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Abstract 
A vertically averaged numerical model is developed using the Surface water Modeling System (SMS) for the Pichavaram Mangrove 
Estuary to study the tidal characteristics which enables the simulation of the whole water circulation within the water body.  The 
Pichavaram mangrove ecosystem is a complex network of creeks, mangroves and mud flats housed between the Vellar and Coleroon 
rivers, 15 km north of Chidambaram, Tamil Nadu, India. A portion of the Coleroon river drains into the mangroves, and tidal flow is 
through the Coleroon mouth and a small inflow from an inlet in the north. The reduction of freshwater flow over the years has led to a 
degradation of the mangroves and changes in sedimentation patterns. The results are calibrated against data collected previously. 
From the simulated results it is noticed that the tidal flow from the Coleroon mouth dominates the entire system. The maximum flood 
and ebb tide speed reached 0.777 ms-1 and 0.468 ms-1 during monsoon and post monsoon periods, respectively. The tide showed a 
pronounced asymmetry in mangroves and a 12% increase in total depth of water with a maximum increase in water level of about 5 
cm is noticed between monsoon and post monsoon conditions. The dominance of ebb tide is noticed due to friction in the mangrove 
forest, which has resulted in slower flood current and greater tidal asymmetry in the waterway. 
 
Index Terms: Pichavaram, Mangroves, Circulation, and Numerical model  

-----------------------------------------------------------------------***----------------------------------------------------------------------- 

1. INTRODUCTION 

Mangrove forests have iconic status as natural ecosystems that 
provide services to humans.  They function as breeding, 
spawning, hatching and nursing grounds for marine and 
pelagic species, and are important in the daily livelihood of 
local human subsistence communities [1]. Mangrove forests, 
however, are declining at an alarming rate worldwide. Since 
1980, approximately 25% of mangrove forests have been lost 
globally and the present mangrove coverage is just over 
180,000 sq. km [2]. The major causes of mangrove 
degradation and destruction are population pressure, 
unsustainable production of fish and prawns, mixing of 
wastewater effluents from urban-industrial areas and oil-spills 
[3].(Gupta et al 2013). The Indian mangroves contribute 
significantly toward the shrinking global mangrove reserve 
with approximately 2.7% of the world’s mangroves existing 
along the 7516.6 km long coastline of India [4]. Out of the 39 
species of mangroves that are widely encountered over the 
Indian coast, 37 species are considered under varied degree of 
extinction risk while 11 mangrove species are considered to be 
critically endangered [5].. Mangroves grow in the intertidal 
zone between land and sea. They are frequently inundated by 
tide leading to water logging and fluctuation in salinity [6, 7, 
8, 9]. Under high temperature conditions in tropics water 
logging and salinity problems become worse. Firstly, at low 
tide, overheating and desiccation is greater, and secondly, 
through evapotranspiration, any water that remains may 

become even more highly saline than that of the open sea. At 
high tide, the warmth of water lowers the oxygen in water 
[10]. High salinity makes it more difficult for mangroves to 
extract water from the soil, even though the soils on which 
mangroves grow are usually waterlogged [11]. In this context 
the knowledge on hydrodynamics of mangrove creek is 
essential to know the flow characteristics within a system. A 
notable characteristic of the hydrodynamics of mangrove 
creeks is the asymmetry between the flood and ebb water 
velocity [12]. The hydrodynamics of these estuaries is also 
crucial to the sediment transport, which modifies the 
geomorphology of the system and the hydrodynamics itself 
[13]. In this work, we employ a numerical model to simulate 
the hydrodynamics in the creeks of Pichavaram, an estuarine 
type of mangrove wetland situated in between the Vellar and 
Coleroon estuaries.  The results of the hydrodynamic model 
can be used to investigate the existing flow pattern and tidal 
regime within the study area and also used as a tool to predict 
and address the impact of future man-made and natural 
changes on the health of the tidal waterways.  
 
1.1 Study Area 

The Pichavaram mangrove wetland is located in the northern 
extreme of the Cauvery delta, near the mouth of river 
Coleroon, Tamil Nadu, India, between latitudes 11º 20’ and 
11º 30’ north and longitudes 79º 45’ and 79º 55’ east.  Its total 
area is about 1,350 ha, its many small islands are colonized by 
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13 true mangrove species.  The Pichavaram mangrove wetland 
is also rich in fishery resources.  Annually about 245 tons of 
fishery produce is harvested from this mangrove wetland, of 
which prawns alone constitute 208 tons (85%) of the catch.  
The people belonging to 17 hamlets of five revenue villages 
utilize the fishery and forestry resources of the Pichavaram 
mangrove wetlands [14].  
 

 
 
Fig -1: Location map of Pichavaram (Base map from Google 

Earth) 
 
The entire mangrove vegetation in this area was declared as a 
reserve forest in 1987. It is connected to the Bay of Bengal in 
the east and receives fresh water from Coleroon river from the 
south. Geomorphologically, it is mostly covered by flood 
plains, sedimentary plains and beach sand [15]. The slope is 
very mild. Pichavaram receives freshwater mostly during the 
northeast monsoon season from October to December. Thus 
the dry season is long, extending from February to September, 
and correspondingly, the average salinity is also high during 
the dry season, ranging from 35 to 45 ppt [16]. Pichavaram 
mangrove has been well studied for its ecology, flora, fauna, 
water quality, pollution, fishery resources, etc., from early 
1970s. But very few circulation studies have been carried out 
so far in this system despite its ecological and economic 
importance [17, 18]. A fundamental knowledge of tides and 
tidal circulation is a prerequisite in understanding the intertidal 
dynamics and its impacts on the ecosystem. The 
hydrodynamic environment of Pichavaram is mainly 
controlled by tidal currents and influenced by runoff from 
Coleroon river.  Our major objective in this study is to explore 
how tides and runoff affect and drive the circulation in the 
estuary during monsoon and post monsoon periods. 
 

2. MODEL DESCRIPTION AND 

IMPLEMENTATION 

The RMA2 model of the Surface water Modeling System 
(SMS v11.0) is implemented. The RMA2 model code of the 
Army Corps of Engineers was initially developed by Norton, 
King and Orlob[19]. It is a 2D, depth-averaged, finite element 
hydrodynamic model, with additional pre- and post-processing 
capabilities. RMA2 computes water surface elevations and 
horizontal velocity components for subcritical free-surface 
flow. The Manning’s coefficient was used to define friction 
and eddy viscosity coefficient was used to define turbulence 
characteristics. Both steady and unsteady (dynamic) problems 
can be analyzed. The model has been applied to calculate 
water levels and flow distribution around islands; circulation 
and transport in water bodies with wetlands; and general water 
levels and flow patterns in rivers, reservoirs, and estuaries 
[20]. The x and y component momentum acceleration terms 
and the continuity equation are: 
 

 
 
where h is depth (m), u and v are component velocities along 
the x and y Cartesian coordinates (ms-1), respectively; t is 
time (s); ρ is water density (kg m-3); E is eddy viscosity (kg 
m-1 s-1); g is gravity (9.81 m s-2); a is bottom elevation (m); 
n is Manning's roughness (s m-1/3); τ is wind stress (kg m-1 s-
2); Va is wind speed (ms-1); ψ is angle towards which the 
wind blows (degrees), counter-clockwise with 0o on the 
positive x-axis; ω is the rate of earth's angular rotation 
(7.29*10-5 s-1) ; and Φ is latitude (deg). 
 
2.1 Materials and Methods 

The only available tidal data within the mangroves is from the 
M. S. Swaminathan Research Foundation (MSSRF), Chennai, 
from their project on Mangrove Conservation and 
Management in the Coastal Wetlands of Tamil Nadu during 
1999–2000. They measured the variation of tide levels at 30 
minute intervals by installing Aanderaa Self Recording Tide 
Recorders at six different stations within the estuary. The 
details of the measurement locations and duration are shown 
in Fig- 2 and Table-1. These data were also not simultaneously 
taken and the datums used for the stations appear to be 
different.  
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Fig -2: Measurement location of tides 
 

Table -1: Measurement duration of tides 
 

Station name Measurement 
Depth from 
surface (m) 

Duration 
From To 

Chinnavaikal 1.0 m 21.05.2000 28.05.2000 
Tourism 
Complex 

0.5 m 14.05.2000 21.05.2000 

Periyaguda 1.0 m 14.05.2000 21.05.2000 
Peelumedu 1.0 m 21.05.2000 28.05.2000 
Coleroon  
Mouth 

2.0 m 28.05.2000 29.05.2000 

Coleroon 
Feeder 

1.0 m 28.05.2000 29.05.2000 

 
2.2 Digitization and Mesh Construction 

The domain mesh for the estuary was developed by digitizing 
the area of study from Google Earth, which gave a realistic 
and real time topographical information. Since bathymetry 
data for the time period 1999–2000 was not available, an 
extensive bathymetric study was undertaken in 2013 with the 
help of hand held GPS covering major stations within the 
estuary. The open sea bathymetric data was extracted from 
General Bathymetric Chart of the Oceans 
(http://www.gebco.net). The model was constructed using 
the mesh module. The mesh consists of 4841 elements and 
10224 nodes with a front width of 377.  The average element 
measures 7938 m2 and the element areas range from 193 m2 
to 39365 m2.  The digitized contours were interpolated by the 
inverse distance weighted method using the nearest five points 
in each quadrant. 
 

 
 

Fig -3:  Mesh for the Pichavaram model 
 
During the calibration phase, after extensive experimentation, 
we set the following parameters: (a) Global roughness value: 
0.022, (b) Peclet number: 20 (c) Minimum velocity: 0.3 m/s 
(d) Marsh porosity, Transition range of distribution: 0.6 and 
(e) Minimum wetted surface area factor: 0.02. 
 
2.3 Boundary conditions and Model calibrations 

The sinusoidal curve based on the tidal water level obtained 
from WXtide32 (www.wxtide32.com) in May 2000 was used 
to force the model at Coleroon mouth and Chinnavaikal 
mouth. The measured water level data from the three interior 
stations viz. Tourism complex, Peelumedu, and Periyaguda 
were used to verify simulation results. Since the available 
water level data for Coleroon mouth and Coleroon feeder was 
for only one day and the Chinnavaikal mouth has shifted 
considerably between 2000 and now, these stations were not 
considered for calibration. The model was simulated for 30 
days with a time step size of 10 min. 
 
3. RESULTS  

3.1 Tidal Simulation  

Fig- 4 shows the comparisons between the computed surface 
elevation and observed values during May 2000.  The 
simulated levels are consistent with the measured values, and 
the RMS errors after 30 days of simulation are only 0.071 m, 
0.078 m and 0.105 m at Tourism complex, Periyaguda and 
Peelumedu, respectively. The model has not captured the 
extreme peaks of the observed data but it is difficult to 
calibrate exactly given the scattered nature of the data 
available for comparison. To analyze the hydrodynamics in 
the estuary under varying monsoon conditions, two 
simulations were run, each for a 40 day period and the results 
for the last 30 days were used. The simulation runs were: (a) 
Monsoon condition, where tidal flux is imposed at Coleroon 
and Chinnavaikal mouths and mean river discharge of 300 
m3s-1 and 10 m3s-1 were imposed at Coleroon and Uppanar 



IJRET: International Journal of Research in Engineering and Technology     eISSN: 2319-1163 | pISSN: 2321-7308 

 

__________________________________________________________________________________________ 

Volume: 02 Issue: 08 | Aug-2013, Available @ http://www.ijret.org                                                                            278 

rivers, respectively and (b) Post monsoon condition, where 
only tidal flux was imposed at the boundary. Time series of 
hourly tidal velocities and water elevations were extracted for 
seven locations in the estuary for further analysis. Calculated 
statistics include maximum and minimum amplitudes, net 
current speed and net direction.  
 

 
 

Fig -4: Calibration of the model for May 2000 
 
3.2 Case (a) Monsoon Condition 

 During the monsoon season, river discharge from Coleroon 
becomes an important forcing function. The river has an 
average discharge of 1453 cumecs during monsoon, and it also 
experiences spiked heavy flows intermittently due to flood 
releases from the Lower Anaicut dam upstream [21]. Table -2 
presents the statistics of the modeled water levels and 
velocities at seven stations.   
 

Table -2: Statistics of water levels and velocities during 
monsoon period 

 

 
 
The time series of water levels and velocities for this period 
are plotted in Figure 5 and Figure 6, respectively. 

 
 

Fig -5: Modeled water level for monsoon condition 
 

 
 

Fig -6: Modeled velocity for monsoon condition 
 
The residual circulation due to river discharge is shown in 
Figure 7. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig -7: Residual water surface level between monsoon and 
post monsoon condition 
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3.2 Case (b) Post Monsoon Condition 

During post monsoon season, tide was the only forcing 
function in the model. Table 3 presents the statistics of the 
modeled water levels and velocities at seven stations.   
 
Table -3: Statistics of water levels and velocities during post 

monsoon period 
 

 
 
The time series of water levels and velocities for this period 
are plotted in Figure 8 and Figure 9, respectively. 
 

 
 

Fig -8: Modeled water level for post monsoon condition 
 

 
 

Fig -9: Modeled velocity for post monsoon condition 
 

4. DISCUSSION  

4.1 Case (a) Tidal Simulation for Monsoon Condition 

A river discharge of 300 cumecs given at Coleroon increases 
the velocity in the entire channel. The circulation pattern 
reveals the dominance of Coleroon river mouth in driving the 
flow into the estuary. The influence of tidal flow through 
Chinnavaikal is limited to Tourism complex and a minimum 
flow is observed to be reaching till Periyaguda.  
 

 
 

Fig -10: Tidal circulation during monsoon period 
 
An increase in current velocity is noticed at Tourism complex 
due to the influence of freshwater flow from Uppanar.  The 
flow direction is northwest at the stations located at the eastern 
side where the tidal impact is predominant (Coleroon mouth, 
Peelumedu, Chinnavaikal and Coleroon feeder). The flow 
turns northeast at the other stations (Tourism complex, 
Mangroves and Periyaguda). The river discharge induces a 
stronger ebb current velocity of 0.067 ms-1 in mangrove 
region (Figure 11 and Table 2).  The dominance of the ebb 
tide is due to friction in the mangrove forest and the friction is 
in turn influenced by the density of the mangrove roots [22]. 
This results in slower flood current and greater tidal 
asymmetry in the waterway.    The flood currents are much 
stronger than the ebb currents in most of the stations except 
mangroves, the duration being shorter in the case of flood than 
ebb.  The magnitudes of currents noticed in Periyaguda is very 
small and not proportional to the tidal heights observed in the 
region and are inversely proportional to the depth. 
 
4.2 Case (b) Tidal Simulation for Post Monsoon 

Condition 

When the tide is the only forcing function, the analysis of flow 
into Pichavaram creek system reveals that the stations 
Coleroon feeder, Peelumedu, Periyaguda and Tourism 
complex are influenced by the tidal flow from the Coleroon 
river mouth.  The influence of tidal flow through Chinnavaikal 
mouth is limited to a shorter reach within Periyaguda.  
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Fig -11: Tidal circulation during post monsoon period 
 
The flow direction, which was northwest during monsoon 
period, changes to southwest at the stations Coleroon mouth, 
Peelumedu, Chinnavaikal and Coleroon feeder. The flow turns 
from northeast to northwest at the other stations (Tourism 
complex, Mangroves and Periyaguda) (Table 3). The station 
shown as mangroves here is only a reference station shown for 
analysis. The magnitude and direction of currents at other 
places inside the mangroves will vary depending on the 
location. The water level variability in mangroves is consistent 
with that of mangroves from other studies; a time lag of 3–4 
hours is noticed with reference to the tides given at the 
boundary (Figure 12). The tide also shows a pronounced 
asymmetry in mangroves as documented by many researchers 
[12, 23]. The ebb tide is lower but with a stronger current 
velocity of 0.059 ms-1 compared to the flood tide (0.023 ms-
1) (Figure 13). This gives a clear indication that the drag 
forces induced by mangrove trees greatly reduce the flow in 
the mangrove swamps.  The prevalence of shallow depth and 
the influence of friction maximize the current speed at 
Chinnavaikal. The influence of ebb tide in Tourism complex is 
attributed to its shallow depth. 
 

 
 

Fig -12: Time lag of simulated tides with the open sea 
 

 
 

Fig-13: Water level and velocity during monsoon and post 
monsoon period for mangroves 

 
4.3 Residual Circulation 

A 12% increase in total depth of water was noticed in 
Mangrove station between monsoon and post monsoon 
conditions. The residual effect of river discharge in the estuary 
was examined by taking the difference in modeled water 
surface levels of monsoon and post monsoon periods. An 
increase in water level of about 5 cm is noticed between 
Coleroon river mouth and Periyaguda (Figure 9). 
 
CONCLUSIONS 

In this paper, SMS/RMA2 is employed to establish a two-
dimensional finite element numerical model to simulate the 
hydrodynamics in the Pichavaram mangrove estuary. The 
model fit well with the complicated bathymetry and simulated 
the character of water surface level and current in the estuary.  
Based on the computed results, the tide is mainly semidiurnal 
and the propagation of tide into the creek system reveals that 
most of the interior stations are dominated by the tidal flow 
from the Coleroon river mouth and the influence of tidal flow 
through Chinnavaikal mouth is limited to a shorter reach both 
in monsoon and pre monsoon periods. The net transport of 
water is found to be manipulated by the tides during non 
monsoon season and the influence of river runoff becomes 
dominant during monsoon period. The tide shows a 
pronounced asymmetry in mangrove region, with a time lag of 
3–4 hours with reference to the tides given at the boundary. A 
stronger ebb current velocity of 0.059 ms-1 compared to a 
weaker flood velocity of 0.023 ms-1 is noticed in mangroves 
during post monsoon period. The river discharge during 
monsoon period further increases the ebb current velocity in 
mangroves to 0.067 ms-1 and in turn reduces the magnitude of 
the tide. This clearly shows that mangrove forests are effective 
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in surface wave attenuation and they are the most natural and 
cheapest way for coastal protection and should be protected 
and conserved. 
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