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ABSTRACT 

The coastal region of Bangladesh is comprised of  morphologically dynamic river 

network, sandy beaches and estuarine system. The interaction of huge fresh water 

and sediment load coming from the upstream river system and saline waterfront 

penetrating inland from the sea are the key factors for a vulnerable coastline. Meghna 

Estuary is located at the central part of the coastline of Bangladesh.  The tidal 

behaviour, upland discharges and wind fields vary distinctly in the coastal areas of 

Bangladesh. The tides in the coastal and estuarine areas of Bangladesh are semi-

diurnal in nature. Determination of tidal level for understanding the hydraulic 

behaviour of the coastal region is very important and crucial for taking any decision 

of coastal area development.   
 

A two dimensional hydrodynamic Depth Integrated Velocity and Solute Transport 

(DIVAST) model based on FORTRAN program has been set up for Bay of Bengal 

for simulation of tidal levels. The bathymetry of the Bay of Bengal has been 

generated with the numerical model DIVAST based on the data of Meghna Estuary 

Study (MES) phase I and phase II. The simulated tidal levels of the Bay of Bengal 

model have been calibrated and verified with the observed tidal levels of tidal gauge 

stations located at Daulatkhan, Tazumuddin, Hatiya, Sandwip, Feni River, Rangadia 

and Hiron Point locations. The calibration and verification time periods have been 

considered for spring tidal conditions at dry season from 12 January 2008  to 14 

January 2008  and monsoon season from 31 May 2009 to 02 June 2009  respectively. 

Time of simulation of the model is set for continuous five tidal cycles of 62 hours 

duration and a total of  40 points of tidal levels are generated.   

The DIVAST model simulated mean high spring tidal levels in  the verification 

results have been  found 1.73 m MSL at Daulatkhan, 1.93 m MSL at Tazumuddin, 

4.6 m MSL at Hatiya, 5 m MSL at Sandwip, 4.1 m MSL at at Feni River, 5.4 m MSL 

at Rangadia and 2.1 m MSL at Hiron Point. The simulated tidal ranges have been 

observed as micro-tidal at Daulatkhan, meso-tidal at Tazumuddin and Hiron Point, 

macro-tidal at Hatiya, Sandwip, Feni River and Rangadia. The simulated tidal levels 

have also been compared with the simulated tidal levels of two other studies and 

results have been found in good agreement. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background of the study 

The coastal zone is broadly defined as near coastal water and the adjacent land 

area. The zone includes the beach, estuaries, the adjacent lands of coastal water 

and the offshore water (Brommer and Bochev, 2009). Estuaries are coastal 

regions where salt water from the ocean mixes with fresh water from rivers, 

rainfall, and upland runoff. The ecosystem of estuary is suitable to productivity 

and a focal point for oceanic and inland commerce. Coastal zones are continually 

changing because of the dynamic interaction between the oceans and the 

land. Tides, waves and winds are responsible for depositing sediment on a 

continuous basis and rates of erosion and deposition vary considerably from day 

to day along such zones (Jena et al., 2008). The most significant natural erosive 

forces along the coastal zone are wind driven wave action with water level 

changes which results from tide, wind set-up, storm surge and sea level rise. 

(Morton, 2008).  
 

Coastal Zone is always on the forefront of civilization and has been by far the 

most exploited geomorphologic unit of earth. Its easy access and resourcefulness 

have always attracted human activities. In recent time, the coastal zone of the 

world is under increasing pressure due to high rate of human population growth, 

development of various industries, fishing, mining, discharge of municipal 

sewage and industrial waste effluents. A study of Inter Governmental Panel of 

Climate Change (IPCC) in 2001 reveals that 20 percent and 40 percent of the 

world’s population live within 30 kilometers and 100 kilometers of the coast 

respectively, which is also very true for Bangladesh. The coastal areas of 

Bangladesh are densely inhabited and represent an area of 47,211 square 

kilometers which is about 32 percent of the country’s geographical area. 35 

million people (28 percent of the country’s total population) live at 6.85 million 

households (BBS, 2001). 
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The coastal region of Bangladesh is marked by morphologically dynamic river 

network, sandy beaches and estuarine system. The interaction of huge fresh water 

and sediment load coming from the upstream river system and saline waterfront 

penetrating inland from the sea are the key factors for a vulnerable coastline 

(IWM, 2005).  Bangladesh has been identified as one of the 27 countries which 

are most vulnerable to the impacts of coastal region mainly on drainage 

congestion, fresh water abundance in monsoon, fresh water scarcity in dry 

season, inundation of land, unsteady morphological processes and extreme events 

(IWM and CEGIS, 2007). A vast river network, a dynamic estuarine system and 

a drainage basin intersect the coastal zone of Bangladesh making the coastal 

ecosystem as a potential source of natural resources, diversified flora and fauna 

composition. The coastal zone has a great economical and ecological value as it 

supports extensive agricultural activities, large forestry and a plentiful marine 

life. Physically the region is extremely dynamic due to large river flow and strong 

tidal action (Allison, 1998).  
 

The coastal areas of Bangladesh are different from rest of the country due to its 

unique geo-physical characteristics and vulnerability to several natural disasters 

like cyclones, storm surges, erosion and sea level rise. Natural hazards are 

increasing with of high frequency and intensity along the coast of Bangladesh 

with the changes of global climate. Therefore since 2000, the scientists are 

working both local and worldwide to find the different remedies to reduce the 

climate change impacts in the coastal areas of Bangladesh. 
 

The estuarine system of Bangladesh is comprised mainly of the Ganges-

Brahmaputra-Meghna (Gangetic delta), Karnaphuly, Matamuhuri, Bakkhali and 

Naf Rivers. It is well established that this kind of estuarine environment is highly 

productive in terms of nutrient input from different sources and promotes other 

living resources in the vicinity of the estuaries. An estuarine environment is a 

unique and important part of the aquatic habitat and forms the transition zone 

between the inland world of freshwater and the seawater lying offshore. Estuaries 

play a vital role in the life history development of many marine and brackish 

water coastal animals and some live out their entire life cycle within the estuarine 
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environment (Kamal and Khan, 2009). These diverse living resources in the 

estuarine environment play an important role in the ecosystem and national 

economy as well as promote the socio-economic well-being of the coastal 

communities. Although coastal and estuarine resources contribute a vital role in 

terms of both the ecosystem and the economy but study of the estuarine coastal 

environment in Bangladesh is meager. 
 

Meghna Estuary is one of the largest estuaries on the earth in terms of sediment-

water discharge and is located at the central part of the coastline of Bangladesh. 

The estuary comprises a number of deltaic islands which are morphologically 

highly dynamic. The tidal behaviour, upland discharges and wind fields vary 

distinctly from season to season. These factors induce noticeable variation of the 

hydrodynamics of the estuary and adjacent bay region (Azam et al., 2000).  
 

The tides in the coastal and estuarine areas of Bangladesh are semi-diurnal in 

nature with two successive tidal cycles per lunar day 24 hours 48 minutes 

duration and each cycle having a period of 12 hours 24 minutes. The tides 

originate in the Indian ocean and propagates faster along the western side of the 

Bay of Bengal. In general, the tidal range decreases gradually growing from east 

to west in the Meghna estuary (MES, 2001). Determination of tidal level for 

understanding the hydraulic behaviour of the coastal region is very important and 

crucial for taking any decision of coastal area development. 
  

There has been a growing public concern with an increased awareness of 

different impacts on coastal zone. The worldwide different studies on simulating 

tidal level (Jain et al., 2010), sea level rise (William et al., 2005; Gulizer and 

Aysen, 2010), sediment transport (Kevin and Daniel, 2004), salinity intrusion 

(Huang et al., 2008) and many other issues have been carried out to assess 

various impacts of coastal areas. Numerical model is a tool for simulating tidal 

level, flow and pollutant transport has become increasingly important in 

hydraulic and environmental engineering. Physical models are expensive, time 

consuming, complicated and require large laboratory resources, sophisticated 

electronic equipment and technical support staff. Though physical models 

provide correct picture of true condition but numerical models are widely used 
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for simulation of different impacts of various studies. Numerical models require a 

high level of technical expertise and accurate solution of basic hydrodynamic 

equations to reflect the true physical condition of the coastal region. Different 

numerical tidal models are used worldwide and all the models have been 

extensively validated against altimetric and coastal and pelagic tide gauge data 

(Shum et al., 1997; Zahran et al., 2006). The models typically perform well and 

are very similar to one another (with in few cm) in the deep ocean but can be very 

different in coastal and shallow shelf regions (maximum differences of over 1 m).  
 

Since 1991, Institute of Water Modelling (IWM) is maintaining the two-

dimensional Bay of Bengal Model for various impact assessments in the coastal 

areas of Bangladesh. The first version of the model was applied in Cyclone 

Protection Project (CPP, 1991) and was further developed as a part of the 

Cyclone Shelter Preparatory Study (CSPS, 1998). The model was further updated 

as a part of second Coastal Embankment Rehabilitation Project (CERP, 2000). 

The storm surge modelling study has been done based on the two-dimensional 

Bay of Bengal Model of Second CERP. The software used for the development 

of the mathematical model of Bay of Bengal is MIKE21 FM module of Danish 

Hydraulic Institute (DHI) Water and Environment. A number of modeling studies 

of Bay of Bengal have also been carried out to assess various impacts like: 

Impact assessment of climate change on the coastal zone of Bangladesh (IWM, 

2005); Investigating the impact of relative sea-level rise on coastal communities 

and their Livelihoods in Bangladesh (IWM and CEGIS, 2007); Salinity intrusion, 

coastal and fluvial flood modeling (Khan et al., 2006); Impacts of climate change 

and sea-level rise on cyclonic storm surge floods in Bangladesh (Karim and 

Mimura, 2008) and Residual flow in the Meghna Estuary on the coastline of 

Bangladesh (Jacobsen et al., 2002). 
 

The numerical model Depth-Integrated Velocities and Solute Transport 

(DIVAST) is a robust and reliable numerical model for solving the two-

dimensional depth-integrated equations by using a uniform rectangular mesh grid 

(Falconer, 1992). Two-dimensional depth-integrated numerical models are more 

widely used at present time because three-dimensional hydrodynamic numerical 
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models are sensitive and not always successful which implies a relatively large 

cost-benefit ratio (Kevin and Daniel, 2004). Two-dimensional depth integrated 

hydrodynamic equations are commonly used in numerical models to determine 

the tidal level and the tide-induced current structure (Falconer et al, 1991). The 

numerical DIVAST model simulates two dimensional distributions of currents, 

water surface elevations and various water quality parameters within a modeling 

domain as functions of time, taking into account the hydraulic characteristics 

governed by the bed topography and the boundary conditions. 
 

In this research work, the bathymetry of Bay of Bengal has been set up based on 

data of Meghna Estuary Study (MES) phase I and phase II. The bathymetry data 

has been collected from Institute of Water Modelling (IWM) in Bangladesh 

Transverse Mercator (BTM) co-ordinate system. The data has been transformed 

to Universal Transverse Mercator (UTM) co-ordinate system and finally to 

corresponding latitude-longitude for setting up the bathymetry of Bay of Bengal. 

The study describes the calibration and verification of DIVAST model simulated 

tidal levels against the measured tidal levels of tidal gauge stations at Daulatkhan, 

Tazumuddin, Hatiya, Sandwip, Feni River, Rangadia and Hiron Point locations 

during the spring tidal condition at dry period (January 2008) and monsoon 

period (June 2009) respectively. The comparison of simulated tidal levels has 

also been showed with MIKE 21 simulated tidal levels of other studies at 

Charchenga, Ramgati and Hiron Point at different time periods.  

 

1.2 Objectives of the study 
 

 The objectives of the study have been described as follows: 

• To set the bathymetry of model area of Bay of Bengal for simulating tidal 

level. 

• To verify the simulated tidal level with measured tidal gauge station data 

at different coastal area locations of Bangladesh. 

• To compare simulated tidal level with other study. 
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1.3 Structure of the Thesis Paper 
 

This paper consists of six chapters. Each chapter’s outlines have been given 

below: 
 

• Chapter-1 describes the background of the study and highlights the 

objectives set for the study. 
 

• Chapter-2 describes the coastal zone of Bangladesh. It also highlightes the 

related coastal and estuarine studies conducted both worldwide and in 

Bangladesh. 
 

• Chapter-3 describes the related theories and patterns of tides. It also 

describes the numerical model DIVAST, the governing equations and 

parameters used in the model. Finally it describes the methodology which 

includes the setting up the Bathymetry of Bay of Bengal, Model Set  up 

and Boundary Condition, Model Input Data, Solution Technique by Finite 

Difference Scheme, Model Output and Model Development Steps. 
 

• Chapter 4 describes the study area at Daulatkhan, Tazumuddin, Hatiya, 

Sandwip, Feni River and Rangadia of different coastal areas. It also 

describes the calibration and verification  of model against measured tidal 

levels of tidal gauge stations in the study area locations at different time 

periods. The high and low tidal levels at spring tidal condition during 

monsoon period including the analysis of result have also been discussed 

for verification of simulated tidal levels for the study. 

 
• Chapter 5 compares the simulated tidal levels  with ‘Climate Change 

Modelling’ study (CCC, 2009) at Charchenga and Ramgati during the dry 

period. A comparison plot of tidal levels has also been shown with tidal 

levels of Hiron Point during the dry period of ‘Tsunami and Storm Surge 

Modelling’ study (IWM, 2009).  

• Chapter 6 provides the overall conclusions of the study and some 

recommendations for future study. 
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CHAPTER 2 

LITERATURE REVIEW 
 

2.1 General 
 

The coastal areas of Bangladesh are different from rest of the country due to its 

unique geo-physical characteristics and vulnerability to several natural disasters 

like cyclones, storm surges, erosion and sea level rise. The coastal region of 

Bangladesh is marked by morphologically dynamic river network, sandy beaches 

and estuarine system. Meghna Estuary is one of the largest estuaries on the earth 

in terms of sediment-water discharge and is located at the central part of the 

coastline of Bangladesh. The estuary comprises a number of deltaic islands which 

are morphologically highly dynamic. The tidal behaviour, upland discharges and 

wind fields vary distinctly from season to season. Several estuarine modeling 

studies have been carried out worldwide and also in Bangladesh to assess the 

impacts of different studies, natural hazards etc. Coastal zone of Bangladesh, 

related estuarine studies of the world and Bangladesh are reviewed in this 

chapter. 
 

2.2 Coastal Zone of Bangladesh 

2.2.1 Coastal Boundary  
 

Bangladesh is a flood plain delta, sloping gently from the north to the south and 

meets the Bay of Bengal at the southern end. The coastline of Bangladesh is 710 

kilometres long and runs parallel to the Bay of Bengal (CZPo, 2005). According 

to the Coastal Zone Policy (CZPo, 2005) of the Government of Bangladesh, 19 

districts out of 64 are in the coastal zone covering a total of 147 upazillas of the 

country (Figure 2.2.1). Out of these 19 districts, only 12 districts meet the sea or 

lower estuary directly. 
 

The zone is divided into exposed and interior coast according to the position of 

land. The upazillas that face the coast or river estuary are treated as exposed 

coastal zone. Total number of upazillas that fall on exposed coastal zone is 48 in 

12 districts. A total of 99 upazillas that are located behind the exposed coast are 
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parallel to this zone. Karnafully, Sangu and Matamuhury River falls into the Bay 

of Bengal in this area. The Naf River falls to the Bay of Bengal dividing 

Bangladesh from Myanmar. Soil characteristics of the eastern coastal zone are 

dominated by submerged sands and mudflats (Islam, 2001). The submerged sand 

of the zone has formed a long sandy beach of 145 km from Cox’s Bazar towards 

Teknaf. Two of the country’s most important sandy beaches from tourists’ 

perspective, namely Patenga and Cox’s Bazar are located in this coastal zone. 

Fish farming, fishing in the bay, salt production and tourism are main economic 

activities of the zone.  

2.2.3 Central coastal zone  

Central coastal zone extends from Feni river estuary to the eastern corner of the 

Sundarbans, covering Noakhali, Barisal, Bhola and Patuakhali districts. The zone 

receives a large volume of discharge from the Ganges-Bhrahmputra-Meghna 

River system, forming high volume of silty deposition. More than 70% of the 

sediment load of the region is silt; with an additional 10% sand (Allison et al., 

2003). Because of the sediment discharge and strong current, the morphology of 

the zone is very dynamic and thus erosion and accretion rates in the area are very 

high. Numerous islands are located in the area including the country’s only island 

district Bhola. Many islands have been formed in last few years in the area by the 

process of land accretion. At the same time many have been eroded or 

disappeared (Rahman et al., 2001). Kuakata, an attractive sandy beach is located 

at the zone under Khepupara upazilla of Patuakhali district. 

2.2.4 Western coastal zone  

The western coastal zone is covered by the Sundarbans mangrove forest, 

covering greater Khulna and part of Patuakhali district. Because of presence of 

mangrove forest, the zone is relatively stable in terms of soil erosion. Mangrove 

swamps, tidal flats, natural levees and tidal creeks are characteristics of the zone. 

Mangroves of the area support feeding and breeding grounds for fish and shrimps 

species, enriching the area in fisheries bio-diversity. The area lies at 0.9 to 2.1 

metre above mean sea level (Iftekhar and Islam, 2004). Soil characteristics of the 

western coastal zone are silty loams or alluvium. Mangrove dominated coastal 
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areas have developed on soil formations of recent origin consisting of alluvium 

washed down from the Himalayas. The zone also has tourist attraction in the 

Sundarbans (Islam, 2003).  

 

2.2.5 Coastal Islands  
 

About 60 islands are identified in the coastal zone to date (Islam, 2004). Most of 

the islands are located in the central coastal zone, because of the dynamic river 

flow of the Ganges- Brahmputra-Meghna River system. Hatia, Sandweep and 

Maishkhali are three upazilas and Bhola, an administrative district are four bigger 

islands in the zone. Saint Martin is the only coral island of the country located in 

the Bay of Bengal, about 9.8 square km to the southeastern side of mainland 

(Hossain, 2001). The island has an area of 7.5 km
 
and situated under Teknaf 

thana of Cox’s Bazar district. A total number of 177 char lands are also identified 

in the coastal zone (Islam, 2004). 
 

2.3 Preview of the Past Studies 
 

2.3.1 Worldwide Estuarine Studies 
 

Daming et al. (2009) used a two-dimensional numerical model of extra-tropical 

storm surge and inundation in Bohai Bay was built based on the unsteady flow 

Navier-Stokes equations. The model included two sections; one was for the 

simulation of storm surge tidal level and the other for the simulation of storm 

surge inundation in the coastal area. While simulating the storm surge tidal level, 

the alternating direction implicit (ADI) method was applied to dispersing and 

solving 2D storm surge equations. In the simulation of storm surge inundation, 

the 2D unsteady flow equations were dispersed and solved using the non-

structure grids of finite volume method (FVM). A coupling calculation mode of 

the process of inundation and storm surge tidal level variation was proposed, 

therefore the storm surge inundation process and area could be calculated while 

simulating and forecasting the process of storm surge tidal setup. Furthermore, an 

extra-tropical storm surge and inundation in Bohai Bay were simulated using this 

numerical model. Simulation results were in good agreement with the measured 
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data, which showed that this numerical model provides a new method of 

simulating and forecasting storm surge and inundation in Bohai Bay. 

Hashemi et al. (2008) applied the Incremental Differential Quadrature Method 

(IDQM) to a tidal and surge model of the Bristol Channel, UK. The method is 

considered as an alternative new numerical technique in the field of marine 

hydraulics and its performance was examined through this case study. For 

validation of the simulated results, tide gauge data along the Bristol Channel was 

used. Another well known 1D model (MIKE11) and a quasi-3D model 

(POLCOMS) provided more insight into the flow pattern of the estuary and 

additional validation data. Similar to MIKE11, IDQM is unconditionally stable 

and so time steps of around 45 min achieved good results for the Bristol Channel 

whereas for methods which are restricted to the CFL criterion (e.g. explicit finite 

differencing schemes), the time step is limited to around 3 min. Since there is no 

stability constraint in IDQM, the time step was selected with reference to 

accuracy rather than stability. The usefulness of IDQM was also demonstrated by 

using a small number of grid points (11 along the 110 km length of the Bristol 

Channel) to produce accurate results. Based on the results of this case study, it 

was concluded that IDQM can be successfully implemented for 1D modelling of 

tidal elevations and surges in non-prismatic irregular channels. 

Padman et al. (2002) described a new tide model for the seas surrounding 

Antarctica including the ocean cavities under the floating ice shelves. The model 

used data assimilation to improve its fit to available data. Typical peak-to-peak 

tide ranges on ice shelves were 1-2 m but exceeded 3 m for the Filchner-Ronne 

and Larsen Ice Shelves in the Weddell Sea. Spring tidal ranges were about twice 

these values. Model performance was judged relative to the 5 to 10 cm accuracy 

that was needed to fully utilize ice shelf height data that were collected with the 

Geoscience Laser Altimeter System in late 2001. The model did not yet achieve 

good level of accuracy except few high quality tidal records were assimilated into 

the model. Some improvement in predictive skill is expected from increased 

sophistication of model physics but we also require better definition of ice shelf 

grounding lines and more accurate water column thickness data in shelf seas and 
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under the ice shelves. Long duration tide measurements (bottom pressure gauge 

or GPS) in critical data-sparse areas particularly near and on the Filchner-Ronne 

and Ross ice shelves and Pine Island Bay are required to improve the 

performance of the data assimilation model.  

Sankarnarayan et al. (2003) applied a three-dimensional (3D) hydrodynamic 

model to the Bay of Fundy using a boundary-fitted coordinate hydrodynamic 

model. The Saint John River and Harbour area were of interest for their study. 

They used a very fine grid with a resolution range of 50–100 m in the Saint John 

Harbour region and a grid resolution of about 2 to 3 km was used in the Bay of 

Fundy. The model forcing functions consisted of tidal elevations along the open 

boundary and fresh water flows from the Saint John River. The model predicted 

surface elevation compared well with the observed surface elevation at Saint John 

and the root mean square error in the model predicted surface elevation for a 60-

day period was found to be 4%. The amplitudes and phases of the major tidal 

constituents at 24 tidal stations, obtained from a harmonic analysis of a 60-day 

simulation were very close with the observed data obtained from Canadian 

Hydrographic Survey. The predicted harmonic amplitudes and phases of the M2 

tidal constituent were respectively within 20 cm and 7° of the observed data. The 

counterclockwise gyre observed in the body of Bay of Fundy was reproduced in 

the model.  

Sinha et al. (2009) used a vertically integrated model to study the tidal circulation 

and currents in the Gulf of Kachchh along the west coast of India. The model was 

fully nonlinear and used a semi-explicit finite difference scheme to solve the 

basic hydrodynamic equations on a staggered grid. The model was forced by 

prescribing the tides along the open boundary of the model domain. The flow was 

simulated both with and without the presence of the proposed tidal barrage across 

the Hansthal Creek in the Gulf of Kachchh. The results showed a considerable 

change in the behavior of the tidal flow in the presence of the barrage. 
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2.3.2 Estuarine Studies of Bangladesh 

Alam (2003) studied that tides in Bangladesh coast originate in the Indian Ocean. 

It enters the Bay of Bengal through the two submarine canyons named ‘Swatch of 

No Ground’ and ‘Burma Trench’ and arrives very near to the 10 fathom contour 

line at Hiron point and Cox’s Bazar respectively at about the same time. The 

most dominant principle constituents are M2 and S2 whose natural periods of 

oscillations are 12 hours 25 minutes and 12 hours respectively. Extensive 

shallowness of the north-eastern bay gives rise to partial reflections and thereby 

increases the tidal range and friction distortions concurrently. Large seasonal 

effects of meteorological origin coupled with the complexity of the non-linear 

shallow water interaction give rise to considerable number of higher harmonics. 

All such higher harmonic terms are needed in predicting tide to make it as nearly 

representative as possible. Besides numerous inlets, there are six major entrances 

through which tidal waves penetrate into the waterways system in Bangladesh. 

The major entrances are: Pussur entrance; Harin Ghata entrance; Tetulia 

entrance; Shahbazpur entrance; Hatia river entrance and Sandwip channel 

entrance. Strong tide is caused at the north of Sandwip by the shallowness and 

funnel effect in the Hatia river. The spring range noticed here is more than 7 

meter during vernal equinoxes and at upstream of Sandwip the tidal wave 

entering the channel sometimes deforms into a bore. 

Allision (1998) studied that the Ganges and the Brahmaputra deliver 

approximately 1.6 billion tons of sediment annually to the face of Bangladesh. 

These sediments compensate for the natural compaction and subsidence of the 

delta and keep its size relatively stable. Sediment replenishment is considered to 

balance the subsidence of the delta that results in a net sea level rise. A study by 

the SAARC Meteorology Research Centre (SMRC) found that tidal level at 

Hiron Point, Char Changa and Cox’s Bazar rose by 4.0 mm/year, 6.0 mm/year 

and 7.8 mm/year respectively based on the tidal gauge record of the period 1977-

1998. The rate of the tidal trend on the eastern coast is almost double that of the 

western coast. This difference could be due to subsidence and uplifting of land. 

The Bangladesh Inland Water and Transport Authority (BIWTA) recorded 4.27 
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m neap tides and 6.10 m spring tides in the coastal area of Sandwip Island, 

Chittagong. However, the tidal range is reduced toward the south along the south-

eastern coast of Bangladesh.  
 

Ali et al. (1997) studied that one of the important reasons for disastrous floods in 

Bangladesh was the back water effect from the Bay of Bengal on the flood water 

outflow. A two-dimensional vertically integrated hydrodynamic model of the 

northern Bay of Bengal was used to study the back water effect due to storm 

surges and astronomical tides in the Meghna estuarine region of Bangladesh. The 

model also investigated the impact of flood water discharge on tides and storm 

surges. It has been found that a significant amount of water was held up inside 

the country by back water effect. Not only that, a huge amount of water 

penetrates inside Bangladesh particularly due to storm surge and astronomical 

tides. 
 

Ali et al. (1998) in his study studied that the interaction among river discharge, 

storm surges and tides in the Meghna River estuary in Bangladesh using a two-

dimensional vertically integrated numerical model of the northern Bay of Bengal. 

River discharge and tidal flow across the river mouth act both positively and 

negatively depending on the tidal phase, positively during tide and negatively 

during low tide. This is also true for the combination of all three forces. On the 

other hand, in the most of the cases, river discharge acts in opposition to the 

storm surges. Under certain conditions and on rare occasions they act positively. 

The interactions between river discharge and storm surges, however, depend on 

their relative magnitudes. In respect of total elevation in the estuarial region, river 

discharge tends to increase the surge height. However, away from the estuary, the 

effect of river discharge is hardly visible. 
 

As-Salek (1997) in his study has shown that negative surges destroy coastal 

aquaculture installations and hinder rescue-evacuation operations during cyclones 

and storm surges in the Meghna estuary in Bangladesh. The influence of the 

characteristics of the cyclones striking the Noakhali-Chittagong-Cox’s Bazar 

coast on the negative surges in the Meghna estuary is examined.  The negative 

surges of the Meghna estuary are found to have a duration of 4-6 hours, occurring 
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before the main surge. The negative surges in the region show remarkable 

sensitivity to the astronomical tides and to the propagation path of a cyclone. The 

mechanism of the negative surges in the Meghna estuary is also discussed. 
 

As-Salek (1998) studied that depending on the characteristics of the atmospheric 

cyclone and the astronomical tide, storm surges can be coastal trapped in the 

Meghna estuary and propagate like edge waves along the coastline causing 

widespread devastating and enormous loss of life and property. The funneling 

effect of the narrowing estuary acts strongly on the pressure response and 

predominantly in the region north of Sandwip Island. The combined coastal 

trapping and funneling effect result in the widespread nature of the surges in the 

Meghna estuary. The widespread nature of the surges is directly proportional to 

the wind inflow angle and to the radius of maximum cyclonic wind, but inversely 

proportional to the angle of crossing of the cyclone as made with the coastline. 

The cyclone striking the Noakhali-Chittagong coast produces more widespread 

surges than does a cyclone striking the Chittagong-Cox’s Bazar coast. A rapidly 

moving cyclone drives the surge toward the northern coast. If a cyclone strikes 

during the ebb tide phase, then nonlinear tide-surge interaction also generates 

separate surges far to the west in the Khepupara region. 
 

As-Salek and Yasuda (2001) studied a numerical model of (1/120)0 resolution. 

The study found that in general the tide-surge interaction in the Meghna estuary 

shows a progressive wave nature of the local tide. If the peak of the maximum 

surge coincides with the tidal peak near the landfall, the surge propagates toward 

the north faster than when the surge peak coincides with the tidal trough. 

Cyclones that make landfall before the arrival of the tidal peak produce higher 

but shorter duration surges than those that make landfall after the arrival of the 

tidal peak. If the landfall time of the cyclone is kept fixed, the surge peaks are 

found to arrive earlier with the increase in the propagation speed of the cyclone 

and with the decrease of the radius of the maximum cyclonic wind. The arrival 

time of maximum peak surge in the northernmost estuary may be delayed by 

about 3-4 hours from the arrival time in the southern landform point. 
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Azam et al. (2000) observed that the Meghna estuary can be described as the 

zone of transformation of the Meghna River into a wide, shallow shelf followed 

by a deeper basin. A number of large deltaic islands like Bhola, Hatia, and 

Sandwip are located around the river mouth. The Meghna River falls into the Bay 

of Bengal through a number of channels namely Tetulia River, Shahbazpur 

channel and Hatia channel. The Shahbazpur channel carries the major portion of 

the flow. Due to the variation in precipitation between the two main seasons 

which are hydro logically known as the dry and monsoon seasons, the rivers and 

estuaries in Bangladesh experience wide variation of hydrological conditions and 

consequent physical processes. The geomorphology of the Lower Meghna 

estuary is influenced by a complex interaction between river and tide. The tidal 

currents in these areas play a dominant role in determining the fate of the river-

borne sediments. The major obstacle for understanding the morphological 

processes within this estuary is the scarcity of knowledge of sediment dynamics 

in this region, which is subjected to strong seasonal variation of river flow and 

tidal action. 
 

CERP (2000) carried out the storm surge modeling study based on the two-

dimensional Bay of Bengal Model. Since 1991, IWM is maintaining the two-

dimensional Bay of Bengal Model. The first version of the model was applied in 

Cyclone Protection Project (CPP, 1991) and was further developed as a part of 

the Cyclone Shelter Preparatory Study (CSPS, 1998). The model was further 

updated as a part of second Coastal Embankment Rehabilitation Project (CERP, 

2000). In this study the model has been updated with existing data and upgraded 

in 200 m grid resolution incorporating Sundarban area and it has been extended 

to the sea up to 16º latitude. The storm surge model is the combination of 

Cyclone and Hydrodynamic models. For simulating the storm surge and 

associated flooding, Bay of Bengal model based on MIKE21 hydrodynamic 

modelling system has been adopted. In the hydrodynamic model simulations 

meteorological forcing like cyclone is given by wind and pressure field derived 

from the analytical cyclone model. The MIKE 21 modelling system includes 

dynamical simulation of flooding and drying processes, which is very important 

for a realistic simulation of flooding in the coastal area and inundation. 
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CERP (2000) prepared a development plan for the entire Coastal Embankment 

System and a prioritized 5-year investment programme and also prepared detailed 

design for a number of polders. The performance of the existing coastal polders 

against storm surge was assessed through hydraulic modelling study. Under this 

project, approximately 5,000 km length of coastal embankments was surveyed by 

IWM.  
 

CSPS (1996) reviewed the master plans recommended by Multipurpose Cyclone 

Shelter Programme (MCSP), recommended modifications to the degree 

considered appropriate. The study has refined the definition of the High Risk 

Area (HRA) taking into account further progress in surge and flooding on the 

basis of the mathematical modeling study. The study also investigated the 

strengthening of coastal embankment through afforest ration, modified the shelter 

and killa design parameters reflecting the variations in surge height and forces 

within the HRA. 
 

EDP (2010) updated and upgraded the Bay of Bengal Model based on recent 

hydro-morphological data, satelite images and MIKE21 FM modelling system. 

BWDB engaged the IWM in September 2008 to carry out this study under the 

title “Updating of Hydrodynamic and Morphological Models to Investigate Land 

Accretion and Erosion in the Estuary Development Program (EDP) Area”. The 

main objective of this study was to ascertain the hydrodynamics and the 

morphological processes of the Meghna Estuary and to select cross-dams in the 

Sandwip, Urrirchar and Noakhali area and Char Mainka and Char Montaz area 

considering impacts of the proposed cross-dams. Two dedicated models for 

Sandwip, Urrirchar and Noakhali area and Char Mainka and Montaz were 

developed based on the general model for the Bay of Bengal model. The final 

report contains the potential locations of cross-dams for land reclamation and 

design parameters at Sandwip-Urrirchar-Noakhali and Char Montaz-Mainka 

areas. It also consists of estuarine circulation, net flow and erosion-sedimentation 

pattern in the Megha Estuary. 
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Flather (1994) used a numerical model for simulating and predicting tides and 

storm surges in regions that include areas of open sea combined with estuarine 

channels and intertidal banks. The model was applied to the northern shelf of the 

Bay of Bengal and the Ganges Delta, including the coast of Bangladesh 

devastated by a cyclone surge in April 1991. Hindcast and “forecast” simulations 

of this event, using forcing derived from a semi-analytical cyclone model with 

data supplied by the Joint Typhoon Warning Centre (JTWC), were described. It 

was shown that the timing of cyclone landfall and its coincidence with high tide 

determine the area worst affected by flooding. The “forecast” was based on a 

standard JTWC warning issued 12-18 hours ahead of the event. The predicted 

landfall was located accurately but its timing was about 5 hours late. As a result, 

the area of highest water levels shifted north. Improvements in the model and 

procedures required to produce useful warnings are discussed. Finally, results for 

the April 1991 storm are compared with those from a simulation of the great 

cyclone in November 1970. Peak surges and water levels were similar in 

magnitude in the two events, but differences in track and tidal conditions are 

again shown to be important, producing flooding in a large area of the southern 

delta in 1970 but along the mainland coast south of Chittagong in 1991. 
 

Flather (1994) also studied that coastal floods produced by cyclone generated 

storm surges are a major cause of life in the coastal areas surrounding the Bay of 

Bengal. Bangladesh is vulnerable for a number of reasons. First, it lies in the path 

of tropical cyclones; second it has a wide and shallow continental shelf; third the 

coastal areas in Bangladesh comprises of low-lying and poorly protected land, 

much of it being the delta of the Ganges and Brahmaputra rivers. Coastal 

defenses typically taking the form of earth banks, are designed primarily to 

prevent flooding by the normal tides and are overtopped and seriously damaged 

by a cyclone surge. Fourth, the coastal regions support a large population, many 

of them in poorest people forced to live in vulnerable areas in order to feed 

themselves by farming and fishing. 
 

Flierl and Robinson (1992) observed in their study that the coastal areas and off-

shore islands of Bangladesh are low lying and very flat. The height above mean 
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sea level of the coastal zone is less than 3m. The range of astronomical tide along 

the coast of Bangladesh is so large that the storm induced sea level is apt to 

become very high. The normal tidal range is about 3m near the Indian border in 

the west and becomes higher to the east (central coastal part) to about 5m near 

Sandwip island at the mouth of the Meghna estuary. The tidal range in the 

southeastern part is about 3.5 to 4 m. The situation becomes disastrous if storm 

surges are superimposed on high tides. A funneling coast line reduces the width 

of storm induced waves and increases the height. Also the fact that the coasts are 

situated at right angles in the northern corner of the Bay of Bengal causes higher 

storm induced waves compared to a straight coast line. 
 

Hossain (2001) observed that the tides in the coastal and estuarine areas are semi-

diurnal with two high and two low periods per day and have maximum amplitude 

of 3-4 m at spring tide. The tidal activity is an important mechanism for the 

movement of water and nutrients especially in the estuarine areas and this is 

probably a reason for the wide range of biodiversity in the estuarine water. The 

tidal range and river discharge are responsible for the extension of estuarine 

environment in the sea. The variation of tide level in the coastal areas may be 

attributed to the depth of the bay and varying topography of coastal water. The 

tide penetrates up to 170 km in the south-west and 0-50 km in the south-east area 

of Bangladesh during lean period (April-May) depending on the topography and 

channels in the area. 
 

IWM (2009) stated that during pre-monsoon (April to May) and post monsoon 

(October to December) disastrous tropical cyclones form in the Bay of Bengal. 

Most of the cyclones hit the coasts of Bangladesh with north-eastward 

approaching angel. Over the last 47 years (1960-2007) about 18 cyclones hit the 

coast of Bangladesh. Hindcasting (Modeling of past) of the storm surge has been 

made using available storm surge model available in IWM to assess the storm 

surge height  and risk of inundation of the coastal area. An inundation risk map 

has been prepared based on the maximum inundation depths of past 18 cyclones. 

The inundation risk map shows that the highest inundation depth having range 

between 5 m and 7 m lies in the Noakhali coast, Bhola, Urir Char, Sandwip and 



20 
 

small islands in the Meghna Estuary. The eastern coast experiences maximum 

inundation between 4 m and 6 m and western coast experiences inundation within 

the range of 3 to 5 m. 
 

Jakobsen et al. (2002) studied the hydrodynamics of the Bay of Bengal in detail 

using a calibrated and validated two dimensional numerical hydrodynamic 

model. The Flood Forecasting and Warning Center (FF&WC) of Bangladesh 

supported by the Institute of Water Modeling (IWM) in Dhaka and DHI has 

developed an operational salinity intrusion forecast model enabling both short-

term and long-term forecasting of salinity conditions in the delta. The Bay of 

Bengal model was transferred to the FF&WC during a DANIDA supported 

project from 2000 to 2006 in order to test the feasibility of carrying out 

operational cyclone forecasting. Later on the Bay of Bengal model was 

transferred into a flexible mesh model technology based on the finite element 

method. This has allowed for a more detailed resolution in the deltaic region and 

up into the river systems and thereby enhancing the accuracy of modeling of 

saline intrusion. Salinity intrusion forecasting requires the use of a well calibrated 

hydrodynamic model that describes the river discharges, water levels and currents 

correctly from the upstream river systems through the deltaic, coastal regions and 

out into the Bay of Bengal. An advection-dispersion model is coupled to the 

hydrodynamic model describing the transport and mixing of the fresh water 

outflows from the river with the saline Bay of Bengal waters. The combined 

hydrodynamic and advection-dispersion model is referred as the Bay of Bengal 

model. The Bay of Bengal model was originally developed by IWM and used in a 

number of projects where it has been updated, re-calibrated and verified.  
 

MES (2001) investigated the land reclamation potentiality in the Lower Meghna 

Estuary and developed five years development plan and twenty-five years master 

plan. During this project, the sea bed topography of the Meghna Estuary was 

surveyed after the last surveyed in 1987-88 during Land Reclamation Project 

(LRP). 
    

MES (2001) studied that the lower Meghna River is highly influenced by tidal 

interactions and consequential backwater effect. Riverine processes dominate the 
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Lower Meghna and Tetulia River as well as Shahbazpur channel and yet, there 

could be distinct ebb and flood channels in some reaches because of tidal 

influence. It has been observed that the tidal range is one of the most important 

variables that control coastal geomorphology. The tide is semi-diurnal that is two 

highs and two lows during a period of 24 hours and 50 minutes. The tidal waves 

approaching the coastal areas of Bangladesh are affected at least by Coriolis 

acceleration, the width of the transitional continental shelf, the coastal geometry 

and frictional effects due to fresh water flow. The tide approaching the estuary 

from southwesterly direction penetrates strongly into the lower Meghna except 

for periods with very high upland discharges. The vertical tide moves up to 

Chandpur in the monsoon season and upto Sylhet in dry season. Though the tide 

is strong in the Shahbazpur River, it is relatively weak at the Tetulia River 

because of shallowness of the outlet of the river into the Bay of Bengal. Again 

the tide is pre-dominant in the Pussur-Shibsa river system and a very strong 

saline intrusion occurs there. Tidal forces are very much pre-dominant in the 

Hatiya channel; in the area between Hatiya and Sandwip and the Sandwip 

channel. The maximum tidal range in the Meghna estuary may vary from 3.5 m 

at southern end of Hatiya and Sandwip to 7.5 m in the extreme northeastern end 

near the Feni closure dam.  The area around Sandwip Island is a macro-tidal area 

with tidal variation in a range of about 3 to 6 m. The area between Bhola and 

Hatia (Shabhazpur Channel) falls in the meso-tidal class with a tidal range of 2 to 

4 m. Tides in the Tetulia River and the upper reach of lower Meghna upstream of 

the Char Gazariaare micro-tidal class with a tidal range less than 2 m. 
 

MOS (1990) carried out the “Mathematical Model Study of Pussur-Sibsa River 

System and Karnafuly Entrance”. The expatriate consultant Danish Hydaulic 

Institute (DHI) selected by the funding agency DANIDA (Danish International  

Development Agency) received execution order on October 1989. DANIDA 

provided  the financial basis for the project supporting port development planning 

of the Ministry of Shipping. The study was carried out by DHI in association with 

Bangladesh University of Engineering & Technology (BUET) and the local 

consultant Bangladesh Engineering and Technological Services (BETS) limited. 

The objective of the Pussur-Sibsa study was through the application of the  
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mathematical models to determine the effects of various proposed polder 

schemes on the navigability of the Pussur River and the operations of Mongla 

port and to suggest alternatives to improve navigable depths. The mathematical 

modelling system MIKE 11 was used for final analysis of the Pussur River 

system and different remedial works for both navigability and hydraulic 

conditions. The two dimensional modelling system S 21 was set up for the Pussur 

entrance and the calibration of the tidal levels. The study zone of the Pussur-

Sibsa River system had an extension of approximately 50 × 25 km2, the open sea 

boundaries being at maximum 25 km long and running across very shallow zones 

(2 to 5 meters deep).      

 

Pattalo et al. (1989) observed that tidal range in Bangladesh shows a gradual 

increase from west to east to reach a maximum at the Meghna estuary and then it 

decreases south eastward. Tidal amplitude varies in different seasons along the 

coast of Bangladesh. During the monsoon time a large volume of water 

discharges through the Meghna estuary and other distributary channels. This non-

saline water when mixed with the saline water of the bay, cause an increase of the 

volume of the water and consequently the tidal amplitudes are increased.  They 

estimated an increase of tidal height above the normal height between 60 cm to 

100 cm during the monsoon period. When this high tide level (during the months 

of October and November) coincide with the storm surge, the impact becomes 

severe mainly around the estuary. Tide and surges are not linearly additive but 

interactive. This means that if, for example, a 5m surge is superimposed on a 5m 

tide, total height will not be 10m. Tides modify the surge amplification. 
 

2.4 Summary 
 

Several modeling studies have been carried out on the coastal areas of 

Bangladesh to understand the impact of various events like: climate change 

induced SLR, storm surge, tide-surge interaction at the Meghna estuary etc. As 

coastal areas are low lying and exposed to the sea, they are more vulnerable to 

unusual tidal heights of more amplitudes than other land areas. That is why the 

main focus of the study is to simulate the tidal level with the DIVAST numerical 
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model and to verify and compare the simulated tidal level with observed tidal 

gauge station data and other study respectively. 
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CHAPTER 3 

THEORY AND METHODOLOGY 

3.1 General 

Different concept of tidal theories and related governing hydrodynamic equations 

of numerical model are very important for the simulation of tidal levels. Correct 

generation of bathymetry of the model area is the pre-requisite for the accuracy of 

the model simulated result. The theories of tide, governing hydrodynamic 

equations and generated bathymetry of Bay of Bengal by the numerical model 

DIVAST have been discussed in this chapter. The bathymetry data of MES 

(2001) for Bay of Bengal has been used to generate the bathymetry of Bay of 

Bengal with the numerical model DIVAST.  A numerical two dimensional 

hydrodynamic Depth Integrated Velocity and Solute Transport (DIVAST) model 

based on FORTRAN program has been set up for Bay of Bengal for simulating 

tidal levels at different locations of our coastal areas. DIVAST has a number of 

modules for different purposes and each module has different sets of equations. 

In this study, hydrodynamic module of the DIVAST model has been used for 

simulating tidal levels of the selected coastal areas. Different tidal theories, 

governing hydrodynamic equations of model, numerical DIVAST model and 

generated bathymetry of Bay of Bengal with numerical DIVAST model including 

the solution technique of finite difference schemes are discussed in the following 

sections.  

3.2 Tidal Theory 

3.2.1 Introduction 
 

Tides are defined as the periodic vertical movement of water on the earth’s 

surface. Tides are very often neglected or taken for granted, “They are just the 

sea advancing and retreating once or twice a day.” The Ancient Greeks and 

Romans weren’t particularly concerned with the tides at all since tides are almost 

undetectable in the Mediterranean. 
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The scientific explanations for the tidal phenomenon were described by Sir Isaac 

Newton in his universal theory of gravitation which was published in 1687. He 

described in his “Principia Mathematica” how the tides arose from the 

gravitational attraction of the moon and the sun on the earth. He also showed why 

there are two tides for each lunar transit, the reason why spring and neap tides 

occurred, why diurnal tides are largest when the moon was furthest from the 

plane of the equator and why the equinoxial tides are larger in general than those 

at the solstices. Thus the gravitational theory became established as the basis for 

all tidal science. Details of the tides at any given place are governed by the 

responses of the ocean to the gravitational forces. 
 

Why the tidal predictions are required? Knowledge of the times and heights of 

tides and the speed and direction of tidal streams is important to a variety of 

people. These include: 
 

• The Hydrographic Surveyor in order to reduce soundings to a common 

datum. This is very important as the Navy would not be able to defend our 

waters without accurate charts. 

• The Navigator particularly in estuarine and coastal waters and the 

approaches to harbours. 

• Harbour and Coastal Engineers in the construction of harbour works, 

bridges, locks and dykes. 

• The Public to know when to go for fishing, sailing, crossing rivers on 

hiking trails etc. 
 

3.2.2 Tide Raising Forces 
 

Newton’s laws of motion, laws of gravity and centripetal acceleration play a 

major role to generate the tide raising forces. Newton’s law of motion states that 

“the acceleration of a body equals the force acting on it per unit mass”. 

Acceleration (a) = 
 

 
 . Newton’s law of gravity states that “a body of 

mass M exerts a gravitational attraction on a unit of mass at a distance r is Fg = 

,  where G is the universal gravitational constant.  
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Centripetal acceleration (Ac) is the acceleration of a body towards the center of 

curvature of the path along which it is moving and for a body with velocity (v) 

along a path with radius of curvature (r). Centripetal acceleration can be written 

as (Ac) =  .  

Comparing the gravitational attraction of the sun on the earth to that of the moon 

on the earth it is found that: 
 

Mass of the sun = 27 million times that of the mass of the moon, 

Distance of the sun to earth = 390 times the distance of the moon to earth.  

Thus, 
 

  
 = 178 times that of the moon. So the 

gravitational attraction of the sun is 178 times greater than that of the 

gravitational attraction of the moon. But it is known that the moon is more 

effective in producing tides than the sun. It is only the proportion of the 

gravitational force not balanced by centripetal acceleration (Ac) in the earth’s 

orbital motion that produces the tides. This unbalanced portion is proportional to 

the inverse cube of the distances rather than the inverse square of the distances 

from the earth. However it is still proportional to the mass as in Fg =  . So the 

tide raising forces of the sun are approximately 178/390 = 0.46 times that of the 

moon or the tide raising forces of the sun are approximately ½ that of the tide 

raising forces of the moon. 
 

In general the earth is orbiting the sun but in reality the earth and the sun both 

rotate around a common center of mass which is less than 500 km from the center 

of the sun. Similarly the moon and the earth are orbiting about a common center 

of mass that is inside the earth, approximately 1700 km below the surface of the 

earth. It is the revolution of the earth in this small orbit that is the counter part of 

the revolution about the sun (Moyer, 1996). 
 

The tide raising forces of the sun is only about ½ that of the moon. But it is 

important to look at the tide raising forces of the moon in relation to that of the 

gravity of the earth’s surface. For this all centrifugal forces due to axial rotation 
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are neglected. Upon comparison, the tidal forces of the moon are at most one ten-

millionth of the earth’s surface gravity. This may be thought of as negligible and 

thus insignificant, however these tiny forces act on every single particle of water 

throughout the depth of the ocean, accelerating them towards the sub lunar (or 

subsolar) point on the near side of the earth and towards the antipode on the far 

side. Thus the undulations set up in the deep oceans are quite gentle and only 

become prominent when their energy is compressed horizontally and vertically as 

they ride up into shallow and restricted coastal zones . 
 

Revolution of the earth/moon system introduces a centripetal force. The 

horizontal component of the difference between the gravitational and centripetal 

force is what ‘drives’ the tides. These horizontal tidal tractive forces are very 

small and are inversely proportional to the cube of the distance between the earth 

and the moon but as they are not balanced forces they cause water movement. 

The distribution of horizontal tidal tractive forces on the earth’s surface is shown 

in Figure 3.2.1. 

 

 

 
 

 

 

Figure 3.2.1: Distribution of horizontal tractive forces on earth’s surface (Moyer, 

1996). 
 

The pattern created by these tide producing forces produce bulges of water over 

the areas on the near and far sides to the moon where the forces are directed 

outward from the earth’s surface. Depressions are noted between these areas 

Lunar attraction 

exceeds 

centrifugal force 

Moon

Centrifugal 

force exceeds 

lunar attraction 
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where the forces are directed inwards. Figure 3.2.2 shows an imaginary earth 

covered with water having no land masses and the effect of the tide producing 

forces. 

 
 

 
  

 

 

Figure 3.2.2: Tidal bulges of semi-diurnal tide generation (Moyer, 1996). 
 

Introducing the rotation of the earth about its polar axis; each point on the surface 

will pass through the whole pattern of forces in one day with two passages under 

the bulges and two under the depressions. This is true for all points on the earth’s 

surface except near the poles and is the basis for the existence of the semi-diurnal 

tides on a diurnally rotating earth. The Sun/Earth system sets up similarly to that 

of the Earth/Moon system but the forces involved are much smaller as shown 

previously. 
 

3.2.3 Diurnal Tidal Patterns 
 

The origin of semi-diurnal tide has already been explained. It is observed that 

even semi-diurnal tides are often of unequal amplitude but in some places the 

tides are entirely diurnal. So there are also diurnal inequalities. Diurnal tides are 

affected by the changes in solar and lunar declination. Figure 3.2.3 shows an 

exaggerated form, how the declination produces an asymmetry between the two 

high and two low water levels observed at the mid-latitude point P as it rotates 

under the two bulges. Both water levels are equal at the equator but in high 

latitudes one high water disappears altogether. 
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Figure 3.2.3: Effects of declination of diurnal tide generation (Moyer, 1996). 
 

The maximum lunar monthly declination north and south of the equator varies 

from 18.3° to 28.6° over the 18.6 year nodal period. The solar declination varies 

seasonally from 23.5° in June to –23.5° in Dec. Thus the combined effect of the 

sun and the moon will increase the diurnal effect on the tides when their 

combined declinations are both large either in the same or opposite sense. Thus 

the greatest diurnal effects occur when the moon is full at solstices in June and 

December in the southern hemisphere. 

 

3.2.4 Spring and Neap Tidal Patterns 
 

It cannot be stressed enough that at no place on the earth is the actual tide, the 

same as the equilibrium tide at that place. Nevertheless, many of the 

characteristics of the two are similar except for magnitude and time. The sun’s 

tide producing forces sometimes acts with or against those of the moon. At new 

and full moon, the sun and moon act together producing a large tide-raising force. 

During the spring tide, the high waters occur near local noon and local midnight 

and are higher than average due to the reinforcement of the two. The two low 

waters are also reinforced but in the opposite sense, making them lower than 

average. The result is a larger than average range of semi-diurnal tide at spring 

tide. Actual big range spring tides occurs a couple of days afterwards due to the 

inertia of the water mass. They occur at approximately fortnightly intervals. 
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With the moon at its first or last quarter, its tide-raising force is partially 

counteracted by that of the sun. Thus neap tides occur on the day that the sun’s 

and moon’s high waters most closely coincide with the others low waters. The 

result is a smaller than average range at neap tides. The resultant small range 

neap tides occur approximately a week after springs. The range of the combined 

solar and lunar tides does not change suddenly at springs and neaps. It is however 

a sinusoidal modulation over the half-month period between successive springs 

or neaps. Figure 3.2.4 illustrates the spring and neap tide. 

 
Figure 3.2.4: Spring and Neap tide generation (Moyer, 1996). 

 

3.2.5 Real Tides 
 

Still now it has been referred to tides on an imaginary earth that is totally covered 

in water and has no land masses/continents. This is the basis for the Equilibrium 

Tide Theory. The Equilibrium tide theory is defined as the elevation of the sea 

surface that would be in equilibrium with the tide forces if the earth were covered 

with water to such a depth that the response to these forces is instantaneous. In 

reality this has no resemblance to the real tides and the rise and fall predicted by 

it are too small compared to observed tides. This is however an important 

reference system for tidal analysis. 
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The dynamic theory or real tide on the other hand represents the tide as a wave 

“forced” by the tide-producing forces and the rise and fall on the coast as a result 

of flow convergence or divergence. In theory, it allows calculations of tidal flows 

in the ocean and the rise and fall on the shores. However, the real ocean basins 

have very complicated coastal and bottom topography and it is not possible to 

obtain exact solutions except in the open sea. 
 

There are several important factors that modify the movement of water in real 

tide situations: 
 

• The Sun/Moon:  The moon’s gravitational effect is greater than the sun 

due to closer proximity to the earth but acting sometimes in conjunction 

with the sun and sometimes in opposition, it varies the amplitude and 

timing of the tides. 
 

• Geography: Land masses obviously impede and deflect movement of 

water on the earth’s surface. 
 

• Friction:  Friction retards the movement of water particles across the 

earth’s surface (the movement of tides across it is gradually slowing down 

the rotational speed of the earth). 
 

• Basin Oscillation: All bodies of water have natural periods of oscillation 

determined by their size and shape. All oceans are made up of a number 

of oscillating basins. The resultant oscillations at any one place affect the 

tidal movement or wave form depending upon the degree of resonance 

with the astronomic tidal curve. 
 

• Lunar and Terrestrial Orbits: The shape and plane of both the earth’s orbit 

around the sun and the moon’s orbit around the earth are such that the 

distance between these bodies, their gravitational effect varies 

continuously in cycles of months, years and even longer periods. 
 

• The Earth’s Orbit:  The orbit of earth is in the form of an eccentric ellipse. 

At perihelion the earth is 91.3 million miles and at aphelion it is 94.5 

million miles away from the sun respectively. 



32 
 

• The Earth’s Declination:  23° 27’ off the vertical, hence the declination of 

the relative position of the sun and the moon as they appear to revolve 

around the earth. 
 

• The Moon’s Orbit: Also an eccentric ellipse with a varying apogee and 

perogee. 
 

The Equilibrium theory explained above describes two bulges moving around the 

earth from east to west at a steady rate. Their range would be 0.5m at the equator. 

This is not exactly what happens with the observed tides. The theoretical 

explanation of diurnal tides does not agree with the observations. The main 

reason for this complicated response to the tidal forcings is the fact that the land 

divides the world's waters into oceans, seas, gulfs etc of different size, shape and 

depth. The only latitudes for the unimpeded circumpolar movement are around 

Antarctica and in the Arctic. 
 

In addition, the water movements are affected by the rotation of the earth. The 

Coriolis effect causes the water to take a curved path rather than a straight one 

and Kelvin waves produce different tidal ranges across channels. The best 

example of this is that of the English Channel where the French coast experiences 

a much larger tidal range than the British side  
 

3.2.6 Natural Resonance 
 

The various bodies of water have their individual natural periods of oscillation. 

This influences their response to the tide raising force. The Pacific Ocean has, in 

general, a natural period of oscillation of about 25 hours, making it resonant to 

the diurnal components of the tide raising forces, so the tides tend to be diurnal 

there. The natural period of oscillation of the Atlantic is about 12.5 hours making 

it resonant to the semidiurnal components and so the tides in that ocean are 

mainly semi-diurnal. Pacific tides are observed to have much more diurnal 

characteristics in general than Atlantic tides. There are also seas that have a 

natural period of oscillation that makes them unresponsive to either diurnal or 

semi-diurnal forces, these are known as non-tidal waters. Good examples of non-

tidal waters are: Eastern Mediterranean, Baltic, Black and Caspian Seas. 
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3.2.7 Shallow Water Effects 
 

Tides can be regarded as long waves even in the open oceans as they have 

wavelengths much longer than the water depth. When a tide propagates into 

shallow water it’s wave form is distorted from its sinusoidal form. In the shallows 

of the continental shelves, as the wave form’s amplitude becomes a significant 

proportion of the water depth, their crests build up and the tidal range increases. 

At the same time however, the bottom friction removes more and more of the 

tidal energy, retards the trough and reduces the range. Irregular coastal 

topography further distorts the picture and exact mathematical solutions are 

rarely possible in these conditions. Tides in the open ocean are usually of much 

smaller amplitude than those along the coast. As mentioned earlier, this is partly 

due to amplification by reflection and resonance. It is however, more generally 

the result of shoaling: as the wave propagates into shallower water, its wave 

speed decreases and the energy contained between crests is compressed both into 

a smaller depth and a shorter wavelength. The tide height and the tidal stream 

strength must increase accordingly. If, in addition, the tide propagates into an 

inlet whose width further diminishes toward the head, the wave energy if further 

compressed laterally. This effect, called funneling, also causes the tidal height to 

increase. 
 

Tidal bore is an extreme case of shallow water effects. It occurs usually at low 

water springs when a tide with a large range is funneled into a river or estuary 

with a steeply shelving bottom. Sometimes the front of the rising tide propagates 

up a river as a bore, a churning and tumbling wall of water advancing up a river 

not unlike breaking surf riding up a beach. Creation of a bore requires a large rise 

of tide at the mouth of a river, some sandbars, or other restrictions at the entrance 

to impede the initial advance of the tide, and a shallow and gentle sloping river 

bed. Simply stated, the water cannot spread uniformly over the vast shallow 

interior area fast enough to match the rapid rise at the entrance. Friction at the 

base of the advancing front plus resistance from the last ebb flow still leaving the 

river causes the top of the advancing front to tumble forward, sometimes giving 

the bore the appearance of a travelling waterfall. 
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3.3 The Numerical Model DIVAST  

DIVAST is a two dimensional, depth integrated, hydrodynamic and solute 

transport, time variant model which has been developed for estuarine and coastal 

modelling. DIVAST was developed using the FORTRAN 77 programming 

language by Prof. Roger Falconer, Halcrow Professor of Environmental Water 

Management and Dr. Binliang Lin, both of them from Cardiff School of 

Engineering, Cardiff University, UK. DIVAST is continually updated and 

improved by both Prof. Falconer’s team in Cardiff University and the MarCon 

staff. It is suitable for water bodies that are dominated by horizontal, unsteady 

flow and do not display significant vertical stratification. The model simulates 

two dimensional distributions of currents, water surface elevations and various 

water quality parameters within a modelling domain as functions of time, taking 

into account the hydraulic characteristics governed by the bed topography and the 

boundary conditions. 

The DIVAST model is based on the solution of the depth-integrated Navier–

Stokes equations and includes the effects of: local and advective accelerations, 

the earth’s rotation, free surface pressure gradients, wind action, bed resistance 

and a simple mixing length turbulence model. The differential equations are 

written in their pure differential form and thereby allowing momentum 

conservation in the finite-difference sense. Particular emphasis has been focused 

in the development of the model on the treatment of the advective accelerations, a 

surface wind stress and the complex hydrodynamic phenomenon of flooding and 

drying. 

The governing differential equations are solved using the finite difference 

technique and using a scheme based on the Alternating Direction Implicit (ADI) 

formulation. The advective accelerations are written in a time centered form for 

stability, with these terms and the turbulent diffusion terms being centered by 

iteration. Whilst the model has no stability constraints but there is a Courant 

number restriction for accuracy in the hydrodynamic module. The finite 

difference equations are formulated on a space staggered grid scheme, with the 
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water surface elevations and the x-direction velocity components being initially 

solved for during the first half time step by using Gaussian elimination and back 

substitution (Falconer, 1992).  

3.4 Governing Equations of the Model 

The numerical DIVAST model used in this study is based on the solution of the 

depth-integrated Reynolds averaged Navier–Stokes equations. Full details of the 

derivation of these depth-integrated equations are given in Falconer and Chen 

(1996)  but the final representations of the governing equations are cited herein 

for convenience with the conservations of mass and momentum in the x and y 

directions. 
 

The depth integrated form of the continuity equation:  

  
η  = 0                                                        ……………… ( 3.4.1 )   

Where U, V are the depth-average velocity components in the x, y directions, H 

is the total depth of flow (=h + η).  
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Figure 3.4.1: Notation and co-ordinate system. 
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The depth integrated form of momentum equation: 

For x direction:  

 β fVH
     

 gH η
ρ

τ
ρ

τ
ρ

                2 ε ε ε                                         ……… ( 3.4.2 ) 

For y direction: 

β fUH
     

 gH

             2 ε ε ε                                            ……… ( 3.4.3) 

Where, 

• t is the time, 

• x and y are the horizontal coordinates toward east and north, 

• U, V are the depth-averaged velocities in x, y direction,  

• H is the total depth of flow (=h+η),  

• η is the water surface elevation due to the tide from the still water level, 

• β is the momentum correction factor for non-uniform vertical velocity 

profile, 

• Pa is the atmospheric pressure on the sea surface,  

• ρ (=1.03×103 kg/m3) is the seawater density, 

• g is the gravitational acceleration,  

• f is the Coriolis parameter (=2ω sinψ, where ω=7.29 ×10-5 rad/s  is the 

angular speed of the rotation of the earth and ψ is the latitude of grid 

point), 

• τ , τ = surface wind shear stress components in x, y direction,  

• τ , τ = bed shear stress component in x, y direction and 

• = depth-averaged eddy viscosity. 



37 
 

The individual term in equation (3.4.2 & 3.4.3) refers to:  

Term1: The local acceleration. 

Term2: The advective acceleration. 

Term3: The Coriolis acceleration arising as a result of earth’s rotation.  

Term4: The pressure gradient or surface slope.  

Term5: The barometric pressure gradient. 

Term6: The surface wind stress.  

Term7: The bed roughness resistance. 

Term8: The turbulent diffusion of momentum. 

In practical model studies of flow on tidal floodplains and in the absence of 

extensive field data on the vertical velocity profiles, the momentum correction 

factor is either set to unity or a vertical velocity profile is assumed. For an 

assumed logarithmic vertical velocity profile as derived from Prandtl’s mixing 

length hypothesis (Falconer and Chen, 1996), it can readily be shown that the 

value of β is given by: 

              β= 1                                                                …………… ( 3.4.4 ) 

Where k is the Von Karman’s constant (=0.4) and C is Chezy’s roughness 

coefficient. Alternatively, an assumed seventh-power law velocity profile leads to 

a constant value for β of 1.016. 

For the surface wind shear stress components a quadratic friction law is assumed 

based on a balance of the horizontal forces for a steady uniform flow, giving: 

              = C ρ W W    

             = C ρ W W                                                                      .……. ( 3.4.5 ) 
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Where C = air-water resistance coefficient, ρ = air density, Wx, Wy = wind 

velocity components in x, y directions and Ws= wind speed (= W W ). 

Various constant values and formulae have been proposed for the resistance 

coefficient Cs with one of the most widely used representations being the 

piecewise formulation (Wu, 1969), giving: 

            C 1.25  10 W .   for  W 1 ms                    

            C 0.5  10 W .     for  1 15 ms                     .......( 3.4.6 ) 

            C 2.6  10               for  W 15 ms  

For most tidal floodplain studies the bed stress is also represented in the form of a 

quadratic friction law as given by: 

             = ρgUV C   

             = ρgVV C                                                                             .…( 3.4.7 ) 

 

Where V = depth-averaged fluid speed (=  √U V ). The Chezy value is 

determined from the Colebrook–White equation can be used (Henderson, 1966) 

giving: 
 

             C= 32g   log
.

.                   ….. ( 3.4.8 ) 

 

Where f = Darcy–Weisbach resistance coefficient, ks= Nikuradse equivalent 

sand-grain roughness and Re= Reynolds number for open channel flows, namely 

4 * Vs * H/υ (with υ being the kinematic viscosity of the fluid). 
 

For the depth average eddy viscosity coefficient, the simplest relationship is 

based on Prandtl’s mixing length theory giving 
 

             = C U   H                                                                            ……… ( 3.4.9 ) 
 

Where C  is the constant typically 0.15 and U  is the shear velocity. 
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3.5 Methodology 
 

The total process of the work has been organized in the following steps: 

• Setting up the Bathymetry of Bay of Bengal. 

• Model Set  up. 

•  Boundary Condition. 

• Model Input Data. 

• Solution Technique by Finite Difference Scheme. 

• Model Output and 

• Model Development Steps. 
 

3.5.1 Setting up the Bathymetry of Bay of Bengal 
 

The bathymetry data was originated during the Meghna Estuary Study Phase I 

and Phase II. Phase I surveys were carried out during year 1997. During this 

survey some shallow areas were not covered. Later during the dry period of 1998 

- 1999 in Phase II the shallow areas were surveyed. The coastline has been 

formed from the LANDSAT imagery from 1998. To cover areas outside of the 

Meghna estuary and topography, the following earlier data was included: 

• British Admiralty Chart Nos. 814, 829 and 859. 

• BIWTA depth charts along the coastline of Chittagong and along the 

northwestern part of the study Area, datum CD. 

• BWDB, Padma River, Upper and Lower Meghna Rivers, datum PWD. 

• CSPS design polder levels, datum PWD. 

• Land levels of Bangladesh, Digital Elevation Model, FAP 19, datum 

PWD. 

• Land levels of Khulna-Jessore area, KJDRP, 1997, datum PWD.  

• Land levels of Bangladesh, new Digital Elevation Model based on 

FINNMAP data, datum PWD. 

• Coast lines of Bangladesh from LANDSAT imagery from February 1996. 
 

The bathymetry data of Bay of Bengal has been collected from Institute of Water 

Modelling (IWM) in Bangladesh Transverse Mercator (BTM) co-ordinate 

system. The bathymetry data has been transformed from BTM co-ordinate system 
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to Universal Transverse Mercator (UTM) co-ordinate system and finally UTM 

co-ordinate system has been transformed to corresponding latitude-longitude for 

setting up the bathymetry of the Bay of Bengal. As the DIVAST model has the 

option to select square grid of constant spacing, so constant grid spacing of 5680 

meters are used within the model area.  The generated bathymetry of the Bay of 

Bengal by numerical model DIVAST is shown in Figure 3.5.1. 

                                                                                                                                                                                           

                                                                                                                                   (m) 

              
                                                   Grid Numbers  
 

Figure 3.5.1: Generated Bathymetry of Bay of Bengal by Numerical Model 

DIVAST 
 

Figure 3.5.1 represents the generated bathymetric contour map of Bay of Bengal 

consists of a two-way nested mesh of 181 × 91 grid squares with a constant grid 

spacing of 5680 m. The model has two open boundaries. The southern boundary 

is in the open sea located along the line extending from Vishakhapatnam of India 

to Gwa Bay of Myanmar and the northern boundary is in the Lower Meghna 

River near Chandpur. The collected bathymetry data of Bay of Bengal has also 

been cross checked with the British Admirality Chart No 829 (Edition: June 

2001). The comparison of bathymetry at some of the locations are shown in 

Table 3.5.1. 
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Table 3.5.1: Comparison of Bathymetry with British Admirality Chart no 829 
  

Location Latitude & 

Longitude 

(Degree) 

Bathymetry 

Data 

(m) 

Bathymetry of British 

Admirality Chart no 829 

(m) 

Vishakhapatnam Lat:18.91 

Long: 84.64 

19.22 19.19 

Gwa Bay Lat: 18.91 

Long: 93.87 

20.94 20.88 

Bhola Lat: 18.91 

Long: 85.04  

4.93 4.98 

Sandwip Lat: 22.5  

Long: 91.41  

4.2 4.5 

Hatiya Lat: 22.48 

Long: 90.95  

3.2 3.1 

Sea Lat: 18.91 

Long: 86.27  

1924.5 1925 

Sea Lat: 19.42 

Long: 87.03  

1601.3 1600 

Sea Lat: 20.59 

Long: 87.5  

44.66 44.7 

 

Meghna estuary can be described as the zone of transformation of the Meghna 

River into a wide, shallow shelf followed by a deeper basin. A number of large 

deltaic islands: Bhola, Hatia and Sandwip are located around the river mouth. 

The Meghna River falls into the Bay of Bengal through a number of channels: the 

Tetulia River, the Shahbazpur channel and the Hatia channel. The coast line of 

Bangladesh is characterized by a wide continental shelf, especially off the eastern 

part of Bangladesh. The triangular shape at the head of the Bay of Bengal helps 

to funnel the sea water pushed by the wind towards the coast and causes further 

amplification of the tidal levels. This is basically what happens in the 

amplification of tidal levels on the Bangladesh coast. 
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It has been found from Banglapedia that the width of the continental shelf off the 

coast of Bangladesh varies considerably. It is less than 100 km off the south coast 

between Hiron Point and the Swatch of no ground and more than 250 km off the 

coast of Cox’s Bazar. Sediments are fine seaward and westward with the thickest 

accumulation of mud near the submarine canyon, the Swatch of no Ground. The 

shallow part (less than 20m) of the continental shelf off the coast 

of Chittagong and Teknaf is covered by sand and the intertidal areas show well-

developed sandy beaches. The shallower part of southern continental shelf off the 

coast of the Sundarbans, Patuakhali and Noakhali is covered by silt and clay and 

extensive muddy tidal flats are developed along the shoreline.  

It has been also found from Banglapedia that Swatch of no Ground  a trough-

shaped marine valley or canyon that cross the Conttinental shelf diagonally and 

situated on the south of the Ganges-Brahmaputra Delta. It is also known as 

Ganga Trough. Swatch of no Ground has a comparatively flat floor 5 to 7 km 

wide and walls of about 12° inclination. At the edge of the shelf, depths in the 

trough are about 1200 m. It has been suggested that the Swatch of no Ground has 

a seaward continuation for almost 2000 km down the Bay of Bengal in the form 

of fan valleys with leevees. The sandbars and ridges near the mouth of the 

Ganga-Brahmaputra delta pointing toward the Swatch of no Ground indicate that 

sediments are tunnelled through this trough into the deeper part of the Bay of 

Bengal. Slumps, Growth Faults and evidence of mass movement coupled with 

high sedimentation rates near the Swatch of no Ground provide dramatic 

evidence that modern sediment is being channelled off-shelf through the 

submarine canyon to the Bengal Fan. Studies on the Bengal Deep Sea Fan 

suggest that Swatch of no Ground is feeding the Bengal Fan by turbidity currents. 

Most of the sediment of the Bengal Deep Sea Fan has been derived from the 

confluent of Ganges and Brahmaputra Rivers, which drain the south and north 

slopes of the Himalayan, respectively. Under the present condition perhaps low-

density turbidity currents and sand cascading are perhaps dominating process of 

sediment transport from the shelf to the deep sea through the Swatch of no 

Ground.   
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The two-dimensional hydrodynamic model of Bay of Bengal has been developed 

by IWM with MIKE 21 flow module. The storm surge modeling study has been 

done based on the two-dimensional Bay of Bengal model of second CERP. In 

this study the model has been updated with existing data and upgraded in 200 m 

grid resolution incorporating Sundarban area and it has been extended to the sea 

up to 16o latitude. The model is two-way nested and includes four different 

resolution levels (Coarse, intermediate, fine and 200 m grid) in different areas. 

The Meghna Estuary is resolved on a 600m grid and that of the area of interest 

for development interventions is resolved on a 200m grid. In  DIVAST model, 

the size of 5680 m square grids for generating the bathymetry by using the 

coarser grid size data are collected from IWM. As the model has option of one 

square grid for entire area so that some small islands and chars are not defined in 

the model of Bay of Bengal. Due to the larger grid size the Lower Meghna River 

is also incorporated in one grid of 5680 m. 

3.5.2 Model Set Up 
 

The Bay of Bengal Model has been set up on Depth Integrated Velocity and 

Solute Transport (DIVAST) model based on FORTRAN 77 programming 

language (Navera, 2004). The DIVAST model system has been developed for 

complex applications with oceanographic, coastal and estuarine environments.  
 

The model simulates the water level variations and flows in response to a variety 

of forcing functions on flood plains, in lakes, estuaries and coastal areas. The Bay 

of Bengal model area is two-way nested using a mesh of 181 × 91 grid squares 

with a constant grid spacing of 5680 m. The important hydrodynamic input 

parameters of the model are used after trial and fine tuning for calibration of the 

model are shown in Table 3.5.2. 
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Table 3.5.2:  Input Parameters used for calibration of Model 
 

Model Input 

Parameters 

Meaning Value 

TIMESM Time of simulation in hrs 62  

HDT Half time step in seconds 30  

RUFFMM Value of roughness length k (mm) 40 

VISCMM Kinematic viscosity of fluid (mm2/sec) 1.31  

REMIN Minimum Renolds number 1000 

BETA Momentum correction factor for non-

uniform velocity distribution 

1.016 

COED Eddy viscosity coefficient for non-

uniform velocity distribution 

0.15 

GAMMA Longitudinal dispersion coefficient 13 

DELTA Lateral turbulent diffusion coefficient 1.20 

ADDIS Additional dispersion-diffusion term 5.0 

WINDIS Wind induced dispersion coefficient 0.0 

DENAIR Density of air 1.25 

DENWAT Density of water 1026.00 

CFSURF Air-water interfacial friction coefficient 0.0026 

GAMSUS Gamma for suspended sediments 4.07 

SPECWT Specific weight of suspended sediments 2.65 

DIAM50 Mean grain diameter in meters 0.0004 

 

The model generates the tidal level for continuous five tidal cycles of 62 hours 

duration and each tidal cycle consists of 12.4 tide hours. The each simulated tidal 

level output is after 1.55 hours and there are total 40 tidal level outputs for five 

tidal cycles. The time of simulation of the model is set for 62 hours and the time 

step of 60 seconds is considered to ensure the stability of the numerical scheme. 

The model has attained stability by maintaining the courant number 

(g1/2h1/2∆t/∆s) less than 1, in which ∆t is the computational time step (=60 s) and 

∆s is the grid spacing of 5680 m. The maximum celerity (g1/2h1/2)  is considered 
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using the equations of  shallow water condition within the 10  metres depth.  The 

model option changes the eddy viscosity (ε) each after 12 minutes and Chezy’s C 

with the changes of depth of the bed level. Due to the changes of the Chezy’s C, 

the bed shear stress or resistance also changes due to the variation of the depth of 

the bed level. 
 

3.5.3 Boundary Condition 
 

The model has two open boundaries: The southern boundary is in the open sea 

located along the line extending from Vishakhapatnam of India to Gwa Bay of 

Myanmar and the northern boundary is in the Lower Meghna River near 

Chandpur. The schematic diagram of the boundary layout of Bay of Bengal 

model are shown in Figure 3.5.2. 

  

 
  

Figure 3.5.2:  Schematic Diagram of Boundary Layout of Bay of Bengal Model 
  

In modeling the hydrodynamic features of Bay of Bengal, it was necessary to 

introduce the time-varying water level variations at the open seaward southern 

boundary and also at the northern boundary. For this purpose, the tidal data were 
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obtained for  Vishakhapatnam (southern boundary), Gwa Bay (southern 

boundary) and Chandpur (northern boundary) to include the initial boundary 

conditions of the model. The tidal data of the stations named Vishakapatnam, 

Gwa Bay and Chandpur were used to set the boundary conditions. The 

corresponding latitude and longitude of the boundary station locations are shown 

in Table 3.5.3. 
  

Table 3.5.3:  Latitude and Longitude of Boundary Station Locations 
 

Boundary Station Name Latitude 

(Degree) 

Longitude 

(Degree) 

Northern Chandpur 23.22 90.67 

 

Southern 

Vishakhapatnam 18.91 84.64 

Gwa Bay 18.91 93.87 
 

 

3.5.4 Model Input Data 
 

Model input data can be divided into following groups: 

• Domain and Time Parameters: 

 Computational square mesh and bathymetry. 

 Simulation length and overall time step. 

• Calibration Factors: 

 Bed ressistance. 

 Momentum correction factors. 

 Wind friction factors. 

 Eddy viscosity coefficient. 

• Initial Conditions: 

 Water surface level. 

 Velocity components. 

• Boundary conditions: 

 Closed. 

 Water level. 

 Discharge. 
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• Other driving forces: 

 Wind speed and direction. 

 Tidal cycle and tidal period. 

 Time phase lag. 
 

3.5.5 Solution Technique by Finite Difference Schemes 

The finite difference method has been used to solve the governing differential 

equations for the hydrodynamic processes. The partial differential equations are 

replaced by finite difference equations on the computational mesh based upon 

Taylor’s series approximation. For a given partial differential equation, there are 

number of different ways in which its finite difference representations can be 

equivalently expressed. These include numerical schemes which progressively 

solve forward, backward or centrally in space, time-marching explicit solutions, 

where the unknown value can be calculated directly from known values without 

solving a matrix; and implicit solutions, where the unknown value is represented 

in terms of other neighbouring unknowns. 

Generally speaking, explicit schemes have more restrictive time step constraints 

than implicit schemes. In order to obtain correct computational predictions, it is 

necessary to analyze the numerical properties associated with the finite difference 

scheme representation including consistency, stability, convergence and 

accuracy.   

The finite difference equation must be consistent with the partial differential 

equation so that both equations describe the same physical phenomena. The finite 

difference scheme must be stable so that the cumulative effects of all round-off 

errors of a computer at any stage of computation are negligible and that the 

computed solutions only differ insignificantly from the exact solutions of the 

finite difference equation. The convergence condition relates the computed 

solution of the finite difference equation to the exact solution of the partial 

differential equation. The accuracy criterion defines the permissible magnitudes 

of the truncation error for a finite difference scheme. A good finite difference 
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scheme should satisfy the first three conditions and maintain a higher order of 

accuracy. 

The particular type of finite difference scheme used in this model is based upon 

the Alternating Direction Implicit (ADI) technique which involves the sub-

division of each time step into two half time steps. Thus a two-dimensional 

implicit scheme can be applied but considering only one dimension implicitly for 

each half time step without the solution of a full two-dimensional matrix. On the 

first half time step, the water elevation, the U velocity component (or the unit 

width discharge) and the solute concentration are solved implicitly in the x-

direction, whilst the other variables are represented explicitly. Similarly, for the 

second half time step, the water elevation, the V velocity component (or the unit 

width of discharge) and the solute concentration are solved for implicitly in the y-

direction, with other variables being represented explicitly. With the boundary 

condition conditions included, the resulting finite difference equations for each 

half time step are solved using the method of Gauss elimination and back 

substitution (Geraid and Wheatly, 1994). 

A space staggered grid system is used, with the variables η (elevation) and S 

(concentration) being located at the grid centre and with U and V at the centre of 

the grid sides as shown in the Figure 3.5.3. The use of a staggered grid system 

prevents the appearance of oscillatory solutions which tend to occur in a non-

staggered grid for space centered differences (Fletcher, 1991). The depths are 

specified directly at the centre of the grid sides so that twice as much bathymetry 

detail can be included as in the traditional way which gives depths at the corners. 

This method also allows bed topography to be represented more accurately 

particularly for non-linear bed variations and complicated bed elevations. 

However, in practice, specification of bed topography is often restricted by 

available data.  
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Figure 3.5.3: Computational space staggered grid system 
 

3.5.6 Model Output 
 

Computed output results of the model at each mesh element and for each time 

step consist of: 

• Basic Variables: 

 Water depth and surface elevation. 

 Flux densities in main directions. 

 Velocities in main directions. 

 Wet and Dry cells in domains. 
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• Additional Variables: 

 Current speed and directions. 

 Sediment fluxes. 
 

3.5.6  Model Development Steps 
 

The numerical model is a long, tedious and iterative procedure. The important 
steps of different DIVAST model activities are schematically shown in Figure 
3.5.3. 
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Figure 3.5.4: Schematic diagram of Model development stages 

3.6     Summary 

In this chapter the tidal theories and related hydrodynamic equations required for 

tidal level simulation has been described. A short description of DIVAST model 

including the solution technique by finite difference scheme has also described 

for the study. The bathymetry of Bay of Bengal of square grid size (5680 m) has 
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been generated. The model input and output including the development stages of 

model are also outlined for the study. 
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CHAPTER 4 

CALIBRATION AND VERIFICATION OF BAY OF BENGAL MODEL 
 

4.1 General 
 

The coastal areas of Bangladesh are different from rest of the country due to its 

unique geo-physical characteristics and vulnerability to several natural disasters 

like cyclones, storm surges, erosion and accretion, SLR etc. Natural hazards are 

increasing with high frequency and intensity along the coastal belt of Bangladesh 

because of the changes in global climate. These extreme natural events are 

termed disasters when they adversely affect the whole environment including 

human beings, their shelters or the resources essential for their livelihoods. 

Again, Meghna estuary is one of the largest estuaries on the earth in terms of 

sediment-water discharge and is located at the central part of the coastline. The 

estuary comprises of a number of deltaic islands and morphologically highly 

dynamic. The tidal behaviour, upland discharges and wind fields vary distinctly 

from season to season. These induce noticeable variation of the hydrodynamics in 

the estuary and adjacent bay region (As-Salek et al., 2001). That is why the 

different locations of Meghna estuary areas will be more vulnerable to the tidal 

level than other coastal areas.  

4.2 Study Area 

Since the astronomical tide is a continuous process in the sea, the tidal oscillation 

is the initial state of the sea for the tidal level simulation. But the difficulty in 

generating the tidal oscillation in a model lies with its variability in amplitude and 

phase. Since different constituents of tide interact among themselves, the 

interaction is characterized by diurnal inequalities as to the high and low water; 

non-periodicity of the tidal oscillation and the variation of tidal amplitude in the 

spring-neap cycle. The complexity of the tidal phenomena is a great constraint in 

generating actual tidal oscillation in the model simulation process. Alternatively, 

the time series of tidal oscillation at each location is required to obtain the water 

level. The tidal information is also available in the Bangladesh tide table as high 

and low values and the time series is generated through a cubic spline 
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interpolation method. However the numerical model DIVAST simulated tidal 

levels will be calibrated and verified at Daulatkhan, Tazumuddin, Hatiya, 

Sandwip, Feni River, Rangadia and Hiron Point locations against the tidal gauge 

stations hourly tidal data. A brief orientation of the selected coastal areas and 

tidal gauge station locations is discussed below.  

4.2.1 Description of Daulatkhan 
 

Daulatkhan Upazila  is located in Bhola district with an area of 316.99 square 

kilometers. It is bounded by Bhola sadar and Laxmipur Sadar upazilas on the 

north, Burhanuddin and Tazumuddin  upazilas on the south,  Ramgati upazila on 

the east, Bhola Sadar upazila on the west. Main River is lower Meghna.  The tide 

enters the Lower Meghna River (LMR) through the East and West Shahbazpur 

Channel and through the Hatia Channel. Fresh water enters the Lower Meghna 

River and is distributed through the Tetulia and Shabazpur channels (WARPO, 

2003). The river discharge is much lower than during the monsoon 

 

       

 

Figure: 4.2.1: Location of Daulatkhan Upazilla (Source: Banglapedia) 
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4.2.2 Description of Tazumuddin  

Tazumuddin upazila is located in Bhola district with an area of 512.92 square 

kilometers. It is bounded by Daulatkhan upazila on the north, Lalmohan and 

Manpura upazilas on the south, Hatia upazila on the east, Burhanuddin upazila on   

the west. Shabajpur Channel covers the half of total area of the upazila. 

 

Figure: 4.2.2: Location of Tazumuddin Upazilla (Source: Banglapedia) 

4.2.3 Description of Hatiya 
 

Hatiya island is an upazila under Noakhali district with an area of 1508.23 sq km 

and the total population is 2,95,501 (source: Banglapedia) which is bounded by 

Bay of Bengal. The nearest mainland areas are Noakhali Sadar and Ramgati 

upazillas on the north and Manpura upazilla on the west.   

                        

                                                                         

 

Figure: 4.2.3: Location of Hatiya Island (Source: Banglapedia) 
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4.2.4 Description of Sandwip 

Sandwip island is an upazila under Chittagong district with an area of 762.42 sq 

km and the total population is 4,00,00 (source: Banglapedia) which is bounded by  

bay of Bengal. The nearest mainland areas are Companigang (Noakhali) upazila 

on the north, Sitakunda and Mirsharai upazilas on the east, Noakhali Sadar 

upazilla, Hatia island and Meghna estuary on the west. A prominent counter-

clockwise circulation is found around the Sandwip Island with a northerly current 

in the Sandwip Channel and southerly current in the southern part of the Hatia 

Channel. The anti-clockwise circulation is mainly forced by tides but is also 

influenced by river discharge (WARPO, 2003). 

                                             

Figure 4.2.4: Location of Sandwip Island (Source: Banglapedia) 

4.2.5 Description of Feni River  

Feni River rises from the hill ranges of the Indian state of Tripura at 23°20'N and 

91°47'E, flows southwest marking the boundary with the Chittagong Hill Tracts, 

then flows west, separating Tripura from Chittagong up to Aliganj and then 

emerges out of the hills and passes through the plains dividing Chittagong from 

Noakhali before falling into the Bay of Bengal at 22°50'N and 91°27'E. 
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Figure 4.2.5: Location of Feni River (Source: Banglapedia) 

4.2.6 Description of Rangadia 

With a view to determining mean sea level (MSL) for the country, Survey of 

Bangladesh has established a tidal gauge station at Rangadia, Chittagong. The 

location of Rangadia is 2 km north of the mouth of Karnafuly River where it 

meets the Bay of Bengal.  

 
 

Figure 4.2.6: Location of Rangadia (Source: Banglapedia) 
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4.2.7 Description of Hiron Point  

Shibsa River  is one of the important rivers of the Sundarbans. The Pasur River  

bifurcates into two at Mongla and the western branch flows through the 

Sundarbans as the Shibsa. The Shibsa has been renamed as the Kunga river near 

the estuary before falling into the Bay of Bengal. Hiron Point is on the right-bank 

of the Shibsa-Kunga River. The total length of the river is about 100 km and 

experiences regular tides. Its water is saline throughout the year. 

 

Figure 4.2.7: Location of Hiron Point (Source: Banglapedia) 

 4.3 Model Calibration  

4.3.1 Necessity of Model Calibration 
 

Calibration means iterative adjustment of the model parameters so that simulated 

and observed responses of the system match within the desired level of accuracy. 

Model parameters require adjustment due to a number of reasons. In reality, all 

models require some degree of calibration to fine tune the predictive ability of the 

model. In a hydrodynamic model, errors may creep in from four potential sources 

(Abramowitz and Stengun, 2003): 
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    (i) Random or systematic error in input data, 

    (ii)   Random or systematic error in output data, 

    (iii)  Error due to incorrect parameter values and 

    (iv)  Error due to incomplete or incorrect model formulation. 
 

During the calibration process, only errors from source (iii) are minimized 

whereas the disagreement between the simulated and observed outputs is due to 

all the four sources. Errors related to (i) and (ii) serve as the ‘background noise’ 

and determine the minimum level of mismatch between the observed and 

simulated outputs. Therefore, the objective of model calibration is to minimize 

the errors from source (iii) until they become insignificant compared to the errors 

from sources (i) and (ii). As far as the fourth source is concerned, every effort has 

to be made to ascertain that the state equation, initial condition and boundary 

condition have been specified correctly. 
 

The modeler should not blindly attempt to minimize the deviations between the 

observed and recorded output values by adjusting the parameters through some 

optimization algorithm. This is likely to produce physically unrealistic parameter 

values. Usually parameter values are adjusted through ‘trial and error’ by running 

the model repeatedly. Sound understanding of physics of the phenomenon and 

experience with similar real world systems can be of great help in determining 

the correct parameter values. For a large number of parameters, it is not realistic 

to try and adjust all the parameters one by one or in combination. A more 

sensible approach is to attempt a coarser simulation using only a few parameters 

whose values are least well known or to which the model shows maximum 

sensitivity (Abramowitz and Stengun, 2003). 

 

4.3.2 Calibration data  
 

The model calibration has been accomplished against measured water level data 

at seven different locations of coastal areas. The seven locations are Daulatkhan 

and Tazumuddin upazilas of Bhola district, Hatiya Island, Sandwip Island, Feni 

River and Rangadia of Chittagong and Hiron Point. The calibration periods are 

selected considering the dry period from 12 January 2008 at 0000 hours to 14 
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January 2008 at 1400 hours. The hourly tidal data of tidal gauge station located at 

Rangadia and Hiron Point has been collected from Survey of Bangladesh (SOB) 

and BIWTA. The tidal data of remaining above mentioned locations has been 

collected from the BWDB (Hourly tidal data of BWDB tidal gauge stations). The 

location of all the tidal gauge stations is summarized in Table 4.3.1. 
 

Table 4.3.1: The Location of Tidal Gauge Stations 
 

 

Hydrodynamic model calibration has been accomplished against water level of 

all the locations by fine tuning the important variable input parameters of higher 

sensitivity with tidal level like : Minimum Renolds number (=1000), value of 

roughness coefficient k (=40 mm), Absolute wind speed (=15 m/s) through the 

calibration process after trial. The numerical model DIVAST simulates the tidal 

level for continuous five tidal cycles where each tidal cycle consists of 12.4 tide 

hours. So, the time of simulation of the model is set for 62 hours for all the 

locations. The time step of 60 seconds is considered to ensure the stability of the 

numerical scheme. The model has attained stability by maintaining the courant 

number (g1/2h1/2∆t/∆s) less than or equal to 1, in which ∆t is the computational 

time step (=60 s) and ∆s is the grid spacing of 5680 m.  
 

As the model area is considerable big and model has the option of selecting only 

one scale of grid spacing so that the each grid size of Bay of Bengal mode is 

Gauge 

Station 

Authority 

Station 

Name 

Latitude 

(Degree) 

Longitude 

(Degree) 

 Calibration Data 

Period 

Simulated 

Duration 

(hrs) 

 

 

BWDB 

Daulatkhan 22.74 90.82  

From 12 Jan 08 

at 0000 hrs to 14 

Jan 08 at 1400 

hrs  

 

 

 62 hrs 

 
 
 

Tazumuddin 22.28 90.82 

Hatiya 22.48 90.95 

Sandwip 22.5 91.41 

Feni River  22.83 91.45 

SOB Rangadia 22.23 91.83 

BIWTA Hiron Point 21.78 89.47 
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similar with observed tidal levels. Although the simulated low tidal levels do not 

exactly coincide with the observed tidal levels but show good agreement with 

negligible deviation. In general the graphical representation of both simulated and 

measured tidal levels at Figure 4.9 shows excellent result. 

It has been noticed that the tidal range (difference between high and low tide) at 

Tazumuddin is around 2 m or little more than 2 m. MES (2001) studies found 

that mean tidal range between Bhola and Hatiya is classified as meso-tidal (2 to 4 

m). The calibration results of our numerical model study classify Tazumuddin as 

meso-tidal region. The west Shahbazpur channel is also termed as ‘fluvial’ at 

Tazumuddin in the sense that LMR outflow dominates over the tidal inflow 

(MES, 2001). The amplitudes of high tidal levels are more and low tidal levels 

are less at Tazumuddin than those of Daulatkhan. 

The dry season is the calm period in the estuary. The wind is weak and the river 

discharge is much lower than during the monsoon. Water movement in the 

estuary is mainly forced by the tide entering from the Bay of Bengal. The 

influence of fresh water on the water circulation is less pronounced than in the 

wet season. Fresh water enters the Lower Meghna River and is distributed 

through the Tetulia and Shabazpur channels. The tide enters the Lower Meghna 

River through the east and west Shahbazpur channel and through the Hatia 

Channel (WARPO, 2003). 
     

4.3.5        Calibration Results at Hatiya 

The tidal gauge station of BWDB is located at north-eastern part of Hatiya Island. 

Hatiya channel flows at eastern side of the Hatiya Island. The simulated tidal 

levels of five continuous tidal cycles from 0000 hours of 12 January 2008 to 1400 

hours of 14 January 2008 have been compared with the measured tidal levels at 

Hatiya Island in Figure 4.3.3.  
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simulated tidal levels have small deviations with the measured tidal levels during 

the recession from flood tides to ebb tides among all the five tidal cycles. 

Moreover, the peak tidal levels at third and fourth simulated tidal cycles are 0.1 

m and 0.15 m higher than measured tidal levels at 27.9 and 52.7 hours 

respectively. The simulated fourth peak tidal level at fifth tidal cycle is 0.04 m 

lower than the observed tidal level. Again at fifth tidal cycle, the simulated tidal 

levels during the recession from flood to ebb tide from 54.25 to 58.9 hours have 

higher values than observed tidal levels but are negligible. The small variations of 

tidal levels do not have significant percentage of errors and results show good 

agreement.  

It has been found that the tidal range (difference between high and low tide) at 

Sandwip Island is more than 4 m in all the tidal cycles. The result in our 

numerical model study classifies Sandwip Island as macro-tidal region in east 

Hatiya channel location. The east Hatiya channel is also termed as ‘fluvio-tidal’ 

in the sense that tidal forces are very much pre-dominant in the area between 

Hatiya and Sandwip.  

A prominent counter-clockwise circulation is found around the Sandwip Island, 

with a northerly current in the Sandwip Channel and southerly current in the 

southern part of the Hatia Channel. The anti-clockwise circulation is mainly 

forced by tides but is also influenced by river discharge. The circulation traps 

fresh water from the river in the estuary and thus increases the residence time. 

This may be the reason for the relatively low salinity in the estuary even during 

the dry season (WARPO, 2003). 

4.3.7        Calibration Results at Feni River 

The tidal gauge station of BWDB is located at Kaliachari at the outlet of Feni 

River where it meets the Bay of Bengal. The simulated tidal levels of 62 hours 

duration from 0000 hours of 12 Jan 2008 to 1400 hours of 14 Jan 2008 have been 

compared with the measured tidal levels at Feni River outlet in Figure 4.3.5. 
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From Figure 4.3.7 the semi-diurnal tidal patterns have been confirmed at Hiron 

Point with the comparison plot of both the measured and simulated tidal levels at 

different time periods. It has been noticed that simulated tidal levels have 

negligible variation with the measured tidal levels during the recession from 

flood tides to ebb tides among all the five tidal cycles. The peak tidal level at 

third simulated tidal cycle is 0.1 m higher than measured tidal level at 27.9 hour. 

The simulated peak tidal levels of second, fourth and fifth tidal cycles are very 

close with the observed tidal levels. It has been found that the tidal range 

(difference between high and low tide) at Hiron Point is more than 2 m. So the 

result of the numerical model study classifies Hiron Point as meso-tidal region. 

Since Hiron Point is a tide dominated area due to the dominance of tidal forces, 

the water is saline throughout the year in the dry season.  

The comparative result of both the measured and simulated tidal levels is very 

close and similar with each other and with negligible deviations for all the seven 

different locations of the coastal areas. The tidal levels of different locations have 

dissimilarity in amplitudes for the difference of geographic configuration and 

variation of depth but represent the semi-diurnal tidal patterns that prevail in 

coastal areas of Bangladesh.  

4.4 Model Verification 

4.4.1 Necessity of Model Verification 

Since most real world models contain a large number of parameters, it is not 

always possible to produce a combination of parameter values which replicate the 

recorded data satisfactorily. However, this does not ensure an adequate model 

formulation or optimal parameter values. The calibration may have been achieved 

purely by numerical curve fitting without considering whether the parameter 

values so obtained are physically reasonable. Moreover, it might be possible to 

achieve multiple calibrations or apparently equally satisfactory calibrations based 

on different combination of parameter values. It is therefore important to find out 

if a particular calibration is satisfactory or which of the several calibrations is the 
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best one by testing (verifying) the model with a different set of data not used 

during calibration (Halim and Faisal, 1995).  

According to Klemes (1986), a simulation model should be tested to show how 

well it can perform the task for which it is intended. Performance characteristics 

derived from the calibration data set are insufficient as evidence of satisfactory 

model operation. Thus the verified or validated data must not be the same as 

those used for calibration but must represent a situation similar to that to which 

the model will be applied operationally. 

A model should be tested for both steady and unsteady conditions (when 

applicable). The basic model structure could be validated by solving simple test 

problems for which analytical solutions exists. A common practice during the 

calibration-validation phase is to conduct ‘split sample test’. This means dividing 

the data into two and using one part to calibrate the model and the other part to 

validate it. The final model should also be transferable to a great extent to another 

problem area having similar characteristics. Finally, sensitivity analysis is 

conducted whenever possible to determine the sensitivity of the simulated results 

to the changes in model parameters. The influence of the length of the calibration 

period on parameter stability should also be checked.        

4.4.2 Verification Data 

The tidal level verification at different locations has also been accomplished at 

Daulatkhan and Tazumuddin of Bhola district, Hatiya Island, Sandwip Island, 

Feni River, Rangadia of Chittagong and Hiron Point. The verification time 

periods have been considered based on spring tide condition at monsoon period 

as shown in Table 4.4.1. 

Table 4.4.1: Time Periods of Tidal Level Verification 

Tidal Condition Verification Periods Simulated Duration

Spring Tide  From 31 May 2009 at 0000 hrs to 

02 June 2009 at 1400 hrs 

62 hrs 
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From Figure 4.4.1 it has been found that both the measured and simulated tidal 

levels (five tidal cycles) at Daulatkhan are very close and similar in tidal patterns 

with each other and has insignificant percentage of deviation. In the fifth tidal 

cycle, the simulated tidal peak at 52.7 hours is 0.20 m higher than the observed 

tidal level. However, all other simulated tidal levels, peaks and troughs at 

different time periods during flood and ebb tides have very similar result with the 

observed tidal levels. The tidal patterns of both the observed and simulated tidal 

levels show the semi-diurnal tidal environment at Daulatkhan. 

It has been also found that the tidal range (difference between high and low tide) 

at Daulatkhan is less than 2 m in all the tidal cycles. It is observed in MES (2001) 

study that Lower Meghna Estuary (LME) is highly influenced by tidal 

interactions and consequential back water effect. As Lower Meghna riverine 

processes likely to dominate the LME and west Shahbazpur channel so that the 

tidal range is lower at Daulatkhan due to insignificant influence of tide. MES 

(2001) also studied that mean tidal range from western boundary of Chandpur up 

to north and west of Bhola is classified as micro-tidal (0 to 2 m). In our study at 

Daulatkhan, the tidal range is less than 2 m and can be classified as micro-tidal 

location. The tidal levels are weak in Daulatkhan because of shallowness of the 

outlet of LMR at the west Shahbazpur channel. 

4.4.4 Verification Results at Tazumuddin 

Tazumuddin is another upazilla at eastern part of Bhola district and located at 

about 23 km south-east of Daulatkhan. West Shahbazpur channel flows on the 

eastern side of Tazumuddin upazila.   For spring tidal condition, the simulated 

five tidal cycles from 0000 hours of 31 May 2009 to 1400 hours of 02 June 2009 

have been compared with the measured tidal levels at Tazumuddin in Figure 

4.4.2. 
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From Figure 4.4.4 the semi-diurnal tidal patterns have been found at Sandwip 

Island location from both the measured and simulated tidal levels at different 

time periods. The measured and simulated tidal levels at Sandwip Island location 

show good result. It is noticeable that simulated tidal levels have negligible 

deviations with the measured tidal levels at all the time periods of computation. 

Except the fourth tidal cycle, all other simulated low tidal levels have little 

deviation and maximum 0.20 m deviation occurs at third tidal cycle from the 

measured value. The recession stage from flood to ebb tides has also higher tidal 

levels at different time periods. Moreover, the simulated peak tidal levels of all 

the tidal cycles are higher than measured peak tidal levels. The small variation of 

tidal levels as mentioned above do not have significant percentage of errors and 

as a whole the result shows good agreement.      

It has been found that the tidal range (difference between high and low tide) at 

Sandwip Island is more than 4 m in all the tidal cycles. MES (2001) studies found 

that mean tidal range between  Hatiya and Sandwip Island is classified as macro-

tidal ( tidal range > 4 m). So the result in our numerical model study also 

classifies Sandwip Island as macro-tidal region in east Hatiya channel location. 

The east Hatiya channel is also termed as ‘fluvio-tidal’ in the sense that tidal 

forces are very much pre-dominant in the area between Hatiya and Sandwip. As 

the tidal forces are pre-dominant we can say that the west Hatiya channel carries 

negligible amount of fresh water flow when compared with tide induced flow in 

this channel. However, the amplitudes of tidal levels are higher in this location. 

4.4.7       Verification Results at Feni River  

Feni River rises from the hill ranges of the Indian state of Tripura at 23°20'N and 

91°47'E, flows southwest marking the boundary with the Chittagong Hill Tracts, 

then flows west, separating Tripura from Chittagong up to Aliganj and then 

emerges out of the hills and passes through the plains dividing Chittagong from 

Noakhali before falling into the Bay of Bengal at 22°50'N and 91°27'E. The tidal 

station of BWDB is located at Kaliachari at the outlet of Feni River where it 

meets the Bay of Bengal. For spring tidal condition, the simulated tidal levels of 

62 hours duration from 0000 hours of 31 May 2009 to 1400 hours of 02 June 
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small variations of simulated low tidal levels but result shows very close and 

similar with the measured tidal levels and has insignificant percentage of errors.  

It has been found that the tidal range (difference between high and low tide) at 

Chittagong around 4 m in all the tidal cycles. MES (2001) studies classified this 

location as macro-tidal (greater than 4 m). So the result in the numerical model 

study also classifies this location as macro-tidal region. However, the amplitudes 

of tidal levels are much higher than those of Daulatkhan and Tazumuddin. 

The verification results of one tidal cycle at Rangadia have also been compared in 

Figure 4.4.7. The verification time period is from 0000 hours to 1300 hours of 31 

May 2009. The observed tidal levels are at one hour interval and the simulated 

tidal levels are at half an hour interval. The comparison plot shows very good 

agreement in result. 

                  

Figure 4.4.7: Verification of One Tidal Cycle at Rangadia. 
 

4.4.9       Verification Results at Hiron Point 

The  tidal gauge station of BIWTA is located at Hiron Point. For spring tidal 

condition, the simulated tidal levels of 62 hours duration from 0000 hours of 31 

May 2009 to 1400 hours of 02 June 2009 have been compared with the measured 

tidal levels at Hiron Point in Figure 4.4.7. 
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Daulatkhan are nearer to MSL making the tidal range less than 2 m. For 

Tazumuddin, low tidal levels are observed little less than MSL and make the tidal 

range higher than 2 m. At Rangadia, peak tidal levels are nearer to 5.5 m 

amplitudes and the low tidal levels much higher with respect to MSL. However, 

the peak tidal levels at Hatiya, Sandwip and Feni River are within 5 m and low 

tidal levels are also much higher than the MSL. Tidal range of more than 4 m is 

observed at Hatiya, Sandwip, Feni River and Rangadia. However, tidal range 

between 2 to 4 m and less than 2 m are observed at Tazumuddin and Daulatkhan 

respectively. Based on classification of tidal ranges, we have already seen that 

tidal ranges at Daulatkhan and Tazumuddin are micro-tidal and meso-tidal 

respectively and macro-tidal region is observed in Hatiya, Sandwip, Feni River 

and Rangadia locations. 
 

It is clear from above discussion that tidal amplitudes (high and low tide 

amplitudes) of Hatiya, Sandwip, Feni River and Rangadia are much higher than 

those of Daulatkhan and Tazumuddin locations.The simulated tidal levels have  

five continuous tidal cycles  of 62 hours duration and each tidal cycle consists of 

12.4 hours. The mean high and low tidal levels of the observed and simulated 

five tidal cycles at different locations are shown in Table 4.5.1. 

Table 4.5.1:  Mean High Tidal Levels during Spring Tidal Condition 

 

      Location 

Mean high tidal level (m MSL) Mean low tidal level (m MSL) 

 

Observed Simulated % of 

Deviation

Observed Simulated % of  

Deviation

Daulatkhan 1.70 1.73 1.73% 0.13 0.14 7.2% 

Tazumuddin 1.87 1.93 3.1% -0.14 -0.13 7.7% 

Hatiya 4.3 4.6 6.5% 0.9 0.98 8.1% 

Sandwip 4.83 5 3.4% 0.79 0.86 8.2% 

Feni River 3.9 4.1 4.9% 0.46 0.5 8% 

Rangadia 5.1 5.4 5.6% 1.7 1.8 5.6% 

Hiron Point 2.1 2.18 3.6% -0.12 -0.13 7.6% 
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The amplitudes of tidal levels are different with the progress of time periods. 

There are flood tide and ebb tide after 6.2 hours in each tidal cycle. As the 

simulation time periods of five tidal cycles are same thereby high tidal levels 

during flood flow and low tidal levels during ebb flow of first, second and third 

tidal cycles are shown to see the variations of the tidal levels across the whole 

domain of the Bay of Bengal model.  

First Tidal Cycle 

The first tidal cycle simulates the tidal levels from 31 May 2009 at zero hours to 

31 May 2009 at 12.4 hours. The high tidal level during flood flow at 3.1 hours are 

shown in Figure 4.5.1.     

                              

                                                                                                Tidal Level (m)                                 

                                                                                          
 

 

Figure 4.5.1:  High Tidal Level during flood flow condition at t= 3.1 hours 
  

From Figure 4.5.1 it has been understood that different amplitudes of tidal level 

are observed across the northern Bay of Bengal model area at flood tidal flow 

condition. There are variation of tidal height and the amplitudes are more along 

the coast than the deep sea.  

 

The low tidal level during ebb flow at 9.1 hours are shown in Figure 4.5.2. 
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                                                                                        Tidal Level (m)  

                         
                                         
             

Figure 4.5.2:  Low Tidal level during Ebb Flow condition at 9.3 hours 
 

  

From Figure 4.5.2 it has been noticed that different amplitudes of tidal level are 

observed across the northern Bay of Bengal model area at ebb tide condition. 

There are variation of tidal height and the amplitudes are also more along the 

coast than the deep sea.  
 

Second Tidal Cycle  

The high tidal level during flood flow at 15.5 hours are shown in Figure 4.5.3. 

                  

 
 

Figure 4.5.3: High tidal Level during Flood Flow condition at t= 15.5 hours 

-3 

-2 

0

2.5 

5.1 

-1

0 

0..5

1.0 

1.4 

Chandpur 

 Gwa Bay 

 Gwa Bay 

Chandpur 

Vishakapatnam 

Vishakapatnam 

Bhola 

Bhola 

Bhola 

Chittagong 

Chittagong 

Magway 

Munaung 

Bhubaneswar 

Baruva 

Magway 

Munaung 

Bhubaneswar 

Baruva 



84 
 

From Figure 4.5.3 it has been understood that different amplitudes of tidal level 

are observed across the northern Bay of Bengal model area at flood tidal flow 

condition. There are variation of tidal height and the amplitudes are more along 

the coast than the deep sea.  
 

The low tidal level during ebb flow at 21.7 hours are shown in Figure 4.5.4. 
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  Figure 4.5.4:  Low Tidal level during Ebb Flow condition t= 21.7 hours 
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observed across the northern Bay of Bengal model area at ebb tide condition. 

There are variation of tidal height and the amplitudes are also more along the 

coast than the deep sea.During ebb tide the tides move seaward. 
 

Third Tidal Cycle 

The third tidal cycle simulates the tidal levels from 24.9 hours to 37.2 hours. The 

high tidal level during flood flow at 27.9 hours are shown in Figure 4.5.5. 
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Figure 4.5.5: High tidal Level during Flood Flow condition at t= 27.9 hours 
 

The low tidal levels during ebb flow at 34.1 hours are shown in Figure 4.5.6. 
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  Figure 4.5.6: Low Tidal level during Ebb Flow condition t=34.1hours 
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There are variation of tidal height and the amplitudes are also more along the 

coast than the deep sea.During ebb tide the tides move seaward. 
 

The simulated tidal patterns in different locations of coastal areas are observed 

semi-diurnal type with two high and two low water levels occurring daily. The 

period of the tide is approximately 12 hours 24 minutes. The tidal range 

(difference between high and low water level) varies with time. The tide with the 

highest range is referred to as spring tide occurring every 14 days. The tide with 

the lowest range is referred to as neap tide occurring midway between two spring 

tides. 
 

MES (2001) made the classification in their technical note ‘Hydro-Morphological 

Dynamics of the Meghna estuary’ with reference to J H Davies. Davies in his 

article “A Morphological Approach to the World of Shorelines (Zeotschrift fuer 

Geomorphologie 8; page 127-142), 1964” presented a standard classification of 

tidal ranges and based on that  the Meghna estuary can be divided into 3 zones: 

• Tetulia River – Chandpur: Micro-tidal zone (tidal range 0 – 2 m), 

• South Bhola – Hatia North: Meso-tidal zone (tidal range 2 – 4 m), 

• East Hatia - Sandwip: Macro-tidal zone (tidal range > 4 m). 
 

The simulated tidal range variations in the six different locations are also similar 

to the classification of tidal ranges of MES (2001) study and can be divided into 3 

regions as mentioned above. 

 
 

Figure 4.5.7: Location Map of Meghna Estuary (Source: WARPO, 2003). 
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MES (2001) studied that the variation from neap to spring tide is approximately 

0.6 to 1.4 of the average range. There is a large spatial variation of the average 

tidal range in the estuary, from approximately 1.5 m in the west to over 4 m in the 

Sandwip Channel. The numerical model DIVAST simulated the five tidal cycles 

for spring tidal condition at monsoon period (June 2009) and tidal ranges are 

found below 2 m at Daulatkhan and over 4 m at Sandwip, Hatiya, Feni River and 

Rangadia. So the simulated tidal levels are also similar to Meghna estuary study 

results. 
 

Tides in Bangladesh coast originate in the Indian Ocean. It enters the Bay of 

Bengal through the two submarine canyons, the ‘Swatch of No Ground’ and the 

‘Burma Trench’ and thus arrives very near to the 10 fathom contour line at Hiron 

Point and Cox’s Bazar respectively at about the same time (As-Salek and Yasuda, 

2001). Extensive shallowness of the north-eastern bay gives rise to partial 

reflections thereby increasing the tidal range and the friction distortions 

concurrently. Large seasonal effects of meteorological origin coupled with the 

complexity of the non-linear shallow water interaction give rise to considerable 

number of higher harmonics. All such higher harmonic terms are needed in 

predicting tide to make it as nearly representative as possible. Besides numerous 

inlets, there are six entrances of major importance through which tidal waves 

penetrate into the waterways system in Bangladesh and these are: i) The Pussur 

Entrance; ii) Harin Ghata Entrance; iii) The Tentullia Entrance; iv) The 

Shahbazpur Entrance; v) The Hatia River Entrance and vi) The Shandwip 

Channel Entrance. Strong tide in the north of Sandwip is caused by the 

shallowness and funnel effect in the Hatiya river. The spring range here is more 

than 4 m at upstream of Sandwip. 

The geomorphology of the coastal areas plays a very important role in tide 

propagation from the coastline towards inland. Tidal waters travel longer 

distances on the plain land with low surface slopes compared to plain land with 

moderate to steeper slopes. Coastal flooding from the tide is directly influenced 

by the variation in elevation and surface form. Therefore, there is a clear relation 

between geomorphology and tidal water height. The higher the elevation of the 
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surface form and steeper the slope, the lower the penetration of tidal waters 

inland and vice versa. The coastal morphology of Bangladesh is dominated by: (i) 

a vast network of rivers; (ii) an enormous discharge of river water heavily laden 

with sediment; (iii) a large number of off-shore islands and sand bars; (iv) the 

Swatch of No-Ground running NE-SW partially across the continental shelf 

about 24 km south of the Bangladesh coast; (v) a funnel shaped, shallow and 

wide estuary; (vi) a gently sloping wide continental shelf; (vii) a narrow strip of 

coastal landforms fronting hill ranges; (viii) strong tidal actions and (ix) frequent 

landfall of tropical cyclones (Source: Banglapedia). 

Tidal waves travelling upstream of the estuary undergo deformation due to the 

bed resistance and difference in the propagation speed at different water depths 

(wave travels faster at greater depths). The most extreme form of this 

deformation is a so-called tidal bore, where due to the difference in the 

propagation speed between the top and the trough of the tidal wave, the top 

travels so much faster that it actually overtakes the trough. The result is a 

breaking tidal wave, a nearly vertical front of water moving upstream with a 

roaring sound. The form of the estuary also influences the waves. The Sandwip 

channel has a funnel shape, which causes a significant amplification of the tidal 

wave towards the upper end of the channel (Source: Banglapedia). 
 

Water movement in the Meghna Estuary and in the coastal zone of Bangladesh is 

determined by the influences of fresh water flow from the rivers, tide coming 

from the Bay of Bengal, and meteorological conditions (low pressure systems, 

wind, storms and cyclones). The mean tidal level varies significantly over the 

year. The seasonal variation in the mean high water level (from dry to wet 

season) decreases distinctly along the Lower Meghna Estuary towards the south. 

The mean water level close to the sea increases by approximately 0.6 m during 

the monsoon due to the wind set-up and low air pressure, causing an increase in 

the mean water level in the Bay of Bengal (WARPO, 2003). 
 

Most of the fresh water from the Lower Meghna River is conveyed towards the 

Bay of Bengal through the western part of the estuary: upper and mid-estuary, 

Tetulia and the Shahbazpur Channel west of Hatia Island. The eastern part of the 
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estuary is mainly influenced by the tide and much less by the fresh water flow 

from the river system. A prominent counter-clockwise residual circulation is 

present around Sandwip. This circulation is strongly dependent on the seasons 

(monsoon vs. dry). The water flow is generally very strong and turbulent. Current 

velocities up to 4 m/s have been observed in the Sandwip Channel during spring 

tide and in the upper reach of the Lower Meghna during high monsoon. Waves 

generally play a less important role in the Meghna Estuary. Wave conditions are 

rather mild, as the energy is dissipated on the shallows of the estuary. However, 

during heavy storms, and in particular during cyclones, high waves can build up 

and pose a threat to life and property (WARPO, 2003). 
 

The dry season is the calm period in the estuary. The wind is weak, and the river 

discharge is much lower than during the monsoon. Water movement in the 

estuary is mainly forced by the tide entering from the Bay of Bengal. The 

influence of fresh water on the water circulation is less pronounced than in the 

wet season. Fresh water enters the lower Meghna River and is distributed through 

the Tetulia and Shabazpur channels. The tidal water enters the estuary from the 

south. At the eastern side, the tidal wave travels faster in the deep Sandwip 

channel than over the shallows west of Sandwip Island. The tide enters the Lower 

Meghna River through the east and west Shahbazpur channel and through the 

Hatia Channel (WARPO, 2003).  
 

Tidal heights are more severe and hazardous during the cyclone and propagate 

with more amplitude towards the coast. The surges move toward the coast as long 

waves. Storm surges are not appreciable in the deep sea until they reach the 

continental shelf which is 150 km to 300 km long from the coastline of 

Bangladesh. The important factor, which causes amplification of the height of a 

cyclonic storm surge is the long and shallow continental shelf of the Bay of 

Bengal. The height of storm surges also depends on the tidal cycle. If a storm 

approaches the coast during the high tide, the surge will be higher than if it 

approaches during the low tide. In the Meghna estuary, storm surges propagate 

deep into the mainland through the river channels and the heights are 

comparatively greater than any other parts of the coast (IWM, 2009). 
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A prominent counter-clockwise circulation is found around the Sandwip Island 

with a northerly current in the Sandwip channel and southerly current in the 

southern part of the Hatia channel. The anti-clockwise circulation is mainly 

forced by tides but is also influenced by river discharge. The circulation traps 

fresh water from the river in the estuary and thus increases the residence time. 

This may be the reason for the relatively low salinity in the estuary even during 

the dry season. During monsoon, the south-westerly monsoon wind is steady and 

the river discharge is high. Furthermore, the mean water level is higher than that 

of the dry season due to the low atmospheric pressure systems in the Bay of 

Bengal (WARPO, 2003). The Lower Meghna River pours several tens of 

thousands of discharges into the bay through the Tetulia, Shahbazpur channel and 

Hatia channel. These huge volumes of fresh water modify the dry season water 

circulation mainly induced by tides. The tidal waters enter the estuary from the 

south. The flow patterns in the eastern part of the estuary are similar to the 

patterns observed during the dry period. This area is clearly dominated by the 

tide. 
 

The triangular shape at the head of the Bay of Bengal helps to funnel the sea 

water pushed by the wind towards the coast and causes further amplification of 

the tidal levels. This is basically what happens in the amplification of tidal levels 

on the Bangladesh coast. The tidal waves belong to the class of long gravity 

waves. Their speed of propagation is given by the square root of the product of 

the acceleration due to the earth's gravity and the local water depth. In deep 

water, the long gravity wave propagates much faster than the speed with which 

the weather system travels. Thus, the weather system cannot keep up with the 

water wave and hence cannot impart any momentum. But on the continental 

shelf, where the water depth is smaller, the gravity wave travels much slower 

than in deep water and a significant transfer of energy from the weather system to 

the water wave occurs by resonance. Hence, the tides which have zero amplitude 

in the deep water, quickly builds up to several meters amplitude on the shallow 

continental shelf. As this amplified water level approaches the coast, the coastal 

areas become flooded with tidal water in extreme situations. 
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Once tides are generated, a number of local factors contribute to their 

amplification. Contributions from some of such factors are discussed below in the 

context of Bangladesh (CERP, 2000). 
 

• Shallow Water Effect:   Tidal levels are mostly shallow water phenomena. 

The amplitude or height of tidal level depends inversely on the depth of 

water. 

• Coriolis Effect:    The Coriolis force due to the rotation of the earth has a 

minor contribution to tidal levels modification or amplification. This force 

acts to the right of the direction of water motion in the Northern 

Hemisphere and to the left in the Southern Hemisphere. For example, if 

tidal water is moving northward in the northern Bay of Bengal, it will be 

deflected towards the east, thereby increasing tidal height along the east 

coast. 

• Convergence Effect: Tidal water height is directly proportional to 

convergence. Convergence leads to amplification (Proudman, 1955). 

Because of the northward converging nature of the Bay of Bengal, tidal 

water is funneled towards Bangladesh in the north leading to 

amplification of tidal height. 

• Seasonal Variation on Tidal Height:   Tidal range in Bangladesh shows a 

gradual increase from west to east to reach a maximum at the Meghna 

estuary and then it decreases south eastward. Tidal amplitude varies in 

different seasons along the coast of Bangladesh. During the monsoon time 

a large volume of water discharges through the Meghna estuary and other 

distributary channels. This non-saline water when mixes up with the 

saline water of the bay, cause an increase of the volume of the water and 

consequently the tidal amplitudes are increased. Pattalo et al. (1989) 

estimated an increase of tidal height above the normal height between 60 

cm to 100 cm during the monsoon period. When this high tide level 

(during the months of October and November) coincide with the storm 

surge, the impact becomes severe, especially around the estuary. Tide and 

surges are not linearly additive but interactive. This means that if, for 
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example, a 5m surge is superimposed on a 5m tide, the total height will 

not be 10m. Tides modify the surge amplification. 

 

• River Effect:  A river system can have a number of effects on tidal height. 

Firstly, the presence of rivers has a negative effect on tidal height 

amplification. If there were no rivers, then the tidal heights in the coast 

would be higher. Secondly, fresh water discharge through rivers will 

modify the sea surface elevation. Thirdly, the presence of a number of 

waterways allows a deep inland penetration of tidal water originating in 

the Bay. A consequence of this is an inland flood hazard and saline water 

intrusion, which may extend over several hundred of kilometres. Lastly, 

the tidal water has a back water effect on river discharges. This is 

particularly important during flood periods. The back water effect slows 

down the discharge rates and thus making the flood situation more 

disastrous. 

• Island Effect:  The presence of offshore islands plays an important role in 

tidal height modification. Some of these may be identified as:  i) The 

channels in between the islands confine the water within them and compel 

it to pass through them (until the island becomes inundated) and thereby 

causing tidal height amplification; ii) islands act as barriers to impending 

tidal water which may lead to surge amplification; and iii) islands may 

also retard the outflow of tidal water back to the Bay. 
 

4.6  Summary 
 

In this chapter the study area of Bay of Bengal has been described. The 

calibration and verification of model has been done against measured tidal levels 

of tidal gauge stations at six different locations of coastal areas in different time 

periods. The high and low tidal levels at spring tidal condition during monsoon 

period including the analysis of result have also been discussed for verification of 

simulated tidal levels for the study. 
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CHAPTER 5 

COMPARISON OF TIDAL LEVELS WITH OTHER STUDY 

5.1 General 

The demarcation of coastal zone in Bangladesh is based on three basic natural 

systems of processes and events that govern opportunities and vulnerabilities in 

the coastal zones. The criteria are: tidal fluctuations, salinity intrusion and 

cyclone and storm surge risk. It consists of 19 administrative districts of which 12 

districts demonstrate all three criteria and are defined as Exposed Coast. The 

remaining seven districts, where one or two of the criteria are observed, are 

defined as Interior Coast. The coastal region of Bangladesh is marked by 

morphologically dynamic river network, sandy beaches and estuarine system. 

The interaction of huge fresh water and sediment load coming from the upstream 

river system and saline waterfront penetrating inland from the sea are the key 

factors for a vulnerable coastline. Different modeling studies like: Impact 

assessment of climate change on the coastal zone of Bangladesh (IWM, 2005); 

Salinity intrusion, coastal and fluvial flood modeling (Khan et al., 2006); Impacts 

of climate change and sea-level rise on cyclonic storm surge floods in 

Bangladesh (Karim and Mimura, 2008); Residual flow in the Meghna Estuary on the 

coastline of Bangladesh (Jacobsen et al., 2002) etc have been carried out to asses 

various impacts and vulnerabilities of our coastal region. 
 

5.2 Comparison of Tidal level with other Study 
 

In the previous chapter, the calibration and verification of the numerical model in 

Bay of Bengal are discussed at seven different locations in details. Now the 

simulated tidal levels at three other different locations will also be compared with 

other studies to fulfill the last objective. There is no absolute single study found 

about numerical simulation of tidal levels in coastal region but simulated tidal 

levels are used either to calibrated or validate the model in other studies. The 

hydrodynamic model of Bay of Bengal generated by IWM with MIKE 21 has 

been utilized in different studies to assess the vulnerability of different natural 

hazards like SLR, Storm surge, salinity intrusion, sediment dynamics, tsunami etc 
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in the coastal areas of Bangladesh. In all the studies, the hydrodynamic model of 

Bay of Bengal has been calibrated or validated against either water level or 

discharge data in different locations at different time periods. So the DIVAST 

model simulated tidal levels have also been compared with the simulated tidal 

levels by MIKE 21 FM of other studies in different locations. The subsequent 

comparison of tidal levels has been discussed in the following sections. 
 

5.3 Comparison with ‘Climate Change Modeling’ study (CCC, 2009) 
 

Climate Change Cell (CCC) of Department of Environment (DoE) carried out 

study on climate change prediction modeling for ‘Impact assessment of climate 

change causing increased rainfall and sea level rise on monsoon flooding’ in 

collaboration with Ministry of Environment and Forests, Comprehensive Disaster 

Management Program (CDMP) and Ministry of Food and Disaster Management. 

The final report has been published in CCC, 2009. 
 

Comprehensive Disaster Management Programme (CDMP) engaged IWM to 

carry out the ‘Impact assessment of climate change causing increased rainfall and 

sea level rise on monsoon flooding’ based on the recommendations of the Fourth 

Assessment Report (AR4) of the Intergovernmental Panel on Climate Change 

(IPCC). The Fourth IPCC report was approved in 2007 described the current state of 

understanding of the climate system and provides estimates of its projected future 

evolution and their uncertainties. However we will highlight only the hydrodynamic 

model of Bay of Bengal of this study developed by IWM for making subsequent 

comparison of tidal levels. 
 

The software used for the development of the mathematical model of Bay of 

Bengal is MIKE21 FM module of DHI Water and Environment. The MIKE 21 

FM model system is based on an unstructured flexible mesh consisting of linear 

triangular elements. The numerical hydrodynamic model is founded on a 

combination of specific regional information (data) and a generic numerical 

modelling system MIKE 21 FM. A two dimensional depth integrated numerical 

model the Meghna Estuary and Bay of Bengal has been applied in this study. 
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The coverage of the model area starts from Chandpur on Lower Meghna river to 

16o latitude in the Bay of Bengal. The model applies PWD datum which is 0.46m 

higher than MSL. The grid or mesh size decreases (or the resolution increases) 

towards coastlines and islands. Two open boundaries are identified in the model, 

one in the north in the Lower Meghna River at Chandpur and one in the south in 

the southern Bay of Bengal. The Bay of Bengal is quite deep and the maximum 

depth along the southern open boundary is more than 2000 m.  
 

The hydrodynamic model of this study was calibrated and validated against the 

measured water level and discharge data for both dry and monsoon periods. The 

model was calibrated with discharge data of north Hatiya and water level data of 

Charchenga during the dry period (February 2006) and the monsoon period 

(September 1997). The validation of the model was done against discharge data 

of north Hatiya and water level data of Ramgati during the dry period (November 

2003). However, the simulated dry period water level at Charchenga and Ramgati 

has only been considered for showing the comparison and discussed below. 
 

5.3.1 Comparison at Charchenga 
 

The calibration of hydrodynamic model of Climate change modeling study was 

done against the water level data at Charchenga during the dry periods from 14 

February 2006 at 1200 hours to 18 February 2006 at 1400 hours. As our model 

simulated tidal levels consist of five tidal cycles of continuous 62 hours duration, 

so the time periods from 1200 hours of 14 February 2006 to 0200 hours of 17 

February 2006 have been considered for making the comparison of simulated 

tidal levels at Charchenga. The comparison plot of MIKE21 and DIVAST model 

simulated tidal levels is shown in Figure 5.3.1.  
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Figure 5.3.1: Tidal level Comparison at Charchenga 
 

From Figure 5.3.1 the semi-diurnal tidal patterns have been observed at 

Charchenga in the comparison plot of both the MIKE21 and our model simulated 

tidal levels at different time periods. The comparison of simulated tidal levels at 

Charchenga shows good result. It is found that simulated tidal levels have small 

deviations with the MIKE21 generated tidal levels during the recession from 

flood tides to ebb tides in the first, second and fifth tidal cycles. Moreover, the 

peak tidal levels at first and second simulated tidal cycles are 0.10 mPWD and 

0.20 mPWD higher than MIKE21 simulated tidal levels at 6 and 18 hours 

respectively. There is slight variation of tidal levels during the transition from ebb 

tides to flood tides in the third and fourth tidal cycles. The low tidal levels at 

different time periods are very close to each other. All the deviations of tidal 

cycles as mentioned above are very insignificant and as a whole the result shows 

good agreement.      

It has been found that the tidal range (difference between high and low tide) at 

Charchenga is more than 2 m in all the tidal cycles. MES (2001) studies found 

that mean tidal range at Charchenga is classified as meso-tidal (Tidal range is 

between 2 to 4 m). The result of the comparison plot of simulated tidal levels also 

classifies the Charchenga location as meso-tidal region. The amplitudes of high 
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tidal levels are more than 2 mPWD and low tidal levels are between -0.5 m PWD 

and -1.0 m PWD in all the tidal cycles.  

5.3.2 Comparison at Ramgati 
 

The validation of hydrodynamic model of Climate change modeling study was 

done against the water level data at Ramgati during the dry periods from 17 

November 2003  at 1700 hours to 24 November 2003 at 0000 hours. As our 

model simulated tidal levels consist of five tidal cycles  of continuous 62 hours 

duration, so the time periods from 1700 hours of 17 November 2003 to 0700 

hours of 20 November 2003 have been considered for making the comparison of 

simulated tidal levels at Ramgati. The comparison plot of MIKE21 and DIVAST 

model simulated results is shown below in Figure 5.3.2.  

  

Figure 5.3.2: Tidal Level Comparison at Ramgati 

From Figure 5.3.2 it has been found that both the MIKE21 and model simulated 

tidal levels (five tidal cycles) at Ramgati are very close and similar in tidal 

patterns with each other and has insignificant percentage of deviation. The 

simulated tidal peaks at 15.5 hours and 27.9 hours are little higher than the 

generated tidal levels of MIKE21. However, all other simulated tidal levels, 

peaks and troughs at different time periods during flood and ebb tides have very 

similar result. The tidal patterns of both the mike21 and model simulated tidal 

levels show the semi-diurnal tidal environment at Ramgati. 
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It has been also found that the tidal range (difference between high and low tide) 

at Ramgati is less than 2 m in all the tidal cycles. It is observed in MES (2001) 

study that Lower Meghna Estuary (LME) is highly influenced by tidal 

interactions and consequential back water effect. As Lower Meghna riverine 

processes likely to dominate the LME and west Shahbazpur Channel so that the 

tidal range is lower at Ramgati due to insignificant influence of tide. MES (2001) 

also studied that mean tidal range from western boundary of Chandpur up to 

north and west of Bhola is classified as micro-tidal (0 to 2 m). In our study at 

Ramgati, the tidal range is less than 2 m and can be classified as micro-tidal 

location. 

5.4  Comparison with ‘Tsunami and Storm Surge Modeling’ Study (IWM, 

2009) 
 

In August 2006, the European Commission and UNDP signed a cooperation 

agreement related to the funding of three new components within the CDMP 

framework. Component 4a: Earthquake and Tsunami Preparedness is one of 

them. CDMP commissioned Institute of Water Modelling (IWM) to carry out this 

study titled “Use existing data on available digital elevation models to prepare 

useable tsunami and storm surge inundation risk maps for the entire coastal 

region” in December 2007. The final report titled ‘Tsunami and storm surge 

inundation of the coastal area of Bangladesh’ published in Volume-1 of IWM, 

2009.   
 

Since 1995, IWM is maintaining the two-dimensional Bay of Bengal Model. The 

first version of the model was applied in Cyclone Protection Project (CPP, 1991) 

and was further developed as a part of the Cyclone Shelter Preparatory Study 

(CSPS, 1998). The model was further updated as a part of second Coastal 

Embankment Rehabilitation Project (2nd CERP, 2000). The storm surge 

modelling study has been done based on the two-dimensional Bay of Bengal 

Model of Second CERP. In this study the model has been updated with existing 

data and upgraded in 200 m grid resolution incorporating Sundarban area and it 

has been extended to the sea up to 16º latitude. 
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The hydrodynamic model of Bay of Bengal is two way nested and includes four 

different resolution levels (Coarse, Intermediate, Fine and 200 m grid) in 

different areas. The coastal region of Bangladesh and the Meghna estuary are 

resolved on a 200 m grid. The model has two open boundaries: one is in the 

Lower Meghna River near Chandpur and another one is in the open sea located 

along the line extending from Vishakhapatnam of India to Gwa Bay of Myanmar. 

In the river boundary measured water level has been prescribed and in the sea 

boundary predicted water level has been used. 
 

The storm surge model was calibrated and verified during CSPS and 2nd CERP. 

In this study the model has been validated against water level for the cyclone of 

2007 at Hiron Point, for the cyclone of 1998 at Charchenga and Khepupara and 

for the cyclone of 1988 at Khepupara. However, the simulated water level 

(November 2007) at Hiron Point has only been considered for showing the 

comparison and discussed below. 
 

5.4.1 Comparison at Hiron Point 
 

The validation of hydrodynamic model of storm surge modelling study was done 

against the water level data at Hiron Point during the dry period from 1800 hours 

of 14 November 2007 to 0800 hours of 17 November 2007. The simulated tidal 

levels by MIKE 21 of this time periods have been considered for making the 

comparison at Hiron Point. The comparison plot of MIKE21 and DIVAST model 

simulated tidal levels is shown below in Figure 5.4.1.  

  
Figure 5.4.1: Tidal Level Comparison at Hiron Point 
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From Figure 5.4.1 the semi-diurnal tidal patterns have been observed at Hiron 

Point in the comparison plot of both the MIKE21 and our model simulated tidal 

levels at different time periods. The comparison of simulated tidal levels at Hiron 

Point shows good result. It is found that simulated tidal levels have small 

deviations with the MIKE21 generated tidal levels during the recession from 

flood tides to ebb tides in the first and third tidal cycles. Moreover, the peak tidal 

levels at third and fifth simulated tidal cycles are 0.10 mPWD and 0.15 mPWD 

higher than MIKE21 simulated tidal levels at 29.45 hrs and 55.8 hours 

respectively. There is slight variation of tidal levels during the transition from ebb 

tide to flood tide in the third tidal cycle. The low tidal levels at different time 

periods are very close to each other. All the deviations of tidal cycles are very 

insignificant and the results show good agreement. It has been found that the tidal 

range (difference between high and low tide) at Hiron Point is nearer to 2 m in all 

the tidal cycles. The amplitudes of high tidal levels are more than 1.5 mPWD and 

low tidal levels are less than -0.5 mPWD in all the tidal cycles.  

5.5 Discussion of the Results 
 

The hydrodynamic model of Bay of Bengal developed by IWM is two way 

nested and includes four different resolution levels (Coarse, Intermediate, Fine 

and 200 m grid). The coastal region of Bangladesh and the Meghna estuary are 

resolved on a 200 m grid. The software used for the development of the 

mathematical model of Bay of Bengal is MIKE21 FM module of DHI Water and 

Environment. The MIKE 21 FM model system is based on an unstructured 

flexible mesh consisting of linear triangular elements. The hydrodynamic model 

of Bay of Bengal has been developed with DIVAST model based on the 

FORTRAN program in this study. The total model area of Bay of Bengal has one 

resolution based on the coarse grid consists of 5680 m square grid size each. So 

the coastal region of Bangladesh and adjacent areas are not more defined or 

details like MIKE 21 model and some of the small islands are omitted in the 

model area. However, the simulated tidal levels of both the models are very close 

and nearer with insignificant percentage of deviations at Charchenga, Ramgati 

and Hiron Point. 
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Charchenga is located at the central region of Meghna estuary at south-west of 

Hatiya Island. The Hatiya channel flows in the western side of Charchenga. As 

the simulated tidal levels are based on the spring tidal conditions at dry period so 

the tidal amplitudes will be less than the monsoon period. The location is tidal 

force dominated area as Hatiya channel is likely to receive less amount of fresh 

water from the lower Meghna River at this dry period and shows the meso-tidal 

region. More tidal amplitude is likely to be seen in this area during monsoon 

period due to the interaction of huge amount of discharge from the lower Meghna 

River and tidal water from the deep sea.   
 

The simulated tidal levels of our model are compared with the simulated tidal 

levels of MIKE21 FM model output at Hiron Point. Hiron Point is located south-

western part of our coastal region at the right bank of Sibsa River and is outside 

of the Meghna estuary. So the comparison at this location gives a clear picture 

about the tidal patterns and fluctuations of tidal height outside the Meghna 

estuary also. Shibsa River is one of the important rivers of the Sundarbans. 

The Pasur bifurcates into two branches at Mongla and the western branch flows 

through the Sundarbans as the Shibsa. The Shibsa has been renamed as the 

Kunga River near the estuary before falling into the Bay of Bengal. Hiron Point is 

on the right-bank of the Shibsa-Kunga. Inside the Sundarbans, the Shibsa meets 

with the Pasur and receives various rivulets and khals from various directions and 

enriches its flow. The Pasur river experiences regular tides and Hiron Point is a 

tide dominated area.  

5.6 Summary 

In this chapter the simulated tidal levels have been compared with the tidal levels 

generated by IWM of other studies with MIKE 21 FM software. The tidal levels 

have been compared with ‘Climate Change Modelling’ study (CCC, 2009) at 

Charchenga and Ramgati during the dry period. Finally a comparison plot of tidal 

levels has also been shown with tidal levels of Hiron Point during the dry period 

of ‘Tsunami and Storm Surge Modelling’ study (IWM, 2009). 
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CHAPTER 6 

CONCLUSIONS AND RECOMMENDATIONS 

6.1 General 

The coastal areas of Bangladesh are different from other parts of the country due 

to its unique geo-physical characteristics and vulnerabilities. The tidal behaviour, 

upland discharges and wind fields vary distinctly from season to season and show 

noticeable variation of the hydrodynamics in the estuary and adjacent bay region. 

 6.2 Conclusions 

1. The tidal levels of different coastal area locations have been verified at 

Daulatkhan, Tazumuddin of Bhola district, Hatiya Island, Sandwip Island, 

Feni River, Rangadia of Chittagong and Hiron Point based on spring tide 

condition during monsoon period. The peak tidal levels at Daulatkhan, 

Tazumuddin are found less than 2 m and at Hiron Point less than 2.5 m 

with respect to MSL. The low tidal levels at Daulatkhan are found nearer 

to MSL. For Tazumuddin and Hiron Point, low tidal levels are observed 

little less than MSL. At Rangadia, peak tidal levels are nearer to 5.5 m 

amplitudes and the low tidal levels much higher with respect to MSL. 

However, the peak tidal levels at Hatiya, Sandwip and Feni River are 

within 5 m and low tidal levels are also much higher than the MSL. 
  

2. Tidal ranges of more than 4 m are observed at Hatiya, Sandwip, Feni 

River and Rangadia. However, tidal range between 2 to 4 m are observed 

at Tazumuddin, Hiron Point and less than 2 m at Daulatkhan. 
 
[ 

3. The percentage of deviations between observed and simulated mean high 

tidal levels at Daulatkhan, Tazumuddin, Hatiya, Sandwip, Feni River, 

Rangadia and Hiron Point are found 1.73%, 3.1%, 6.5%, 3.4%, 4.9%, 

5.6% and 3.6% respectively. The percentage of deviations between 

observed and simulated mean low tidal levels at Daulatkhan, 

Tazumuddin, Hatiya, Sandwip, Feni River, Rangadia and Hiron Point are 

found 7.2%, 7.7%, 8.1%, 8.2%, 8%, 5.6% and 7.6% respectively. 
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4. The tides in different coastal area locations of Bangladesh are found semi-

diurnal in nature with two successive tidal cycles per lunar day 24 hours 

48 minutes duration and each cycle having a period of 12 hours 24 

minutes. The tidal amplitudes increase at the different coastal shoreline 

areas than the deep sea due to the funneling and converging effects. The 

triangular shape at the head of the Bay of Bengal helps to funnel the sea 

water pushed towards the coast and causes amplification of the tidal levels 

at the exposed low lying coastal areas. In general, the tidal range 

decreases gradually growing from east to west. 
 

5. The Bay of Bengal model has constant grid spacing of 5680 m. The 

southern boundary is in the open sea located along the line extending 

from Vishakhapatnam of India to Gwa Bay of Myanmar and the northern 

boundary is in the Lower Meghna River near Chandpur. Due to the larger 

grid spacing the Lower Meghna River is shown in one grid and some of 

the small islands and chars are omitted in the model area. 
 

6. The DIVAST model simulated tidal levels have also been compared with 

the simulated tidal levels by MIKE 21 FM of other studies in different 

locations. A comparison plot of DIVAST model simulated tidal levels 

with the MIKE 21 FM generated tidal levels at Charchenga and Ramgati 

of ‘Climate Change Modelling’ study (CCC, 2009) and at Hiron Point of 

‘Tsunami and Storm Surge Modelling’ study (IWM, 2009) shows good 

agreement in results. 
 

7. The numerical model DIVAST is very effective to simulate the tidal 

levels of different coastal area locations. The model may be used in future 

to simulate flow velocities, sediment transport, water quality processes etc 

of different coastal area locations. 

6.3 Recommendations 

Verification of simulated tidal levels has been carried out in this research work 

based on real data of tidal gauge stations and the results are already been 
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discussed. Some recommendations can be summarized as part of the ongoing 

research for simulation of tidal levels at selected coastal areas of Bangladesh.  

1. Similar studies can be carried out with other numerical models to simulate 

the tidal levels of the coastal region and the results can be compared with 

the results of the research work. 

2. Bathymetry data of 2001 has been used in this research work. Inclusion of 

more recent and up to date bathymetry will improve the reliability of the 

model results of this research work. 
 

3. DIVAST model has the option of selecting one grid size through out the 

whole domain of the model area. The model does not support the 

variation of grid size within the model area. So, the smaller model area 

with smaller grid size will show more defined coastal areas.   
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