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  Abstract 
Tides observation conducted for these purposes such as real-time depth of 

water, determination mean sea level and other tidal datums to establish a system 
of tidal benchmarks and data for production of tide and tidal current predictions. 
Center for Marine and Coastal Mapping – Geospatial Information System used 
water level and tides data mainly to correct the water depth measurement to chart 
datum. This study uses sea level observation data conducted from 20th February 
2018 until 4th April 2018 at Marina Batavia, Jakarta. This study found that tidal 
types at this location is mixed diurnal using formzahl number. Astronomical and 
shallow water possible constituent were derived from the harmonic analysis. 
Fourier analysis gives clearly visual interpretation in frequency perspective. Several 
constituents inseparable because of short duration records. 
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1. Introduction 

Tides are the periodic motion of seawater caused 
by the combined gravitational effects of the moon and 
the sun as they change position relative to the rotating 
earth. Tide is the superposition of hundreds of tidal 
constituents, each having a frequency that is the sum 
and difference of five fundamental frequencies. Tides 
observation are important for navigation; they 
influence accurate geodetic measurements; and they 
change the orbits and rotation of planets, moons, and 
stars in galaxies (Stewart, 2008). 

Tides data derived from water level measurement. 
Water level measurements conducted for these 
purposes such as real-time depth of water available in 
harbors, estuaries, and lakes; determination mean 
sea level and other tidal datums to establish a system 
of tidal benchmarks; representation of the shoreline; 
sea level rise; and data for production of tide and tidal 
current predictions (NOAA, 2001; Talke et al., 2018; 
Trageser, 1995). One of existing technology to 
measure sea level is pressure system 
(Intergovernmental Oceanographic Commission, 
2006). Tidal records from this system in few months 
duration can be used to predict tides many years into 
the future (Stewart, 2008). 

Doodson (as cited in Flinchem & Jay, 2000) 
identified 400 tidal constituents in the gravitational 
potential with magnitudes >10-4 relative to the largest 
factor, including periods as long as 19 years. Tides 
have 146 components usually referred as harmonic 
constituent. These constituent derived into two type: 
45 astronomical and 101 shallow water constituents 
(Pawlowicz et al., 2002). Usually only 6-12 
astronomical constituents used to determine the tidal 
type and used in tides prediction because they have 
the largest amplitude. The model that has been 
derived for the Equilibrium Tide provide the 
knowledge that the tide is composed of a finite number 
of constituents of calculable frequency. It also 
provides a measure of their relative amplitudes so that 
we have an idea which constituents are important in 
the real tide (Intergovernmental Oceanographic 
Commission, 2006). 

Tidal analysis and tidal prediction are next step 
after retrieving tides data. These steps can be looked 
in the time domain and frequency domain. Tidal 
analysis used to find amplitude  

Jakarta as capital city of Indonesia located on the 
north coast of the island of Java in the Indonesian 
archipelago. Jakarta is prone from coastal tidal flood. 
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Several areas along the coast of Jakarta already have 
experienced tidal flooding during high tide periods 
(Abidin et al., 2012). (Takagi et al., 2016) demonstrate 
tidal flooding could potentially reach several 
kilometers inland in Jakarta Based on this simulation, 
tide measurement is very important to give sea level 
data that can help government manage coastal flood 
risk and flood mitigation system. 

The purposes at this study are : (1) to find out the 
tidal datum from tides observation; (2) to determine 
tidal constituent from harmonic analysis and compare 
tidal prediction from astronomical, shallow-water, and 
all constituents; (3) to show dominant frequencies 
from tides observation based on Fourier analysis; (4) 
to determine the tidal type using formzahl number. 
 

2. Materials and Methods 

2.1. Field Survey 

Tides observation conducted from 20 February 
2018 until 4 April 2018 at Marina Batavia Sunda 
Kelapa Port, Jakarta (Figure 1). Tides observation 
used Valeport Tide Master to retrieve sea water level 
data. The sensor installed at the bottom of tide staff 
and tied using ties cable. Data interval was set for one 
minute logging interval with 30 seconds burst. Sea 
water level data will be used for tidal analysis.  

 
Figure 1. Tides observation station at Marina Batavia 
Sunda Kelapa Port, Jakarta (shown in red point) 
 

Water level data retrieved from Valeport Tide 
Master using R232 Communication to the computer. 
Data downloaded using TideMaster Express software. 
Logged data saved in text file format. This instrument 
always creates a new file each time interrupted and 
set into a run mode or turned on (Valeport Limited, 
2009). Every two days, tides data downloaded to the 
computer and give a blank data around 15 until 30 
minutes.  

This data gaps filled using interpolation and curve-
fitting techniques. We used Piecewise Cubic Hermite 
Interpolating Polynomial. This interpolation used to 
obtain smoother fit to a given set of n points while 
preserving data points curve (Can, 2013; Yang and 
Huiyan, 1996). This interpolation done in Matlab. All 
data derived through gap-filling procedures are 
marked. 
 
2.2. Harmonic Analysis 

Harmonic analysis is one of the methods to predict 
future tides (Stewart, 2008). This method 
decomposed tides signal into harmonic constituents. 

Before doing harmonic analysis, all possible tidal 
constituents were calculated based on Nyquist 
frequency. List all possible tidal constituents based on 
(Pawlowicz et al., 2002) using t_constituent. Nyquist 
frequency is defined as twice the highest frequency 
that exists within time-varying, periodic signal. 
Determination of Nyquist frequency or Nyquist 
criterion use this equation (Gilat and Subramaniam, 
2013) : 

𝑓𝑛𝑦𝑞𝑢𝑖𝑠𝑡 =
1

2𝑓𝑠𝑎𝑚𝑝𝑙𝑒
 

The basis for the Nyquist frequency is a practical 
guideline for exact reconstruction of a signal by 
sampling. The signal can be reconstructed without 
distortion, from samples, provided that the sampling 
frequency must larger than Nyquist frequency (Gilat 
and Subramaniam, 2013). Nyquist frequency used to 
determine the lowest tidal constituent period based on 
sampling period/frequency.  

Before harmonic analysis is conducted, 
determination of period (tf) every possible tidal 
constituent from its frequency (f) was done using this 
equation : 

𝑡𝑓 =
1

𝑓
 

If tf less than observation sampling period (tobs), 
tidal constituents frequency (f) was compared with the 
observation data sampling rate (fobs) to check whether 
or not a tidal frequency is aliased. Aliasing occurs 
when the time step is allowed to exceed a certain limit. 
If tobs is less than 2 (two) tf or usually called as Nyquist 
frequency, tidal constituent has an original frequency. 
If aliased, then the corresponding aliasing frequency 
(fa) calculated using this governing equation (Fu and 
Cazenave, 2001) :  

𝑓𝑎 =
|𝑓 × 𝑡𝑜𝑏𝑠 − (𝑓 × 𝑡𝑜𝑏𝑠) + 0.5|

𝑡𝑜𝑏𝑠
 

Nodal correction in amplitude and phase accounts 
for slow modulations of the tidal forcing over the nodal 
period of 18.61 years. Nodal correction needed to 
truncate harmonic constituent. This procedure allows 
the Doodson series to be reduced from about 400 
constituents to only a few tens (Fu and Cazenave, 
2001). Nodal correction perform using calculation by 
Pawlowicz et al., (2002). 

The harmonic analysis method of least squares is 
set up with harmonic constituents (m) to predict tide 
height (h) at any time (t) relative to mean water level 

(h0) in the series by its amplitude (A) and phase () 
(Boon, 2011) :  

ℎ𝑡 = ℎ0 + ∑ 𝐴𝑗
𝑚
𝑗=1 cos(𝜔𝑗𝑡 − 𝜑𝑗) 

Harmonic analysis will give result in amplitude and 
phase for each tidal constituents. Amplitude of main 
luni-solar diurnal constituent (K1), main lunar diurnal 
constituent (O1), main lunar constituent (M2), and 
main solar constituent (S2) used to determine tidal 
type. 

 
 
 
 
 

(2) 

(3) 

(4) 
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2.3. Error Estimation 

Differences between observed water level (h) and 
predicted tide (ht) from all data (n) was determined 
using root mean square error (RMSE). RMSE used as 
a standard statictical metric to measure model 
performance or prediction in this study and to see 
error distribution. Root mean square error (RMSE) 
can be stated using this equation (Chai and Draxler, 
2014) :  

𝑅𝑀𝑆𝐸 = √
1

𝑛 − 1
∑(ℎ − ℎ𝑡)

2

𝑛

𝑖=1

 

 
2.4. Fourier Analysis 

A Fast Fourier transform (FFT) is an algorithm that 
samples signals in time domain and divides it 
accordingly to its frequency components. The aim of 
most spectral methods is to analyze the energy 
spectrum of a signal after transformation from the time 
domain to the frequency domain (Boon, 2011). With 
Fourier analysis, we could make it possible to find all 
the main tidal frequencies and the difference between 
the original and the processed data. Fourier transform 
can be expressed as (James, 2002) : 

 
 

2.5. Tidal Datum and Tidal Types 

The principal tidal datums used in this study 
include Highest High Water Level (HHWL), Lowest 
Low Water Level (LLWL), and Mean Sea Level (MSL). 
MSL defined as the average of all high and low water 
levels. Tidal range defines as differences between 
Highest Water Level and Lowest Water Level (Boon, 
2011). 

Tidal type can be determined using the formzahl 
number. Formzahl number (F) is a convenient way to 
define the tidal type. It is computed as the sum of the 
main two diurnal amplitudes divided by the sum of the 
main two semidiurnal amplitudes using the formula 
below (Boon, 2011) :  

𝐹 =
𝐴𝐾1 + 𝐴𝑂1
𝐴𝑀2 + 𝐴𝑆2

 

where: 
F = Formzahl number  
A = amplitude 
K1 = Main luni-solar diurnal constituent  
O1 = Principle lunar diurnal constituent 

M2 = Principal lunar constituent 
S2 = Principal solar 
 
When the formzahl number is less than 0.25, the 

tidal type is semidiurnal tides. Between 0.25 and 1.5, 
tidal type is mixed semidiurnal. Tidal type is mixed 
diurnal when formzahl number between 1.5 and 3.0. 
Above 3.0, the tidal type is fully diurnal. 

 

3. RESULTS 

3.1. Tides Observation 

Tides observation at Marina Batavia shown in 
Figure 2. In this location, MSL was 134.2591 cm, 
HHWL was 190.3 cm, and LLWL was 88.5 cm. Tidal 
range was 101.8 cm. Total blank data periods were 16 
hours 22 minutes. Blank data periods were smaller 
than observation time (42 days 15 hours and 59 
minutes). Observation data shown in green and gap 
fill shown in red. From this observation, K1 amplitude 
was 18.91 cm, O1 amplitude was 12,55 cm, M2 
amplitude was 6.70 cm, and S2 amplitude was 5.95 
cm. Using tides formzahl number it was found that this 
location had mixed diurnal type (F= 2.49).  

 
3.2. Harmonic Analysis 

Based on observation data, 42 astronomical and 
101 shallow water possible constituents can be 
derived using the Nyquist rule. All possible 
astronomical constituents derived for harmonic 
analysis shown in Figure 2.  Table 1, From this 
analysis we can get the shortest astronomical tidal 
consituent frequency every 31.81 cycle per day 
(MSM) and the longest astronomical tidal constituent 
frequency every 0.35 cycle per day (M3) All possible 
shallow water constituents shown in Table 3. Shallow 
water constituents vary from 0.09 cycle per day to 0.94 
cycle per day. SSA and SA constituent couldn’t 
derived because observation time was 42 days. We 
need 2193.43 hours or 91.31 days to derive SSA and 
4381.088 hours or 182.55 days to derive SA (Safi’I 
and Rudiastuti, 2019).  

All possible tidal constituents used in harmonic 
analysis method of least squares to reconstruct tide 
height. Tidal analysis using astronomical constituents 
(Figure 3), shallow water constituents (Figure 4), and 
all constituents (Figure 5) give different approximation 
from observation data. Tidal analysis using 
astronomical constituents give RMSE = 5.2 cm, 
shallow water constituents give RMSE = 16 cm, and 
all constituents (combining astronomical and shallow 
water constituents) give RMSE = 4.2 cm. 

 

(5) 

 

(6) 

(7) 
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Figure 2. Tide height observation in Marina Batavia Station, Jakarta. Observation data shown in green point and 

red point indicate gap filled data using interpolation 
Table 1. List of possible astronomical tidal constituents according to nyquist rule (CONS = name of constituent; f = 
frequency in cycle/day) 

CONSTITUENT FREQUENCY CONSTITUENT FREQUENCY CONSTITUENT FREQUENCY 

MSM 31.81 PI1 1.01 N2 0.53 

MM 27.55 K1 1 NU2 0.53 

MSF 14.77 P1 1 GAM2 0.52 

MF 13.66 S1 1 H1 0.52 

ALP1 1.21 PHI1 0.99 H2 0.52 

2Q1 1.17 PSI1 0.99 M2 0.52 

SIG1 1.16 THE1 0.97 L2 0.51 

Q1 1.12 J1 0.96 LDA2 0.51 

RHO1 1.11 OO1 0.93 K2 0.5 

O1 1.08 UPS1 0.9 R2 0.5 

TAU1 1.07 EPS2 0.55 S2 0.5 

BET1 1.04 OQ2 0.55 T2 0.5 

CHI1 1.03 2N2 0.54 ETA2 0.49 

NO1 1.03 MU2 0.54 M3 0.35 

 
Table 2. List of possible shallow water tidal constituents according to nyquist rule (CONS = name of constituent; f 
= frequency in cycle/day) 

CONSTITUENT FREQUENCY CONSTITUENT FREQUENCY CONSTITUENT FREQUENCY 

2PO1 0.94 N4 0.26 ST41 0.17 

SO1 0.93 SN4 0.26 ST42 0.17 

ST36 0.57 ST10 0.26 3MK7 0.15 

2NS2 0.56 ST39 0.26 M7 0.15 

ST1 0.56 ST40 0.26 ST14 0.15 

ST37 0.56 ST9 0.26 ST15 0.15 

ST2 0.55 MK4 0.25 ST16 0.15 

O2 0.54 MS4 0.25 ST17 0.15 

ST3 0.54 S4 0.25 3MK8 0.13 

SNK2 0.53 SK4 0.25 3MN8 0.13 

MKS2 0.52 SL4 0.25 3MS8 0.13 

OP2 0.52 2MK5 0.21 M8 0.13 

ST4 0.52 2MO5 0.21 ST18 0.13 

ST5 0.51 2MP5 0.21 ST19 0.13 

ST6 0.51 3MP5 0.21 ST20 0.13 

2SK2 0.5 MNK5 0.21 ST21 0.13 

MSN2 0.49 MNO5 0.21 ST22 0.13 

ST7 0.49 2SK5 0.2 ST23 0.13 

2SM2 0.48 3KM5 0.2 ST24 0.13 

2SN2 0.48 MSK5 0.2 ST25 0.12 

SKM2 0.48 ST11 0.18 ST26 0.12 
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ST38 0.48 2MK6 0.17 4MK9 0.11 

MO3 0.35 2MN6 0.17 ST27 0.11 

NO3 0.35 2MS6 0.17 M10 0.1 

MK3 0.34 2NM6 0.17 ST28 0.1 

NK3 0.34 2SM6 0.17 ST29 0.1 

SO3 0.34 M6 0.17 ST30 0.1 

SK3 0.33 MKN6 0.17 ST31 0.1 

SP3 0.33 MSK6 0.17 ST32 0.1 

ST8 0.27 MSN6 0.17 M12 0.09 

3MS4 0.26 NSK6 0.17 ST33 0.09 

KN4 0.26 S6 0.17 ST34 0.09 

M4 0.26 ST12 0.17 ST35 0.09 

MN4 0.26 ST13 0.17   

 

 

Figure 3. Tidal analysis using astronomical constituents and comparison with observation data 
 

 
Figure 4. Tidal analysis using shallow-water constituents and comparison with observation data 
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Figure 5. Tidal analysis using all constituents and comparison with observation data 

 
 

3.3. Fourier Analysis 

Figure 6 shows the result of the fourier 
transformation of tides observation data. From this 
figure, we can see that low frequency gives big effect 
(frequency < 3 cycles per days). The most influent 
tidal frequency is the K1 constituent (f=1.0027 cycle 
per day, amplitude = 13.16 cm) followed by O1 
constituent (f=0.92954 cycle per day, amplitude = 
12,66 cm). Attaching diurnal constituents (Q1, O1, K1, 
J1, OO1), semidiurnal constituents (N2, M2, L2, S2, 
K2), and shallow water constituents (M4, M6, MK3, 
S4, S6, SP3, M3, M8, MS4) to fourier transformation 
give better interpretation (Figure 7). From this 
observation, it shown that shallow water constituents 
give a small effect in tide height compared to diurnal 
and semidiurnal constituents based on amplitude 
value. Figure 8 shown the diurnal constituents and its 
amplitude. Figure 9 shown the amplitude of 
semidiurnal constituents.  

 
Figure 6. Fast Fourier Transform (FFT) from 

observation data at Marina Batavia 
 

 
Figure 7. 20 constituents (M4, M6, MK3, S4, S6, SP3, 
M3, M8, MS4, M2, S2, N2, K2, L2, 2N2, K1, O1, J1, 
OO1, and Q1) identified from tides observation 

 

 
Figure 8. Diurnal constituents identified from tides 

observation 
 

 

 
Figure 9. Semidiurnal constituents identified from 

tides observation 
 

4. DISCUSSION 

Tidal type in Jakarta Bay based on observation is 
similar with (Wyrtki, 1961). Different tidal type occur in 
this location based on several research. Christon, 
Djunaedi, and Purba (2012) observed tidal type in this 
location was diurnal. Haryono and Narni (2004) states 
tidal type was mixed semidiurnal. Indriani, Kurniawati, 
and Hendri (2010) showed that tidal type in Jakarta 
was diurnal. It was assumed that different formzahl 
number occur because observation time is different 
and duration of observation is too short. 

Based on harmonic analysis, the combination 
between astronomical and shallow constituents give 
more accurate approximation than others. Boon 
(2011) states that adding additional tidal constituents 
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increase the final accuracy of a given day's 
predictions. However, adding right constituents with 
wrong amplitude and/or phase will add disinformation 
to the prediction. Much of the remaining percentage is 
due to non-tidal variations caused by weather - winds 
and changes in atmospheric pressure. Tidal analysis 
using shallow-water constituents give high RMSE 
because combined sum from these shallow water 
constituents wave signal gives small amplitude based 
on Figure 7 compared to observation data. Tidal 
analysis using shallow water constituents only gives a 
poor result although our tides observation location is 
at the harbour.  

Based on Figure 3 and Figure 4, Tidal height from 
harmonic analysis have a different value significantly 
in neap and spring tide compared to observation data. 
This value difference can be reduced by adding more 
record length. A record of one or more years allows a 
considerable number of tidal constituents to be 
determined accurately (Boon, 2011). Emery and 
Aubrey (1991) said that improvements in prediction 
accuracy can be done by 1) analysis of longer 
recordings to eliminate effects of "noise" caused by 
local weather, (2) addition of further harmonic 
components to account for effects of local seiches, or 
reflections of long-period waves caused by local 
topography, and (3) additional harmonic constituents 
for longer-term changes of Earth-Moon-Sun geometry 
or more complex tidal interactions. 

The tidal frequencies used in harmonic analysis 
were not fit perfectly with the frequencies in fourier 
analysis. This occur because fourier analysis tidal 
frequency derived from duration observation using Eq 
2 and harmonic analysis tidal frequency defined from 
t_constituent in Pawlowicz et al., (2002). Tidal 
frequency in fourier analysis was depended on the 
length of data record. This difference between tidal 
frequencies in fourier analysis and harmonic analysis 
occur because observation time length were not 
exactly same with tidal constituents period (Thomson 
and Emery, 2014). Tidal analysis using fourier 
analysis can show that it is possible to find all the main 
tidal frequencies (Holinde et al., 2015) and shows the 
spectral amplitude of the tide waves (Manzano-
Agugliaro et al., 2011).  

 

5. CONCLUSION 

This study shown that the Mean Tide Level was 
134.2591 cm, Highest High Water Level was 190.3 
cm, and Lowest Low Water Level was 88.5 cm. Tidal 
analysis using Harmonic analysis and Fourier analysis 
provide a general evaluation of the harmonic 
components and their amplitude. 42 astronomical and 
101 shallow water possible constituents can be 
derived from harmonic analysis. Tides height 
reproduction from harmonic analysis gives the best 
error of 4.2 cm using combination astronomical and 
shallow water constituents. Harmonic analysis using 
astronomical constituents gives RMSE of 5.2 cm and 
using shallow water constituents only give RMSE of 
16 cm. Based on Fourier analysis, tidal frequencies 
occur in our tides observation data. The most influent 
tidal frequency is the K1 and followed by O1 
constituent. Tidal type at Jakarta Bay is mixed diurnal 
type. 
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