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Abstract

The method of statistic used to estimate the estimation of sea water level is by nonparametric
regression approaching of Fourier series. The rob flood caused by sea level rise in Semarang becomes a
dissolved problem until today This results the need of modeling to predict and know how high sea level is.
The fourier series have fluctuative data pattern because of its periodic character. This makes Fourier series
as the appropriate approaching to modelize the sea tidal. Before modelizing the sea tidal with Fourier series
approaching, It is previously necessary to find the optimal K value . Based on the determination of optimal
K value, with GCV method, It is obtanied K equals 277. The result of average data of the Semarang sea
tidal with reggression nonparametic method showed that R? is 95% and MSE = 4,42. The lowest tidal
estimation resulted in Semarang is on March 2, 2016. Then the highest tidal estimation in Semarang City
occurred on August 31, 2016.

Keywords : Nonparametric Regression, Fourier Series, Tidal Sea

1. Introduction

The method of statistic plays an important role in estimating of sea level. One of methods used in
this writing is by regression nonparametic approaching. The regression nonparametic approaching is method
of estimating model based on approaching which is not tied to the assumption in the form of certain
regression curva. One of regression nonparametic approaching is using Fourier Series. The strength of
Fourier Series of regression nonparametic approaching is that it enables to solve the triginometrical
distribution data and fluctuiative data pattern, is dependent fluctuating variable value to various independent
value (Prahutama, 2013).

Researchs about regression nonparametic approaching of Fourier Series were done previously by
Semiati (2010) Developing the estimation model of regression nonparamatic approaching of biresponse Fourier
Series, while semiparametic regression using fourier series developed by Asrini (2012), research done by
Prahutama (2013) reviewing regression nonparametic model with fourier series in case of opened
unemployment level in east java, and research about the modeling of sea tidal in Semarang with local
polynominal regression nonparametric approaching by Utami and Nur (2015).

Tidal is sea level fluctuation as time function for the existance of celestial object tensile strenght,
especially sun and moon. Sea level rise that maintains increasing, is worried to threaten coastal areas so that
causing the financial and economic disadvantage. This will be certainly impacting on sea level. The occurance
of subsidence in Semarang also worsens the sea level rise. The subsidence happens because of consolidation and
excessively artetic taking (Sarbidi, 2002). This will cause flood in Semarang when the tide is high.

Rob flood occured in Semarang becomes a dissolved problem until today. This is caused the certain
number of sea level rise in Semarang is not obvious. Vulnerability research in coastal areas is demanded in order
to reduce the impacts and possible responses related to the change of ongoing phenomena. This results in the
need for modeling to predict and know how high the sea level is. The result of the modeling is expected to help
the concerning parties the strategical steps is needed to be done so that not suffering significant losses. Tidal
data shows the pattern of distribution periodic data or fluctuating. Therefore, the appropriate statistical method
for tidal modeling tide in Semarang is using the nonparametric regression approach of Fourier series.

1.1 Fourier Series Nonparametic Regression

The method of Fourier series nonparametic regression is the regression method used when the curva is
between dependent and independent variable, and Independent variable is not known for the form and pattern.
The common nonparametric regression model is as follows

¥ =flad+ g (1.1)
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with,
¥; = dependent variable
x; = independent variable
fx;) = regression function

Fourier Series is a trygonometric polynominal function that has flexibility level. This fourier series
estimator is generally used when the used data and explored data are not known and there is a seasonal pattern
tendency (Tripena and Budiantara, 2006). Fourier Series function in this research is as follows

1 < 2kt
File) = 5% +yE+ ZGR cu:us( o1 ]
=1 1.2)
with
ap. @ dan by s fourier coeficient (Asrini, 2012).
The level of estimator graduation of fourier series is determined by graduation parameter election. The
lower a estimator graduation of fourier series is, the more graduational the graduation parameter K and the

higher graduation parameter is, the more less-gradutional the estimation is from f. Therefore, it is needed to
elect The optimal K.

1.2 The Tidal Sea

Tidal is sea level fluctuation as time function for the existance of celestial object tensile strenght,
especially sun and moon to sea volume on the earth this tensile strenght is depending from the distance of
earth with celestrial objects and their volume. Tidal is the important factor of coastal geomorphology, In this
case, It is the neat changing of sea level along the coast and currents formed by tide. In addition, tidal
knowledge is important in the planning of coastal buildings, ports and vegetation.

Coastal area is a very dynamic and rich in biological and non-biological natural resources. But coastal
areas are more vulnerable to the phenomenon of global warming that causes sea level rise. Coastal areas are
areas that will be adversely affected by the global sea level rise phenomenon. Theoretically, sea level rise will
inundate some coastal areas, So that causing sea water to continue to land in the direction of land. Coastal areas
are a region that is weak or vulnerable by environmental factors such as climate variability, climate change and
rising sea levels. Annual sea water rise in Semarang reaches 9,27 mm. The problem of sea level rise is a
problem that is noticed after the occurrence of global warming (global warming). Rising global surface
temperatures caused the melting of the north and south poles of ice so there was a rise in sea level (Sea Level
Rise). It is estimated that from 1999-2100 upcoming sea level rise around 1,4-5,8 m (Dahuri, 2002).

2. Methods

2.1 Data Resources

The main data resourses used in this research is the secondary data served by BMKG. The taken data is
the daily data in a year (January 1, 2016 until December 31, 2016).

2.2 Research Variable
Table 2.1 Dependent Variable and Independent Variable

Variable Varlab_le Unit of Definiton of Counting
Information Measure

Counted from everyday rainfall in a year
Dependent Tidal Cm starting from January 1, 2016 until December
31, 2016 in Semarang

Counted from How many days are from

Independent Time Day January-December 2016, is 366 days
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2.3 Procedures (or research design)

Analysis steps in this research can be described in diagram as described in Flowchart 2.1 below:

Data

v

Determine the Optimal K with GCV method, After obtaining The optimal K then
estimated the model with regression nonparametric approaching of Fourier Series

A

Modelized the tidal in Semarang with Fourier Series regression
nonparametric

Flowchart 2.1 Analysis steps in this research

3. Results

3.1 Determine Optimal K
The first step is to determine the optimal K value The optimal K value is a positive integer. The
determination of the optimal K value is using GCV method then running the program of the determination of
optimal K value on Tidal in Semarang based on GCV method. The obtained result from the tested K is as
follows:
Table 3.1 The Value Using GCV Method to Every Optimal K

K GCV K GOV K GOV
T 15«10 | 137 132x10% | 267 107 %100
17 245%10% | 147 102x10% | 277 T67x 10
7 000x107E | 157 0441071 | 287 602x 10
37 531x10°% | 167 790x 1070 | 207 568 10%
47 206%107% | 177 684x 10 | 307 440x 10%
ST 136x10°% | 187 595x10%0 | 317 304x 10%
61  079x10° | 107  449x10%0 | 327 2.54x 10%
IR0 | 207 3e6x 1070 | 337 157k 10%
87 550107 | 217 327x10° | 347 §66x 10
07 3x10% | 227 276x 107 | 357 389100 |
107 251x10°8 | 237 244x10% | 367 395k 10
17 205107 | 47 139x 1%
127 LE7Tx10°% | 257 122x 10

Table 3.1 shows that the Optimal K on the average data of Tidal in Semarang is on K=367 because of
the lowest GCV value. By getting K = 367 as the optimal K, so it is known how many parameter must be
estimated by 369 parameter. This is obtained based on equationl.2 that is by knowing the amount of the
estimated parameter. Therefore, it is known the resulted model to be fulfilled and seen from R? for K=1 to
K=367.
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Table 3.2 R?and MSE to Every Optimal K

[ | R2 | MSE
277 0.95 (9520) 4.2
287 O.95 (D5%a) ERE-1-
zo7 0.96 (96%0) 3.77
307 O.9F (D7T%a) 3. 11
317 0. 9T (9T%a) Z.30
327 0.98 (98 245) Z.0
337 0.98 (98%a) 1.34
347 0.9 (9D O.7TSs
357 0.99 (992%) 0.38
367 1 {10025 S5.24 »x 10777

Based on Table 3.2, it shows that for value K = 277 has resulted R?= 95 % which is enough high. The choosen
method is a high Rz, low MSE and parsimony model, so the choosen model is K=277.

3.2 The Modelizing of Average Tidal Data in Semarang with Fourier Series

After knowing that the optimal K is 277, the next step is to determine the estimation model of tidal with
regression nonparametric approaching of Fourier Series. The result of estimated model can be seen on
attachment 1. Attachment 1 shows that the obtained model for average tidal data in Semarang as follows :

y =62,942+ 0,066t +0,331cost +

0,328cos 2t —0,488cos 3t —
0,395c0s4t—0,073cos5t +...—
0,070cos 277t

4, Discussion

Based on the obtained modelizing, it is known that if (t) = 62, so it can be estimated that average tidal
data in Semarang is in the amount of 52,42 cm.The estimation result of the lowest tide in Semarang is the
amount of 52,42 cm on March 2, 2016. The estimation result of highest tide in Semarang is the amount of
108,96 cm, on August 31, 2016. The result of the model can be used to forecast the average tidal that will be
going to happen in the future by entering how many (t) that can be predicted in the equation .

5. Conclusions

The result of the determination of optimal K with GVC method is K = 277. The result of modelizing that
is obtained for the tidal average data in Semarang with R? is in the amount of 95% and MSE = 4,42 as follows:
y =62,942+0,066t +0,331cost +

0,328cos 2t —0,488cos 3t —
0,395c0s4t —0,073cos5t +...—

0,070cos 277t

The estimation result of the lowest tide in Semarang is on March 2, 2016. The estimation result of highest tide in
Semarang on August 31, 2016.
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Attachment 1. Estimated Parameter Model Regression Nonparametric Approaching of Fourier Series
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