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Abstract - Indonesian coast has its big potential to be used 

as a center of human activity. The growing utilization of 

coastal areas is accompanied by the increase of coastal 

issues, such as the reverse of coastline caused by erosion, 

where erosion itself is due to wave and thus has its 

consequences to the settlement and tourism region along the 
coast. Some human activities in a coastal area, such as 

harbor, navigation, tourism, and some other things, must be 

managed purposefully to keep to coastal profile 

uninterrupted. Bulo coast, located in the Rerer village 

Minahasa regency, is potential beach tourism. Currently, the 

Bulo coast has degradation in its coastal profile as a 

process of wave runoff. Periodically tidal are the factor 

affecting the coastal area; therefore, the analysis must be 

carried out rigorously to obtain the correct sea level prior to 

overseeing activity in the coastal area. Facing the fact that 

every coastal area has its own tidal condition, this research 

aims to determine the tidal type and water level at the Bulo 
coast by using the Admiralty method. The tidal data is 

collected from direct measurement in the location for 15 

days in a row. The analysis gives a result that the Bulo coast 

has a mixed tide prevailing semidiurnal type with the highest 

high water level (HHWL) of 145 cm (+70.4 cm from MSL), 

and the lowest low water level (LLWL) is 3 cm (-71.6 cm 

from MSL). 
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I. INTRODUCTION 
Sea wave is a predominant parameter to the rate of the 

reverse of the coastline. It happens because of the 

windblown on the sea surface, the differences in sea 

temperatures, the differences in salt content, and the eruption 

of a volcano on/underneath the sea. The reverse of the coast 
line from its initial position is caused by wave, current, and 

the unbalanced between inflow sediment and outflow 

sediment. The coastal area of Bulo, located in Rerer village 

of Kombi district, is one of the tourism places in the 

Minahasa regency. A high wave occurs at certain months on 

the Bulo coast, resulting from the loss of income of the local 

resident as the condition is getting worse when high tides, 

the knowledge of the type of tidal is a necessity.  

The phenomenon of up and down of seawater 

periodically is caused by the pull force of astronomical 
objects, mainly such as sun, earth, and moon. The effect of 

astronomical objects other than the main three is neglected 

since they have smaller sizes and are long-distance. Sun has 

a mass of twenty-seven million times larger than the moon’s 

but its distance is far from earth (149.6 million km) 

compared to the moon, which is only 381.16 km from earth. 

In the theory of the multiverse, distance dictates rather than 

mass. Therefore, the moon plays a role in defining the tidal 

since its pull force is 2.25 times larger than the sun. In civil 

engineering, designing construction in the coastal area 

requires tidal information. This is the purpose of research, 
where obtaining tidal type in Bulo coast will provide good 

information to the design process. The analysis will use the 

Admiralty method. The Admiralty method can analyze short 

data of tidal acquired in 15 days in a row and provide some 

constants to be used in further analysis, especially to 

determine the type of tidal as well as the elevation of sea 

level. 

II. AREA OF RESEARCH 
The research is located on the Bulo coast at Rerer village 

of Kombi district, in Minahasa regency, Indonesia. The 

geographical position is 1°16' 12.4674" of North Latitude 

and 125°3' 34.6674" of East Longitude. The aim of the 

research is to obtain the type of tidal in the Bulo coast and 

the sea level at the highest high water level (HHWL) and at 

the lowest low water level (LLWL). 

III. RESEARCH METHODOLOGY 

The research will be carried out with the following 

procedure: 

A. Primary Data Collection 
Primary data is collected by direct measurement of high and 

low tides on the Bulo coast. The first step is setting up an 

observation point on an erected post. The coordinates of the 

post are 1º15’ of North Latitude and 125º3’ of East 

http://www.internationaljournalssrg.org/IJCE/paper-details?Id=488
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Longitude. By using water pass, the details of the observation 

point are: 

- The designated angle between water pass (0o as initial 
position) and North direction  = 111o 

- Upper horizontal axis = 355 cm 

- Middle horizontal = 335 cm 

- Lower horizontal axis = 315 cm 

- Height of water pass (measure from the ground) = 41 

cm 

- The horizontal distance between the erected post and 

ruler = 46 m 

Based on the details of the observation point, the high and 

low tides are measured for 15 days in a row. 

 

B. Data Analysis 

In the data analysis, the Admiralty method is used to 

produce the components of tidal. The type of tidal is then 

determined using the Formzahl number (F). 

IV. RESULT AND DISCUSSION 

The result of high and low tides measurement during 15 

days in a row is shown in Table I. Table II contains the 

multiplier constants for arranging the second scheme of the 
Admiralty method. The solution of the second scheme is 

through columns 6 to 8 of Table III. The formulation is 

written in Table III. Repeat the calculation in Table III for 

another day of observation until all day of observation is 

fulfilled. Column 4 of Table IV contains the result of X1 

from all days of observation (summation of column 6 of 

Table III of each date of observation). For control, the 

summation of column 5 and column 6 for X1 will give the 

same number as in other columns of X and Y, except for X4. 

TABLE I 
Observation Result of Tidal at Bulo Coast: March 17, 2021 – March 31, 2021 

 

 

 

00:00 01.00 02:00 03:00 04.00 05:00 06:00 07:00 08:00 09:00 10:00 11:00

1 03/17/21 100 120 125 135 140 130 120 75 40 12 3 3

2 03/18/21 95 110 130 140 140 145 145 145 130 120 80 45

3 03/19/21 90 90 110 120 135 140 145 145 135 120 75 50

4 03/20/21 80 82 88 93 96 100 125 140 145 135 105 65

5 03/21/21 95 97 100 100 105 110 110 110 120 120 105 75

6 03/22/21 100 80 75 70 68 65 60 70 90 105 100 90

7 03/23/21 115 117 120 122 125 125 100 80 80 85 85 85

8 03/24/21 75 80 80 75 75 72 75 80 80 85 90 90

9 03/25/21 75 85 95 80 80 70 65 55 45 50 55 65

10 03/26/21 95 85 85 87 73 62 60 55 45 30 35 40

11 03/27/21 90 90 80 75 60 56 33 35 28 30 30 35

12 03/28/21 100 96 97 82 73 68 52 46 40 35 15 5

13 03/29/21 136 140 142 140 120 100 82 73 64 36 15 5

14 03/30/21 130 135 138 140 142 140 140 130 100 68 35 20

15 03/31/21 120 136 140 140 142 145 145 140 130 100 76 43

Bacaan Skala Pada Jam

TanggalNO
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TABLE II 

Multiplier Constants for arranging of the Second Scheme of Admiralty Method 

 

 

 

TABLE III 

Definition of X1 based on measurement at March 17, 2021 
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TABLE IV 

Arrangement of X1, Y1, X2, Y2, X4, and Y4 based on the Second Scheme of Admiralty Method 

 

 
 

TABLE V 

Arrangement of X and Y – The First Index of Third Scheme 

 

 

 

In Table V, column 4 (X0) is equal  X1 (column 4 + 

column 5, of Table IV). The calculation of column 5 of Table 

V is column 4 of Table IV – column 5 of Table IV. 
Whenever the result is negative, add B (=1000) to the result. 

For example: 408 (column 4, Table IV) – 1260 (column 5, 

Table IV) = -852. Thus for column 5 of Table V: -852 + B 

(=1000) = 148 (column 5 of Table V). Repeat the calculation 

for all days of observation. 

 

 

Column 7 of Table VII is as same as column 4 of Table 
V. In Table VIII, the calculation of X00 or the second index 

must be a positive number since it has positive multiplier 

constants. The daily result is summed and inserted into 

columns 3 and 4 of Table VIII. In Table X, the results in 

column 3 to column 10 are obtained by multiplying the 

number in column 2 with the corresponding multiplier 

constant in Table IX. In Table X, the results in column 3 to 

column 10 are obtained by multiplying the number in column 

2 with the corresponding multiplier constant in Table IX.
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TABLE VI 

Multiplier Constants for calculating X00, X10 and Y10 

 

 
 

TABLE VII 

Calculation of X00 
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TABLE VIII 

Arrangement of X and Y – The Second Index of Fourth Scheme 

 

 
 

TABLE IX 

Multiplier Numbers for 15 Diurnals 
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TABLE X 

Arrangement of X and Y from Tidal Constants of 15 Diurnals 

 

 
 

TABLE XI 
Calculation of w and (1+W) from Tidal Constants 

 

 



Jasin Muhammaf Ihsan et al./ IJCE, 8(11), 32-40, 2021 

 

39 

 
TABLE XII 

The Result of Seventh Scheme for Tidal Constants 

 

 
 

TABLE XIII 

 The Eighth Scheme of Admiralty Method 

 

 
 

The formulas for eighth scheme of Admiralty Method are: 

M2, O2, M4 : W = 0 

   w = 0 

S2  : f = 1 

   V = 0 
   u = 0 

N2, MS4 : f = f(M2) 

   u = u(M2) 

M4  : f = f(M2)2 

   V = 2*V(M2) 

   u = 2*u(M2) 

MS4  : V = V(M2) 

K2  : A = A(S2)*0.27 

   g = g(S2) 

P1  : A = A(K1)*0.33 

   g = g(K1) 

 
 

From the eighth scheme of the Admiralty Method, the type 

of tidal is then determined using the Formzahl Number (F). 

The result is: 

F =(K1+O1)/(M2+S2) 

 =(31.37+35.30)/(37.98+6.95) 
 =1.48 

The Formzahl Number (F) of 1.48 defines that the tidal in 

Bulo coast is mixed tide prevailing semidiurnal type, where 

F satisfied the criterion: 0.25 < F < 1.5. 

To determine the water elevation, following conditions are 

used: 

 MSL = A(S0) 

 HHWL = Highest High Water Level 

 LLWL = Lowest Low Water Level 

 MHWL = MSL + (Range/2) 

 MLWL = MSL – (Range/2) 

 Range = 2*(A(M2)+A(S2)) 
The result is shown on Table XIV. 
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TABLE XIV 

 The Water Elevation at Bulo Coast 

 

 
 

 

 
 

Fig 1: Tidal Graphic of Bulo Coast 

 

V. CONCLUSIONS 
Based on the tidal analysis at Bulo coast, the following 

are the conclusion: 

 The tidal type in Bulo coast is mixed tide prevailing 

semidiurnal type, with the Formzahl Number (F) is 1.48; 

 The analysis using Admiralty Method produces tidal 

constants: 

S0= 74.58 O1= 35.30 

M2= 37.98 M4= 7.38 

S2= 6.95 MS2= 1.5 

N2= 27.52 K2= 1.88 

K1= 31.37 P1= 10.35 

 The mean sea level (MSL) at Bulo coast is 74.58 cm; 

 The highest high water level (HHWL) at Bulo coast is 

145 cm (+70.4 cm from MSL); 

 The lowest low water level (LLWL) at the Bulo coast is 3 

cm (-71.6 cm from MSL). 
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