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Abstract: Tidal variations in the Red sea are spatially more dynamic and have more influence on the physical and biological processes. The scientific
study of tidal analysis in the Red sea is lacking. The lacuna is due to different factors such as uneven distribution of tide gauges over the Red sea coast
and lack of data resources. During the last century, several investigators carried out theoretical study of tides in the Red Sea, and that only provided
dynamical explanations of actual tides. A comprehensive study conducted along the western coast of Saudi Arabia. Harmonic analysis techniques used
for deriving major and minor tidal constituents. A tide model was developed to simulate the water level of the western coast of Saudi Arabia, Red sea.
The tide model can be used for nearshore tide forecast in this region.
Index Terms: Tidal constituents, Harmonic analysis, modeling
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1.

INTRODUCTION

The tidal dynamics in the Red Sea have more importance in
physically and biologically, especially coral protected coastal
areas. The western coast of the Saudi Arabia more protected
by coral reef. Hence, a comprehensive study on the dynamics
of tides is lacking in this region. The scientific study of tidal
analysis in the Red sea is lacking. The lacuna is due to
different factors like uneven distribution of tide gauges over the
red sea coast and lack of data resources. Several
investigators during the last century and that to provide a
dynamical explanation of actual tides have done the
theoretical study of tides of the Red Sea.1, 2,3,4 .The Red sea
belongs to the micro tidal region the influence of tide and its
associated currents are more prominent in the coastal areas,
than the open ocean, where anthropogenic activities are more.
The coastal processes play more role in the life span of the
coral reef. Hence, comprehensive spatial study on the
dynamics of study lacks in this region. A numerical modeling
study was carried out to unravel the dynamics of tides in the in
the Red Sea, giving more focus on the western coast of the
Saudi Arabia. The Red Sea is a semi-enclosed tropical basin
located between the Indian Ocean Sea and the
Mediterranean. The connection to the ocean is in the south
through the Bab el Mandeb strait and the Gulf of Aden. In the
north, there is the Sinai Peninsula, the Gulf of Aqaba, and the
Gulf of Suez5,6,7 (leading to the Suez Canal), about 2250 km
long and, at its widest point, 355 km wide. The model study
carried out spatially along the Red Sea and give more analysis
were carried out along the western coast of the Saudi Arabia

2 MATERIALS AND METHODS

data of horizontal resolution 30 arc-second were extracted
from the GEBCO grid (http://www.gebco.net/). The
GEBCO_08 Grid is a 30 arc-second worldwide help model of
Earth's surface that incorporates land geography and seas
bathymetry. The data were shaped into appropriate format
using software. The present study uses daily tide data with 15
min intervals for one month. The tide data wobtained from the
data archive of the General Commission of Survey (GCS),
Kingdom of Saudi Arabia during 2012-2013. The General
Commission of Survey (GCS) has placed a broad plan to
establish tide gauge network to monitor the sea level in the
Red Sea and the Arabian Gulf. The data collected from the
established tidal stations along the western coast of the Saudi
Arabia. The details of the tide station network were given in
Table. 1. The data were used for the model calibration and
validation processes.
TABLE: 1 COASTAL TIDE STATIONS
SL. NO.

COASTAL STATION

LONGITUDE

LATITUDE

1

MAGNA
(GULF OF AQABA)

34°45’

57”

28°27’

27”

2

ALWAJH

36°31’

15”

26°14’

15”

3

DUBA

35°43’

36”

27°19’

49”

4

YANBU

38°04’ 07”

24°06’

43”

5

JEDDAH

39°09’08”

21°32’

29”

6

QUNFUTHAH

41°04’

20”

19°07’

20”

7

JIZAN

42°34’

39”

16°56’

36”

The present study uses the bathymetry data from the global
bathymetry data set GEBCO_08 Grid data. The bathymetry
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2.1 Model used
The present investigations were carried out using MIKE 21 FM
module8.The model can be used for various hydrodynamic
modeling such as currents, tide etc. The MIKE 21 FM is a
modelling system for 2D free surface flows based on flexible
mesh approach. MIKE 21 Flow Model is applicable to the
simulation of hydraulic and environmental phenomena in
lakes, estuaries, bays, coastal areas and seas. The present
investigation mainly carried out using MIKE 21 Flow Model for
tide computations at the selected domain of the Red sea. The
model domain was selected in accordance with the objectives
and the availability of data. The study mostly focuses on the
Saudi Arabian coast and the data collected along the seven
different station were used for the study. The model domain
(Fig.1) was selected north of Jizan, where the southernmost
point of data availability of Saudi coast. The bathymetry data
(GEBCO.) were used for the model domain as mesh
bathymetry. In MIKE21, hydrodynamic model requires either
the surface elevation or flux at all open boundary points
specified on the boundary. The mesh model has one open
boundary at south and land boundary on the east, west and
north. The land boundary was defined as lateral boundaries.
The choice of variation at an open boundary can either be
surface level or flux passing through open boundary. The
present work the water level measure at tide station Jizan
during the period September 2012 is given as the boundary
conditions (Fig.2). The mesh model has one open boundary at
south and land boundary on the east, west and north. The land
boundary was defined as lateral boundaries. The present work
the water level measure at tide station Jizan during the period
September 2012 is given as the boundary conditions.

ISSN 2277-8616

Open boundary

Fig. 2 The boundary conditions of model domain
parameters (e.g. wind, wave currents etc.) were taken in
account. The model simulation period and time steps were
given in the Table 2.
TABLE: 2
MODEL SIMULATION PERIOD
SL.
NO .

PERIOD

1

DURATION
30 days

1st septemper
2012 to 30st
Septemper 2012

TIME STEP
(SECONDS)
1800

REMARKS
For
obtaining
boundary
conditions
for
site
of
interest

3.1 Model calibration
Calibration of the model was done by adjusting the bottom
friction to match the physical and nearshore characteristics of
the domain. The location Jeddah selected for model calibration
processes. The time series water level data downloaded from
the Jeddah from model domain and compared with the field
data for the same period. The initial results were not match
with the field conditions and after fine-tuning the results were
match with the field data. The results (Fig. 3) show the missmatch of the model result with field conditions and stabilize
later and this is due to stabilization during the initial condition.
The model needs more calibrations in different locations and
validations for different seasons.
Fig. 1 The model domain

3 RESULTS & DISCUSSION
The modeling was carried out for one month of September
2012. The present investigations were carried out only for the
simulations of water level and hence no other physical
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TABLE 3.
AMPLITUDE OF MAJOR TIDAL CONSTITUENTS

TYPE

MAGNA

DUBA

ALWAJ

YANBU

JEDDAH

QUNFUTHAH

M2

0.2694

0.1866

0.1734

0.1112

0.0385

0.1113

S2

0.0878

0.0689

0.0636

0.0389

0.0106

0.048

K1

0.065

0.0957

0.0961

0.0917

0.0826

0.0624

O1

0.0317

0.0446

0.0449

0.0435

0.0401

0.0322

model

Fig. 3 Comparisons of time series of measured and simulated
water level at Jeddah
3.2 Tidal constituent’s analysis
Understanding of tidal components is of paramount
importance in assessing the influence of tides on a wide range
of tidal processes. Hence, harmonic analysis were adopted to
derive major and minor tidal constituents9, 10. The tidal
constituents can be used for tidal predictions and related
processes. The importance tidal constituents were derived and
presented in the Table.3. The derived constituents and overall
analysis shows that the tides are of the mixed semi-diurnal
type with less tidal amplitude. The field studies also show less
amplitude of tide and are agreeing with tidal constituent’s
analysis results. The semidiurnal constituents show much
amplification than diurnal constituents11 (Fig. 4). The
applications of this method are of practically great importance
to study the tidal constituents in the western coastal region of
Saudi arabia and are therefore common practice to use the
available information on tides as background for coastal
engineering studies.

4 CONCLUSION
The study mainly focusses to set-up a tide model on the Red
sea, where the Saudi Arabia shares its coastline in this region.
The model can be used to predict the tide in this region if it
has properly calibrated and validated with different year. Since
the study conducted major part of the Red sea, the model
results can be used for the tidal analysis in these regions and
prediction purpose also. The modelling were carried out for
one month and predicted data can be used for future marine
related applications. The study area has more practical
importance in the field of hydrography and its applications.
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Fig. 4. Distributions of amplitudes of major tidal constituents at
different coastal locations
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