of these two pairs is
greater than the t table value= 2.093. This shows that there are differences in the estimated
results of TSS measurements from satellite images and laboratory results in accordance
with the data presented in Table 1.

The results of calculating the accuracy of TSS measurement estimates for Sentinel-
2B and Landsat 8 images as presented in Table 4 show that pair 1 with values of
RMSE=4.963, MAE= 4.837 and MRE=0.577"is smaller than the values for pair 2. This shows
that the estimation error is smaller, ‘resulting in-a high level of accuracy in estimating TSS
[24]. Based on the comparison of'the results of these three statistical parameters, it can be
interpreted that the estimated  TSS measurement results using Sentinel-2B imagery are
closer to the results of laboratory measurements. This also means that, in estimating TSS in
the Suwung estuary, Bali; the accuraey of Sentinel-2B imagery is better and the error rate is
smaller compared to Landsat 8 imagery.

Comparison-of quantitative estimation accuracy between pair 1 and pair 2, namely
for RMSE 4.963 versusi10.619 or 4.963/10.619=0.467 (46.7%), comparison for MAE=0.466
(46.6%) and for MRE=0.350%. From the results of the comparison values, based on the
RMSE valueft can be said that, 46.7% of the estimation results for pair 1 are better than pair
2, and based on.the.comparison of MAE values it can be said that 46.6% of the estimation
results for pair 1 are better than pair 2, and based on the comparison The MRE value can be
said to, be only 0.350%, the estimated results of pair 1 are better than pair 2. Another
implication of the accuracy calculation results is that, the form of the regression equation
model produced by Sentinel-2B on laboratory results in measuring TSS, namely Y =
1.6335X — 13.697 is more feasible and better to use in estimating TSS in the Suwung
estuary compared to that produced by Landsat 8.

4. CONCLUSION

Based on the results and analysis where the RMSE, MAE and MRE values in
pair 1 (Labsand Sentinel-2B imagery) are smaller than pair 2 (Lab,_ and Landsat 8
imagery) it can be concluded that the accuracy of the TSS estimation of the Laili
algorithm in the Suwung estuary using Sentinel-2B imagery is better than Landsat 8



imagery. Suggestions for developing this research are besides using satellite
imagery which has a higher spatial resolution than Sentinel-2B, also applying other
and appropriate TSS algorithms or developing existing algorithms so that they can
provide more accurate TSS estimation results.
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