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Abstract 

Lake Maninjau is a lake formed by volcanic activity. Many human activities occur in the catchment area, but also in exploited waters. 

This study aims to map the depth of the waters in Lake Maninjau and assess the effect of field sample distribution on the quality 

results of the image transformation. The data used are satellite imagery Sentinel 2A, results of the point survey. The analysis technique 

uses the normalized difference water index algorithm, sun glint, empirical bathymetry method, and linear regression. The result of the 

research has found that variations of distribution into the dispersion of the recording process of the depth of the object represented by 

the cell. The depth of the water from the results of this transformation refers to the measurement sample in the field survey. The 

maximum depth of the waters is in the range of 107m. Shallow waters are predominantly distributed in the northern region which is 

the out late of Lake Maninjau. The southern area forms a deep basin. The distribution of this sample is in the form of an empirical 

bathymetry map and the relationship between the results of field measurements and the transformation with a regression value of 

0.769, this indicates the consideration of total and distribution of survey sample is influence on the quality of the results of the 

transformation. 
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1. Introduction 

Lake is one of the natural landforms that is formed by 

natural processes and has very complex functions and 

systems. The lake ecosystem in Indonesia stores a wealth 

of germplasm, supplies by surface water, and use full for 

agriculture, community development, water sources, 

fisheries, agriculture, hydroelectric power, tourism, and 

others. Currently, many lakes in Indonesia have been 

degraded which is caused by population growth, land 

conversion, waste, chemical pollution, and erosion.  

Lake Maninjau is the lake in Agam Regency, West 

Sumatra Province, Indonesia. Lake Maninjau is a 

volcanic lake located at an altitude of 461.50 meters 

above sea level. This is a caldera from a large volcanic 

eruption that scattered approximately 220-250 km3 of 

pyroclastic material. The other facts also reveal that the 

water quality of Lake Maninjau tends to decline in two 

decades, due to the increasing level of pollution due to 

domestic and agricultural waste disposal [1]. The 

environmental dynamics that occur in the catchment area 

of Lake Maninjau are the degradation of vegetation 

which largely decreases vegetation density as the impact 

of land use around the catchment area [2]. Lake 

Maninjau exploited which is not followed by 

conservation efforts. The general problem faced is an 

increase in waste content which results in pollution and 

silting of these problems which in turn results in 

degradation of the lake environment and the death of fish 

in fishpond [3].  

Mapping water body and bathymetric measurements 

were carried out by lowering the rope or cable using a 

weight to the seabed. This method is less efficient 

because it only measures the depth point in one point for 

a long time and has unsatisfactory accuracy. Advance 

technology of remote sensing has been used quite a lot 

for studies with the theme of limnology such as water 

quality monitoring, mapping of resource potentials, etc. 

Technology for measuring and mapping bathymetry is 

always evolving [4]. Remote sensing data to study the 

change of environment dynamic [5]. Furthermore, many 

remote sensing algorithms have been developed 

according to the user's need and develop geospatial 

modeling to assess environmental phenomena [6, 7]. The 

technology uses an active sensor (LIDAR) is very useful 

in environmental observation, this technology is able to 

distinguish the condition of objects in the x, y point 

information and height data in the form of z points [8]. *Corresponding author. Tel.: +62-852-1050-4212 
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Nevertheless, In this technology also provide 

sensitivity for water observation the method for 

bathymetric measurement [9]. The acoustic methods such 

as the use of echo-sounders and multi-beam provide 

accurate results however, both techniques in relatively 

high costs, large size, and limited coverage area. One 

solution for measuring and mapping bathymetry at an 

affordable cost and covering a wide area is to use remote 

sensing satellite technology [10, 11].  

Today using a low-cost digital camera was use full to 

capture and observe the images of water bodies [12] 

Advance high-resolution imagery such as Quick-Bird is 

use full for investigation and study about hydrology 

process, water dynamic, rivers changes, and deposition 

[13]. QuickBird is also used to mapping bathymetry with 

the spatial (~ 2 m) such as QuickBird and WorldView-2 

can produce good bathymetry maps with a coefficient of 

determination above 0.80 and a root mean square error 

(RMSE) value below 0.6 m [14]. Unfortunately, these 

satellite images come at a high price. In contrast, the free 

use of satellite imagery with medium spatial resolution 

such as Landsat (30 m) can be used to produce medium 

resolution bathymetry maps with a determination 

coefficient of 0.6 [14, 15]. Nevertheless, advance remote 

sensing in the Copernicus project such as sentinel 2a 

(Fig. 1) imagery and the arrival of new technologies for 

mapping bathymetry.  

Sentinel-2 is a wide-swath, high-resolution, multi-

spectral imaging mission, supporting Copernicus Land 

Monitoring studies, including the monitoring of 

vegetation, soil, and water cover, as well as observation 

of inland waterways and coastal areas. The SENTINEL-2 

Multispectral Instrument (MSI) samples 13 spectral 

bands: four bands at 10 meters, six bands at 20 meters, 

and three bands at 60 meters spatial resolution. The 

acquired data, mission coverage, and high revisit 

frequency provide for the generation of geo-information 

at local, regional, national, and international scales. The 

data is designed to be modified and adapted by users 

interested in thematic areas such as spatial planning, 

agro-environmental monitoring, forest, and vegetation 

monitoring, land carbon, natural resource monitoring, 

global crop monitoring, and water monitoring [14]. With 

the availability of Sentinel satellite data with a higher 

resolution than medium resolution imagery for earth 

observation, sentinel satellites can be used for the 

exploration of water resources because they are 

supported by spectral sensitivity for water objects. 

This research aims is to mapping the water's depth in 

the Lake Maninjau area of Agam Regency and assess the 

effect of field sample distribution on the quality of the 

result of image transformation. The research location is 

Lake Maninjau, West Sumatra Province. This lake is a 

volcanic lake or commonly known as the caldera of 

Tinau Mountain which is the result of ancient mountain 

eruptions. We decide to choose this location because it 

has a unique geological and natural landscape, and has 

complex environmental problems. 

2.  Materials and Method 

2.1. Data 

In this research, we use two data which we obtain 

from a website and ask the government. The data used is 

Sentinel 2A satellite imagery sourced from 

http://earthexplorere.usgs.gov this data free access and 

field sample output of echo-sounder which is obtained 

from River Basin Institute Indonesian government (BWS 

V). 

2.2. Analysis 

a.  Normalized Difference Water Index 

The index for separating the body of water and land is 

used to focus the research location on water areas. By 

applying the NDWI algorithm, it can discriminate 

between water and land where the band/image waves 

used are green-swri equation [16] as follows: 

 
Green Swri

NDWI
Green Swri

−
=

+
 (1) 

b.  Sun Glint Correction 

Sun glint is also commonly known as the Glinting, 

where sun glen is the sparkle on the surface of the water 

due to the reflection of the sparkling sunlight, the 

sparkling conditions of the sun on the surface of the 

water can cause errors when mapping the depth of the 

water body, then the equation is applied [17]: 

 ( )' mini i NIR NIRR R bi R= − −  (2) 

c. Ratio Transform Algorithm (RTA) 

One of the algorithms that work in the empirical 

bathymetry method is the ratio transform algorithm, in 

which this transformation builds the results of the 

regression equation from the field measurement data with 

the logarithmic ratio of the two channels. The image used 

is usually a blue band or coastal band, this algorithm is 

able to extract it into a body of water up to a depth of 

25m, provided that the water is in condition. This method 

is part of the Empirical Bathymetry method, which is the 

key in this study using field measurement data, in this 

study for field validation reference data used 

measurement data with eco-sounder measurement results 

by the BWS River Basin Institute equation [18]: 

 
( )( )
( )( )

ln
1 0

ln

nRw i
Z m m

nRw j




= −  (3) 

where, 

Z : water depth, 

m1 : is (gain) to each depth ratio, 

m0 : is (offset) 

Rw : reflectance of water in the ʎi or ʎj band 

λ : spectral band 

Figure 1. Satellite Sentinel 2 MSI [14] 
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n :  a constant value per area for the confidence 

of the positive logarithmic value of each case 

and the ratio which will refer to the linear 

regression response to the water depth 

response. 

3.  Results and Discussion 

The bathymetric mapping process with the empirical 

bathymetry algorithm method will go through three main 

data processing stages, in which the sentinel image 2a is 

used and specifically is bands 2 and 3. The selection of 

bands 2 and 3 are based on sentinel specifications and 

wave sensitivity in mapping water depth.  

The first stage of the NDWI analysis is carried out in 

which this analysis aims to separate water and non-

marine objects. In this stage, the researcher successfully 

implemented the NDWI algorithm to highlight marine 

objects and discriminate non-waters objects to the made 

focus area in the bathymetric analysis process, then the 

results of the NDWI image transformation can be seen on 

the following map. The researchers succeeded in 

delineation the waters with an area of 9,950 ha. 

Furthermore, the bathymetry mapping process goes 

through the sun glint correction stage. In principle, sun 

glint correction aims to eliminate the reflection bias of 

sunlight reflected by the surface of the water to the 

atmosphere so that the original image will show the 

sparkle of the water surface so that it will cause an error 

in the analysis. So the application of sun glint correction, 

the sparkle of the water surface can be muted so that it is 

able to display the appearance of the actual water depth 

according to normal reflectance. At this stage, the sun 

glint correction is implemented to the two bands used. 

Figure 2 is a sun glint corrected image. 

Figure 2 reveals the true color composite of the 

sentinel satellite image transformed by sunglint. The 

digital number of sentinel imagery that result of sun glint 

is at a high value of 4935 and low 0. From the 

appearance of the image, the results of sunglint 

correction, the sun's glare bias are not visible to the sun. 

The comparison of the appearance of the image before 

sun glint correction and after the correction, which result 

of sun glint is very clear the difference in the appearance 

of the water surface.  The image corrected by the sunglint 

which is free from light reflection by the water surface is 

suitable for the process of estimating the depth of the 

water because the quality of bias results of recording of 

objects by satellite has been eliminated in this process.  

In this stage before using sentinel imagery, the most 

important thing to look at is the clean appearance of the 

object (not covered by clouds), for consideration of the 

situation when recording objects after or before the rain 

is not really explained in the principle of the sun glint 

method because sun glint only tries to eliminate 

reflection bias sunlight by water objects. 

The next stage is an analysis of empirical bathymetry 

which is the image that is processed output of sun glint 

correction. Then the important thing in the process is the 

transformation empirical bathymetry method which is the 

use of field data as a reference for transformation in 

analyzing image pixels. In this research, we used data 

from field surveys using echo-sounder data obtained 

from the Sumatra River Basin Institute (BWS V) 

therefore researchers did not have to re-measure to take 

primary data. The field survey data we use for the total 

sample is 1.220 points. This sample point will be a 

reference in the ratio transform algorithm analysis 

because in the extraction of sentinel image pixels into 

water depths, this algorithm must have reference sample 

data that is a reference for calculating the estimated water 

depth. To measuring water depth using the Empirical 

Bathymetry Method algorithm, several researchers also 

tried to carry out experiments but they did not use field 

primary data but used water depth points obtained from 

bathymetry maps, digital elevation mode DEM with 

coarser resolution as a reference point for water depth. 

Figure 3 is the result of empirical bathymetry and 

interpolation survey data. The original result of empirical 

bathymetry it presenting depth. To facilitate 

interpretation of the depth of the waters, which is depth 

grouping is carried out in the form of interval classes. 

From Fig. 3, the researcher gives a symbol of dark blue 

to bright blue, where the dark blue color indicates that the 

location is deep water, while bright blue is shallow water.  

In this study, we also present the results of interpolation 

of waters using it to compare the waters from the survey 

data and the results of the transformation of satellite 

images. These two images show the comparison of the 

depth of the waters measured in the field with the results 

of the digital image transformation. The map information 

is not very informative so it is necessary to classify the 

depth of the waters on an interval scale.  

Figure 3 is a map image of the results for the depth 

waters. From this figure, it can be seen that there is a 

difference in the depth of the waters between the 

interpolation of field measurements and the results of 

bathymetric analysis using the image algorithm. This 

figure compares contras difference on object shallow 

water at a depth of 0 - 37 meters, wherein the result of 

the survey the area around of the edge of the lake shows 

a faded color which is the appearance of shallow water. 

However the results of analysis image sentinel 2A, it can 

be seen that the shallow water area of 0 – 37 meters is 

only clearly scattered on the left and right of the lake. In 

the deepwater interpolation model from 91 - 107 meters, 

it is centered on the spot in the middle of the lake caldera, 

while in the 2A sentinel analysis model the deep waters 

of the lake Maninjau are more spread out in the caldera 

part of the lake. 

Figure 2. Comparison of images before and after sun glint correction 
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The difference between the results of field 

measurements and the results of sentinel image analysis 

is due to the process of data collection. satellites record 

objects based on the response of light reflected by objects 

that reflect the depth of the water, this shows the depth of 

the water, and this sentinel analysis model is very 

dependent on field data. This sentinel satellite is not a 

satellite with active sensors such as LAS LiDAR, the 

extraction of this water depth can be done without using 

field data, but it must have water depth information in a 

location, for example from DEM digital elevation mode 

data, it is necessary to pay attention to the difference in 

data that is a reference for calculations in This empirical 

bathymetry algorithm will affect the quality of the 

results. 

From Fig. 3 The results of this study for the 

distribution of water depths using Sentinel have 

differences in the location of deep waters with the results 

of the Eco sounder measurement. This difference does 

not only occur in variations in the distribution of deep 

waters. This difference has been widely discussed by 

previous researchers because sentinels are very effective 

for mapping shallow water depths. The limitation of this 

sentinel is because the sentinel is a passive sensor 

satellite that only records object information from the 

reflection of the object with the help of sunlight, the 

sentinel does not have the technology to emit its own 

waves, so this limitation makes a difference in the bias of 

the analysis results. 

The process of analyzing the relationship between 

survey data and the results of the empirical 

transformation of the bathymetry is important because 

the results of the literature study state that this algorithm 

is very efficient for measuring water depths up to a depth 

of 25 m, whereas from the transformation model carried 

out, the researchers succeeded in finding the maximum 

depth waters of the Lake Maninjau at 107 m. 

 
Figure 4. Relationship field data and result of empirical bathymetry 

Figure 3. Bathymetry of Lake Maninjau 
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The process of analyzing the relationship between 

these two data is by making the field data from the eco-

sounder measurement as the x variable and the result of 

the transformation of the empirical bathymetry as the y 

variable (Fig. 4). Researchers take the same pixel 

information as the coordinates of the field measurements. 

From the analysis of the relationship between the two 

data, the researcher managed to find the regression 

coefficient value with a value of 0.7468. Based on the 

research,  it was found the depth waters of Lake 

Maninjau by going through several stages of data 

analysis. The use of NDWI transformations is proven to 

be very efficient in delineating the watershed area 

because this transformation is very sensitive in 

discriminating against non-water objects. The results of 

this study are very relevant to the NDWI transformation 

concept described by Xu [17] which the use of green and 

swirling waves in NDWI transformation is able to 

separate water and non-water objects. Furthermore, the 

results of this study also reveal the comparison on image 

information which appearance of the object from the 

image recording result of sun glint correction and the 

original image. It was found that sun glint correction was 

able to eliminate the bias of light on the water. 

Information on water imagery as research objects looks 

more normal on the true color image. Based on the 

statement of Hedley [18] the application of sun glint 

correction is very effective in removing the glint of 

sunlight on the surface of the exposure in the recorded 

image. So the findings in the results of this study are very 

relevant to the statements made by previous researchers 

regarding the use of the sun glint correction method in 

reducing light bias on the water surface. 

The depth of the waters was successfully mapped in 

this case where the maximum depth was obtained in the 

range of 107 m, the depth of this circulation was from the 

extraction of data bands 2 and 3 which was further 

analyzed with field data, the depth distribution of this 

circulation has two main spots scattered in the northern 

region. and south. Stumpf [19] who have proposed an 

empirical transformation model of bathymetry in their 

journals has also succeeded in discriminating water depth 

objects. So the results of this study are proven to have 

successfully implemented the same algorithm at locations 

with different geographical characteristics. 

The linear regression test has succeeded in proving 

the performance between the field data and the results of 

the transformation of the empirical bathymetry method 

with the regression coefficient value obtained that is 

0.769. This proves that the two variables have a strong 

relationship. Nevertheless, a linear regression curve also 

represents the extent of the relationship between the two 

variables where the variable x and variable y are not too 

far away, so we can understand that the empirical 

transformation of this method can be implemented in the 

region of the broadcast with different geographical 

characteristics. Field measurement data and water objects 

that are mapped are in clear conditions, meaning that the 

water area does not have a solid sediment suspension 

which causes errors in the water depth mapping. 

 

 

4.  Conclusion 

In the process of mapping bathymetry, the empirical 

bathymetry algorithm method was used. Results of the 

shallow waters are at intervals of 0 to 8 meters, moderate 

waters are 77 to 92 meters, deep waters are 93 to 96 

meters and very deep waters are 97 to 107 meters were 

taken. The linear regression test relationship has 

succeeded in proving the performance between field data 

and the results of the transformation of the empirical 

bathymetry method with the regression coefficient value 

obtained is 0.769 where the relationship is very strong 

this indicates the consideration of total and distribution of 

survey sample is influence on the quality of the results of 

the transformation. 
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