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Abstract— Ujung Pangkah Gresik is a reasonably dynamic area in the growth of turbidity levels in coastal beaches. As an area that 
has the estuary of the River Bengawan Solo, then Ujung Pangkah each year will experience the sedimentation process, one of which is 
the result of the movement of the river flow. This study aims to find the best mathematical model as an illustration of the total 
dynamics of the dissolved solids occurring in the area. The method used is a linear regression analysis of several selected models such 
as linear model, exponent, logarithm, polynomial degree 2, polynomial degree 3 and power model. The independent variable used in 
this research is the reflectance value of the Aqua Modis Level 2 from satellite imagery at wavelength 412 nm, 531 nm, and 645 nm.  
The results obtained from this study are the ability of Aqua Modis satellite imagery in mapping the total suspended solids, besides 
that it can also be used to predict changes in the total value of suspended solids by calculating remote sensing algorithms that produce 
optimal mathematical models, where the model used is the polynomial model degree 3 and the logarithmic model based on choosing a 
high correlation value of the model that is 0.75 obtained at a wavelength of 645 nanometers    
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I. INTRODUCTION 

Reflectance from satellite imagery is one of the variables 
that are needed to detect climate change from the ecosystem 
existing in an area.[1] Reflectance is the result of 
electromagnetic radiation emitted by an object when the 
object is exposed to sunlight which is the primary energy 
source. The exposure of sunlight in his journey on the 
surface of the earth, some of which is absorbed and some are 
reflected back. The magnitude of the reflected or reflectance 
value of each object affected by solar radiation is not the 
same. This is a characteristic of each object. The soil, rocks, 
water and foliage have their characteristics in reflecting the 
energy of sunlight that is about itself. From the phenomenon, 
the reflectance value has been widely used by remote 
sensing experts as a variable for the detection of natural 
resources that exist on the surface of the earth and the 
changes that occur in the earth's atmosphere [2]–[4]. 

One of the benefits of the widely used reflectance is to 
detect turbidity occurring in a water body, primarily in the 
river and coastal streams [5]. The flow of the river at any 

time in its journey from upstream to downstream will bring 
with it dissolved solids. The number of dissolved solids 
carried depends on the number of sedimentation processes 
occurring along the existing river body, as well as the flow 
rate of the river. 

Total soluble solids is one of the water quality parameters 
that have been widely researched by remote sensing experts 
in addition to other parameters such as chlorophyll-a [6]–[8], 
sea surface temperature [9], salinity [10], using various 
instruments such as Meris [11]–[14], ALOS and Aster [15], 
SPOT [16], Landsat 5 [17], Landsat 7 [18], Landsat 8 [19] 
and Aqua Modis [20]–[22]. 

Robabeh et all.[23] has been doing this research about 
total suspended solids in the Penang area; they used THEOS 
satellite images to measured the content of TSS to get the 
water quality. Statistical models are used to obtain an 
overview of water quality with in-situ data; a multispectral 
algorithm is used to map water quality with the aim of better 
environmental quality management. 

The main reason underlying this research is the 
mathematical models used by researchers often only provide 
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the best results for linear and exponential mathematical 
models without including the results for other mathematical 
models, so researchers only know the best results without 
knowing the results for the other model whether does it 
provide a wrong correlation value with a high standard of 
error   

This research aims to achieve the best mathematical 
model from the total growth process of dissolved solids in 
the Ujung Pangkah Gresik coast. As the independent 
variable is taken the reflecting value of the Aqua Modis 
satellite image, where this value is obtained by extraction at 
a visible wavelength of wavelength 412 nm, 531 nm, and 
645 nm. 

II. MATERIALS AND METHOD 

A. Research Location  

The location in this research took place at Ujung Pangkah 
Gresik, where this location is the boundary with the Java Sea 
in the north, Madura Island in the east, Lamongan district in 
the west and Surabaya city in the south.  The location of this 
study is limited by the latitude and longitude coordinates 
which map the study location so that the sample data used 
can be determined more precisely. The coordinates are 112o 
30 'E to 113o 20' E for longitude and 6o 30 'S to 7o S for 
latitude, as seen in Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 1. Image of research location at Ujung Pangkah Gresik 
 
 

B. Satellite Image 

Satellite images that used in this research are Aqua Modis 
with the name of the file is A2017215061500. 
L2_LAC_OC.nc which retrieved on a date 3 August 2017 on 
the webpage http://oceandata.sci.gsfc.nasa.gov, these 
satellite images have a 1 km spatial resolution which carried 
on Aqua platform with Modi's instrument and has processing 
level L2. Images of Aqua Modis which have been retrieved 
can be seen in Figure 1. 

 

 
Fig 2. Display of satellite imagery after the process of reprojection   

 
Figure 1. shows the images of the edge of  Ujung Pangkah 

Gresik and surrounding areas, Aqua Modis is satellite 
images with a low resolution of 1 km, but with this 
resolution, it can map existing natural resources over a large 
area as shown in Figure 1., where boundaries of satellite 
imagery swept the area of Gresik and Madura islands. This 
satellite image still needs to be corrected further and for that 
to be reprocessed and with the SeaDASS process can be 
done such process as seen in Figure 2.  

The result of satellite image reprojection, as shown in 
Figure 2, has a rectification of the image layout and 
adjustment of the existing coordinates.  The reprojection 
process carried out on satellite imagery as shown in Figure 2 
is continued by rearranging the composition of the map 
image of the study location. The rearrangement in question 
is carried out further cuts to produce a more representative 
picture of the location and the results are given in Figure 3.  

 

 
Fig 3. Point of coordinate for sample data of TSS 

 
Furthermore from Figure 3 the coordinates of the 

sampling point are given which are scattered as much as 20 
sample data From the sample data, 15 data are used to find 
the most optimal mathematical model using the remote 
sensing algorithm, then the mathematical model that has 
been formed and selected based on the largest R correlation 
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value will be used for validation calculations by entering the 
remaining sample data (5 data that are exist) into the 
mathematical model as an independent variable so that later 
the total value of dissolved solids from the results will be 
obtained which will be compared with in situ data or field 
data. The suitability of the mathematical model used in the 
distribution of the total value of dissolved solids will be seen 
from the magnitude of the RMSE value calculated from the 
TSS in the field with the TSS from the validation calculation. 

C. Measurement of Total Suspended Solid 

The seawater extract at the designated point by handheld 
GPS was then taken to the laboratory, and Gravimetric 
analysis is performed to determine the TSS content in 
milligrams per liter of sample water [24]. The result of 
measurement after drying with the oven is shown in Table 1 
which contains TSS (total suspended solids) data according 
to the coordinates paper must use a page size corresponding 
to A4 which is 210mm (8.27") wide and 297mm (11.69") 
long.   

D. Algorithm for Total Suspended Solid 

To find the best mathematical model, a series of 
calculations were performed using several standard models 
owned by the Excel program, and from the model, the most 
optimum correlation value for each model was taken so that 
from the R correlation value the best model that could be 
considered for used as a model that describes the 
mathematical relationship between the reflectance of satellite 
images and the concentration of TSS obtained in the field. 

The model used to find the algorithm for mapping total 
suspended solid is a linear model, exponential model, 
logarithmic, polynomial, and power model. with the trend 
analysis obtained the same mathematical model and the 
correlation value R, and this calculation is done for each 
wavelength available at Aqua MODIS namely wavelength 
412, wavelength 531 and wavelength 645 

III.  RESULTS AND DISCUSSION  

A. Total Suspended Solid Data 

The results of measurement for total suspended solid 
concentration from field sample data are given as follows (as 
seen in Table 1.) 

TABLE I 
DATA OF TSS (MG/L) FROM SAMPLE POINT AT UJUNG PANGKAH GRESIK 

Latitude Longitude TSS (mg/l) 
-6o 45’ 17.298” 112o 27’ 09.98” 48.5 
-6o 44’ 37.559” 112o 27’ 49.50” 44.9 
-6o 43’ 57.701” 112o 29’ 08.70” 24.7 
-6o 12’ 56.844” 112o 31’ 07.48” 26.2 
-6o 43’ 57.086” 112o 32’ 26.88” 54.9 
-6o 44’ 36.452” 112o 33’ 46.29” 64.3 
-6o 45’ 55.721” 112o 33’ 46.56” 61.5 
-6o 46’ 35.210” 112o 34’ 26.32” 60.8 
-6o 47’ 54.349” 112o 35’ 06.25” 66.2 
-6o 48’ 33.835” 112o 35’ 46.01” 63.4 
-6o 49’ 52.837” 112o 37’ 05.59” 82.4 
-6o 50’ 32.185” 112o 38’ 25.01” 65.7 
-6o 50’ 31.914” 112o 39’ 44.31” 52.8 
-6o 51’ 51.040” 112o 40’ 24.20” 48.5 
-6o 53’ 49.919” 112o 40’ 24.65” 78.3 

From the data generated in Table 1 and by combining the 
satellite image reflectance data at the wavelength of 412 nm, 
531 nm and 645 nm, the mathematical model can be 
produced by calculation using linear regression method, 
mathematical model and coefficient of determination R for 
412 nm wavelength seen in Table 2, whereas seen in the 
table the most suitable model with the highest R-value is the 
polynomial model of degree 3.  

Fig 4 shows a composite color of satellite images from 
Aqua MODIS for wavelengths 412, 531 and 645 nm. 
Moreover, by setting the RGB band with the sequence 
composition then the composite color obtained for A with 
the sequence 645-531-412, where the wavelength 645 is red, 
531 is green and 412 is blue, while for composite color B is 
the arrangement for the order 412-531- 645 and composite C 
color is generated from the sequence settings 531-412-645. 
The purpose of setting the composite color is to get an initial 
picture of the satellite image spectral by looking at the 
situation in the Ujung Pangkah Gresik area.   
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
Fig 4. Composite color of each wavelength, where [A] 645-531-412; [B] 
412-531-645 and [C] 531-412-645 
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B. Mathematical Model From Remote Sensing Algorithm 

The result of a mathematical model for wavelength 531 
nm toward the value of total suspended solid can be seen in 
Table 3, where the data in the table can be seen that the most 
suitable model with the highest determinant coefficient value 
R is the polynomial model 3 with R = 0.713. Table 4. 
represents the processing of a mathematical model with the 
coefficient value R for a wavelength of 645 nm, wherein the 
table it is shown that the most suitable model is a polynomial 
model of 3 with R = 0.7452. The only interesting for Table 4 
is that the overall mathematical model generated has a value 
of R coefficient above 0.5 which means that statistically, 50% 
of the data can be represented on a linear regression line. 
This is in contrast with the Table 2 and also Table 3, where 
for both tables the wavelength 412 and wavelength 531 nm 
results obtained in the mathematical model do not all have R 
above 0.5, just for Table 2 all of the existing models have a 
value R is relatively low in the absence of a mathematical 
model that has a value of R above 0.5 so it can be said that 
for the wavelength 412 nm is less contribute to the mapping 
concentration of TSS in the field. 

TABLE II 
THE MATHEMATICAL BUILDING OF RRS_412 NM REFLECTANCE WITH TSS 

CONCENTRATION 

No Model Mathematic equation R2 

1 Linier TSS = -5666.2*Rrs_412 + 
95.521 

0.2906 

2 Exponent TSS = 119.78e-116,1*Rrs_412 0.2682 

3 Logarithmic TSS = -39.74ln(Rrs_412) – 
142.28 

0.3129 

4 Polynomial 2 TSS = 3E+06*(Rrs_412)2 – 
43257*(Rrs_412) + 220.18 

0.3763 

5 Polynomial 3 TSS = 6E+08*(Rrs_412)3 - 
1E+07*(Rrs_412)2 + 

47654*(Rrs_412) + 15.092 

0.3867 

6 Power TSS = 0.9342*(Rrs_412)-0,811 0.2861 

TABLE III 
THE MATHEMATICAL BUILDING OF RRS_531 NM REFLECTANCE WITH TSS 

CONCENTRATION 

No Model Mathematic equation R2 

1 Linier TSS = -1723.8*(Rrs_531) + 
70.434 

0.1788 

2 Exponent TSS = 72.688e-37,08*Rrs_531 0.1819 

3 Logaritmic TSS = -15.77ln(Rrs_531) – 
21.31 

0.2541 

4 Polynomial 2 TSS = 847903*(Rrs_531)2 – 
16484*(Rrs_531) + 121.97 

0.5820 

5 Polynomial 3 TSS = 2E+08*(Rrs_531)3 - 
5E+06*(Rrs_531)2 + 

33423*(Rrs_531) – 2.435 

0.7130 

6 Power TSS = 10.469*(Rrs_531)-0.332 0.2475 

 

TABLE IV 
THE MATHEMATICAL BUILDING OF RRS_645 NM REFLECTANCE WITH TSS 

CONCENTRATION 

No Model Mathematic equation R2 
1 Linier TSS = 8154,1*Rrs_645 + 35,364 0.5680 
2 Exponent TSS = 35,165e164,33*Rrs_645 0.5072 
3 Logaritmic TSS = 21,088*ln(Rrs_645) + 

185,79 
0.6829 

4 Polynomial 
2 

TSS = -3E+06*(Rrs_645)2 + 
23661*(Rrs_645) + 17,655 

0.7346 

5 Polynomial 
3 

TSS = -6E+08*(Rrs_645)3 + 
4E+06*(Rrs_645)2 + 

6685,2*(Rrs_645) + 29,723 

0.7452 

6 Power TSS = 767,24*(Rrs_645)0,4333 0.6339 
 

The histogram of each wavelength shown in Fig 7, where 
in the images of the histogram can be seen the maximum 
frequency of reflectance for 412 nm, 531 nm, and 645 nm. 
The wavelength of 412 and the wavelength of 531 shows the 
reflectance value is more diffuse than the wavelength of 645, 
this shows that the wavelength of 645 has a detection scale 
that is sharper than other wavelengths, where the frequency 
of the reflectance value is more centralized. 

 

 

 
Fig 5. Thematic map of TSS concentration with logarithmic models 

 

 

 
Fig 6. Thematic map of TSS concentration with cubic model 
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Fig 7. Histogram of  the wavelength 412 nm, 531 nm and 645 nm at coast Ujung Pangkah Gresik 

 
Subsequently, Table 4 is taken as a reference to a 

representative mathematical model for the calculation and 
mapping of TSS concentrations on the coast of Ujung 
Pangkah Gresik. The mathematical model used as an 
example here is a logarithmic model and a polynomial 
model degree 3 or cubic. The mapping results with 
SeaDASS for the logarithmic model are shown in Figure 5, 
while the cubic model is shown in Figure 6. 

C. Validation of mathematical models  

The validation of the models that have been selected that 
is a logarithmic model and cubic model, both of them then 
used as a model to calculate the remaining data of TSS data 
as a form of  belief on the model already selected, while the 
available data can be seen in Table 5 

 

TABLE V 
TSS CONCENTRATION FOR VALIDATION PROCESS 

Longitude Latitude TSS (mg/l) 

112.80209o -6.83163o 57.4 

112.88413o -6.82683o 52.8 

112.95905o -6.81524o 38.4 

113.02217o -6.80547o 23.9 

113.14269o -6.78107o 61.5 

 
For the calculation of TSS values in logarithmic models 

and cubic models performed using reflectance values at 645 
wavelengths which are extracted at the coordinates as shown 
in Table 5, and the results have presented in Table 6, which 
is the value of total suspended solids at 645 wavelengths for 
the cubic model and logarithmic. 

 
TABLE VI 

RESULT OF TSS CONCENTRATION AT CUBIC AND LOGARITHMIC 

Cubic at 645 nm 
(mg/l) 

Logarithmic at 
645 nm (mg/l)  TSS (mg/l) 

69.608 63.301 57.40 

50.305 51.800 52.80 

40.484 41.188 38.40 

17.698 84.747 23.90 

85.325 71.267 61.50 

The results obtained for the TSS values in the cubic and 
logarithmic models are then analyzed for correlation of each 
other with the mathematical TSS value, and the results as 
shown in Table 7 can be seen that the correlation model can 
be taken is the correlation of cubic model with TSS insitu 
where the correlation value that obtained is 0.9568, this is 
mean that 95,68% of the data in TSS insitu can be explained 
with the calculated data of TSS from the cubic models. 

 
TABLE VII 

CORRELATION OF CUBIC AND LOGARITHMIC MODELS WITH TSS INSITU 

  TSS from cubic 
models 

TSS from 
logarithmic 

models 

TSS 
insitu 
(mg/l) 

TSS from cubic 
models 

1     

TSS from 
logarithmic 

models 
-0,1094 1   

TSS insitu (mg/l) 0,9568 -0,2459 1 

 
Table 7 shows the correlation analysis of TSS 

concentrations obtained in the field with TSS obtained from 
the calculation of the polynomial algorithm degree 3 and the 
logarithmic algorithm. This is done to see which 
mathematical model algorithms are most relevant. Table 7 
shows the cubic or polynomial model of degree 3 has 
conformity with the TSS in situ of 0.9568, while the 
logarithm shows -0.2459, so it can be said that the cubic 
algorithm 95.68% of the data obtained shows conformity 
with the field sample data 

IV.  CONCLUSIONS 

The reflectance data from Aqua Modis satellite imagery is 
still relevant enough to be used as a variable in mapping the 
concentration of TSS value on the coast, where with this 
data combined with the TSS concentration value will be 
obtained mathematical model in some form which has 
coefficient of determination value with varying quantity. The 
variation formed by the R-value of the mathematical model 
will determine the suitability of the model against the 
mapping of TSS concentrations in the field. And from a 
series of proposed models it can be concluded that the cubic 
model has to be considerable significance if it compared 
with the other model shapes, whereas the corresponding 
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wavelength for this is 645 nm representing the red channel 
of the satellite image. The value result of the model if it 
compares with the TSS insitu on correlation analysis shows 
that the cubic model has the big proportion, so in the coastal 
area of Ujung Pangkah Gresik the changes of the suspended 
solid concentration have a probability cubic model that can 
be applied in the area for the need of forecasting 
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