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Abstract 
Disastrous flood events in recent years include 2018 Japan floods (July 2018), 
Typhoon 19 (Hagibis, October 2019) and the following heavy rain event, and 
July 2020 heavy rain disaster. Such disastrous flood events are expected to 
occur more frequently as the climate change progresses, and it is indispensa-
ble to update information regarding water areas such as rivers, reservoirs, and 
coastal waters. This study demonstrates practical techniques to analyze un-
derwater topography. Longitude and latitude components of ellipsoidal data 
recorded by a GPS receiver are projected to a rectangular coordinate system, 
and results are combined with vertical components including data recorded 
by an echo sounder unit so that tracks on an underwater floor are obtained. A 
mapping on a finite dimensional space of continuous functions over a trian-
gular mesh is formulated, and its fixed point gives rise to an underwater floor 
that fits the tracks. Our techniques are illustrated with data obtained in mea-
surement conducted in a reservoir called Kojima Lake located in Okayama 
Prefecture, Japan.  
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1. Introduction 

The 2018 Japan floods caused severe damages including 119 fatalities, 29 
wounded, 213 totally destroyed houses, 340 partially destroyed houses, and 290 
damaged houses (Ministry of Land, Infrastructure, Transport and Tourism, 
2018). Damages due to the 2019 Typhoon 19 and related heavy rain falls include 
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104 people killed, 3 people missing, 43 people severely wounded, 341 people 
minorly wounded, 3308 houses totally destroyed, 30,024 houses partially de-
stroyed, and 12,510 minorly damaged (Cabinet Office, Government of Japan, 
2019). Damages due to the July-2020 heavy rain disaster include human damag-
es of 84 fatalities, 2 missing people, 1621 totally destroyed houses and 4504 par-
tially destroyed houses (Cabinet Office, Government of Japan, 2021). As the cli-
mate change progresses, disastrous heavy rain events may increase in frequency 
and scale, and the preventive maintenance of rivers, reservoirs, and coastal areas 
as well as measurement and analysis for underwater topography are necessary. 

This study focuses on techniques for measurement and analysis of underwater 
topography. The following sections illustrate techniques to generate a surface 
from a given set of data points. Those techniques were applied to positional data 
and depth data obtained in measurement conducted in a lake called Kojima 
Lake. Positional data obtained from a RTK-GPS (real time kinematic-global po-
sitioning system) in VRS (virtual reference station) mode. The Gauss-Krüger 
projection was applied to horizontal coordinates of the positional data, and re-
sultant data combined with depth data obtained from an echo sounder unit leads 
to a curve in an underwater topography was obtained. A piecewise linear func-
tion defined on a triangular mesh on the plane represents a surface that fits out-
puts from the measurement. The least square approximation on each element 
led to a mapping on the nodal values. A fixed point iteration of the mapping 
gave rise to a surface that fit the data. 

2. Use Output from Measurement 

Measurement was conducted in a reservoir called Kojima Lake, Okayama Pre-
fecture, Japan on December 26th, 2020 and January 27th, 2021. A GPS antenna 
was attached to the upper end of a pole fixed to a boat. An oscillator unit of echo 
sounder was attached to the lower end of the pole submerged underwater (Fig-
ure 1). As the boat navigated, positional data output from the GPS unit and 
depth data output from echo sounder unit were recorded. 
 

    
(a)                        (b) 

Figure 1. (a) GPS antenna attached to the upper end of pole fixed to a boat; (b) An oscil-
lator unit was attached to the lower end of the pole submerged underwater. The photo-
graphs were taken in the measurement conducted on January 27th, 2021. 
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The Gauss-Krüger projection was applied to horizontal coordinates of the po-
sitional data (Figure 2). The positional data were combined with depth data, and 
curves in the underwater topography were generated (Figure 3).  

3. Construction of Underwater Topography by Fixed Point  
Iteration 

Construction of underwater topography based on results from measurement in-
volves nested iterative processes, iteration of mesh division and iteration of nod-
al values. First, iteration of nodal value is described. Consider a triangular mesh 
consisting of m elements and n nodes. Given data points whose ,x y  compo-
nents are contained in the triangular mesh, our problem is to construct a surface 
that fits the data points. Consider a single element, which we call element k, with 
vertices ( )1 1,x y , ( )2 2,x y , and ( )3 3,x y . Suppose that the element k contains 
( ),x y  components of the l data, ( ) ( ) ( )1 1 1 2 2 2, , , , , , , , ,l l lx y z x y z x y z . Note that 
those data include ( ) ( )1 1 1 2 2 2, , , , ,x y z x y z  and ( )3 3 3, ,x y z  whose ,x y  com-
ponents are coordinates of the vertices. Consider the graph of a linear function 
z ax by c= + +  such that the values of coefficients a, b, and c are those that mi-
nimize the square sum 

( ) 2

1
 

l

j j j
j
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(a)                                      (b) 

Figure 2. GPS tracks (a) December 26th, 2020, (b) January 27th, 2021. 
 

  
(a)                                       (b) 

Figure 3. Curves on underwater topography. (a) December 26th, 2020, (b) January 27th, 
2021. 
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Once those coefficients are evaluated, new value of z1, z1 = ax1 + by1 + c. is set. 
With this new value of z1, the operation is repeated to update the value of z2, and 
then with those new values of z1 and z2, the operation is repeated to update the 
value of z3. After those operations are completed for the element k, the opera-
tions are repeated for the element k + 1. 

Let zk be the n dimensional vector whose components are nodal values z1
k, 

z2
k, ..., zm

k after kth iteration. The iteration is terminated when the residual error 
between two successive approximations reaches a prescribed value ε, that is, 

( )21 1

1
.

n
k k k

i i
i

z z ε− −

=

− = − <∑kz z  

In this study ε = 0.01. 
A triangular mesh, Mesh 0, that contains significant GPS tracks was set. A 

triangular mesh is constructed from an original mesh iteratively. Denote by 
Mesh l the triangular mesh obtained after l iterations. At each iteration, every 
element is divided into four elements. Figure 4 shows mesh 0 and mesh 5. Fig-
ure 5 shows the surface over mesh 5. The surface was obtained after 130 itera-
tions. 

Our techniques were reapplied to the data obtained in the measurement con-
ducted on December 26th, 2019 and January 6th, 2020 (Iwakami, et al., 2020). 
Figure 6 shows the difference between the result and the result shown in Figure 
5. 
 

    
(a)                                    (b) 

Figure 4. (a) Mesh 0 and (b) Mesh l. The RTK-GPS trajectories are also shown. 
 

    
(a)                                     (b) 

Figure 5. (a) Piecewise linear surface over Mesh 5 after 130 iterations. (b) Surface colored 
according to altitude. 
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Figure 6. Sedimentation over the period January 2020-December 2020. 

4. Discussion 

Our result shows the significant erosion in the region during the period January 
2020-December 2020. The total sedimentation in the region during the period is 
approximately 10,041 m3. On the other hand, the total area of the region is 
160,000.00 m2. So the average sedimentation in the region during the period is 
0.063 m. Our result shows that scheduled measurement leads to a reliable pre-
diction concerning sedimentation and erosion. 
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