
Sustainable Coastal Protection and Management 

Investment Program – Tranche 1 

 
Shoreline Management Plan 
Maharashtra 

 

 

Maharashtra Maritime Board 
Government of Maharashtra 

 
 
Prepared by 
 
 

 

Sanctuary Beach Pte Ltd 
Singapore 
 
 
June 2017 

 



 

Shoreline Management Plan, Maharashtra 

 

 

June 2017 
 
Referencing this document: Black, K.P., Mathew, J. and Anjali, S. (2017). The Maharashtra Shoreline Management 
Plan. Sanctuary Beach (Singapore), Sustainable Coastal Protection and Management Investment Program – 
Tranche 1, Maharashtra Maritime Board, Mumbai, India. 
 
This report was produced by Sanctuary Beach Pte Ltd for Maharashtra Maritime Board (MMB), Government of 
Maharashtra. This report is not intended to override or replace previous site-specific investigations or studies. This 
report may not be used by any person other than the MMB without the MMBs express permission. In any event, 
Sanctuary Beach accepts no liability for any costs, liabilities or losses arising as a result of the use of or reliance 
upon the contents of this report. 



Shoreline Management Plan, Maharashtra 2017   

i   
 

Contents 

Chapter 1 The Shoreline Management Plan ................................................................................ 1 

1.1 Introduction ............................................................................................................................ 1 

1.2 Background to the Project ...................................................................................................... 1 

1.3 The Maharashtra Coast ........................................................................................................... 5 

1.4 Structure of the Document ..................................................................................................... 5 

1.4.1 Land Use and GIS mapping ............................................................................................. 5 

1.5 The Readership ....................................................................................................................... 6 

1.6 Development of the SMP ........................................................................................................ 6 

1.7 Science Comes First................................................................................................................. 6 

Chapter 2  Physical Overview ..................................................................................................... 7 

2.1 Introduction ............................................................................................................................ 7 

2.2 Bathymetry ............................................................................................................................. 7 

2.4 Waves ...................................................................................................................................... 8 

2.5 Winds .................................................................................................................................... 12 

2.6 Tides and Storm Surge .......................................................................................................... 13 

Chapter 3 Climate Change ....................................................................................................... 16 

3.1 Introduction .......................................................................................................................... 16 

3.2 Simple Physics of Climate Change......................................................................................... 16 

3.3 Global Patterns ..................................................................................................................... 17 

3.4 South Asia Focus ................................................................................................................... 17 

3.5 Minimum Floor Level (MFL) .................................................................................................. 19 

Chapter 4 Geomorphic Beach Categories and their Management ............................................. 20 

4.1 Introduction .......................................................................................................................... 20 

4.2 Longshore Beach Dynamics .................................................................................................. 21 

4.3 Beach Evolution Cross-Shore: The ‘Dune-Bar Connection’ ................................................... 21 

4.3.1 Overtopping and seawalls ............................................................................................. 22 

4.4 Geomorphic Categories ........................................................................................................ 24 

4.4.1 Geomorphological and sedimentary regions ................................................................ 24 

4.4.2 Open beaches................................................................................................................ 25 

4.4.3 Headland beaches ......................................................................................................... 26 

4.4.4 River entrances ............................................................................................................. 28 

4.4.5 Management of river entrances ................................................................................... 31 

4.4.6 River deltas .................................................................................................................... 32 



Shoreline Management Plan, Maharashtra 2017   

ii   
 

4.4.7 Mud and beaches .......................................................................................................... 33 

4.5 Summarising the Maharashtra Coast ................................................................................... 34 

4.5.1 Headlands ..................................................................................................................... 34 

4.5.2 Salients .......................................................................................................................... 36 

4.5.3 Rivers ............................................................................................................................. 38 

4.5.4 Sediment grain size ....................................................................................................... 38 

4.5.5 Beach slopes and nourishment ..................................................................................... 38 

Chapter 5 Sediment Cells ......................................................................................................... 42 

5.1 Introduction .......................................................................................................................... 42 

5.2 Modelling of Seabed Disturbance ......................................................................................... 43 

5.3 Sediment Cell Definition ....................................................................................................... 48 

5.3.1 Sheltered beaches ......................................................................................................... 48 

5.4 Sediment Cells along the Maharashtra Coast ....................................................................... 48 

Chapter 6 Man-made Coastal Structures .................................................................................. 51 

Chapter 7 Selection of Solutions .............................................................................................. 52 

7.1 Introduction .......................................................................................................................... 52 

7.2 Determining Solution “Softness” .......................................................................................... 52 

7.2.1 Environmental Softness Ladder .................................................................................... 52 

7.2.2 The C-Assessment ......................................................................................................... 53 

Chapter 8 Action Plans ............................................................................................................ 55 

8.1 Introduction .......................................................................................................................... 55 

8.2 Priority Actions ...................................................................................................................... 55 

8.3 Individual Beach Actions ....................................................................................................... 56 

Chapter 9 Sediment Sources .................................................................................................... 67 

9.1 Introduction .......................................................................................................................... 67 

9.2 Sand Extraction Locations ..................................................................................................... 67 

9.2.1 Surf zone ....................................................................................................................... 67 

9.2.2 Offshore of river entrances ........................................................................................... 68 

9.2.3 Offshore on the continental shelf ................................................................................. 68 

Chapter 10  Special Attributes ................................................................................................... 73 

10.1 Introduction .......................................................................................................................... 73 

10.2 Tourism ................................................................................................................................. 73 

10.3 Malvan Marine Sanctuary ..................................................................................................... 73 

10.4 Conservation Areas ............................................................................................................... 76 

10.5 Ports ...................................................................................................................................... 76 

10.5.1 Fisheries ports ............................................................................................................... 76 



Shoreline Management Plan, Maharashtra 2017   

iii   
 

10.6  Pollution ............................................................................................................................ 76 

10.5 Interdepartmental Coordination .......................................................................................... 77 

10.6 Monitoring and evaluation ................................................................................................... 78 

Chapter 11 Future Needs ........................................................................................................... 80 

11.1 Introduction .......................................................................................................................... 80 

11.2 Coastal Regulation Zone ....................................................................................................... 80 

11.3 Seawalls ................................................................................................................................. 81 

11.4 Climate Change ..................................................................................................................... 85 

11.5 Formation of the Coastal Infrastructure Management Unit (CIMU) .................................... 85 

References  ............................................................................................................................... 87 

Appendix 1: State and District-level Maps ................................................................................... 88 

State-level Maps ............................................................................................................................... 89 

District-level Maps: Sindhudurg District ........................................................................................... 98 

District-level Maps: Ratnagiri District ............................................................................................. 107 

District-level Maps: Raigarh District ............................................................................................... 116 

District-level Maps: Mumbai District .............................................................................................. 125 

District-level Maps: Palghar District ................................................................................................ 134 

Appendix 2: Individual Beach Assessments ............................................................................... 143 

 

  



Shoreline Management Plan, Maharashtra 2017   

iv   
 

 

Acronyms 

ADB  Asian Development Bank 

CC  Climate Change 

CD  Chart Datum 

C-Gide  Coastal Protection Assessment Guide 

CIMU  Coastal Infrastructure Management Unit 

CO2  Carbon Dioxide 

CRCPMP Climate Resilient Coastal Protection and Management Project 

CRZ  Coastal Regulation Zone 

D50  Median Sediment Grain Size 

DEA  Department of Economic Affairs 

EIA  Environmental Impact Assessment 

ESL  Environmental Softness Ladder 

GEF  Global Environment Facility 

GIS  Geographic Information System  

HTL  High Tide Line (meters above Chart Datum) 

IPCC  Intergovernmental Panel on Climate Change 

IPCC AR4    Intergovernmental Panel on Climate Change Fourth Assessment Report  

MFF  Multi-tranche Financing Facility  

MFL  Minimum Floor Level 

MHWS  Mean High Water Spring 

MMB  Maharashtra Maritime Board 

MoEF&CC Ministry of Environment, Forest, and Climate Change 

MSL  Mean Sea Level 

PPP  Public Private Partnership 

SCPMIP Sustainable Coastal Protection and Management Investment Program 

SEA  State Executing Agency 

SLR  Sea Level Rise 

SMP  Shoreline Management Plans 

TA  Technical Assistance 



Shoreline Management Plan, Maharashtra 2017   

1   
 

 Chapter 1 The Shoreline Management Plan 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1 Introduction 

Shoreline Management Plans (SMP) are high-level, non-statutory 
documents which form part of the strategic framework for the 
protection of coastal communities. The SMP records the natural coastal 
processes, land use and the environment by providing a detailed 
understanding in the coastal zone of existing and planned infrastructure 
and any problems such as erosion or the community needs. The plan is 
best developed with stakeholder consultation and a core group of 
experts who have scientific, engineering, social, planning and economic 
training. Geographic Information Systems (GIS) provides an important 
tool to map coastal uses and key features.  

The SMP will also define the nature and magnitude of risks from coastal 
hazards, both present day and the likely risks associated with Climate 
Change sea level rise. In the context of environmental and economic 
development challenges within a policy framework, the SMP aims to 
address these risks in a sustainable manner.  

All SMP’s are active documents. They need to be updated on a 5-year 

time scale.  

 

1.2 Background to the Project 

A Multi-tranche Financing Facility (MFF) to implement Sustainable 
Coastal Protection and Management Investment Program (SCPMIP) was 
approved by Asian Development Bank (ADB) on 29 September 2010 to 
be implemented over 9 years. The loan agreement for the first Tranche 
(Tranche 1) was signed by Department of Economic Affairs (DEA), 
Government of India on 17 August 2011 and the project was declared 
effective on 28 November 2011. The 9-year investment program focuses 
in the State of Maharashtra (and Karnataka) and is scheduled for 
completion by 31 December 2019. Maharashtra Maritime Board (MMB), 
Government of Maharashtra is the state executing agency (SEA) 
responsible for implementation of the SCPMIP.  

One of the requirements of the SCPMIP is to prepare Shoreline 
Management Plans for the whole coastline of the state. The plans will be 
based on technical assessments of the coastal process and issues and will 
also identify existing and potential economic opportunities including 
tourism for the coastal areas. The SCPMIP envisages that the Shoreline 
Management Plans will be first round.  

Shoreline Management 

Plans define the nature 

and magnitude of risks 

from coastal hazards, 

both present day and 

the likely risks 

associated with Climate 

Change sea level rise 
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The consortium of Axis, Sanctuary Beach and HOVE entered into a 
contract with the MMB in June 2016 as Design and Supervision 
Consultant (DSC) for the implementation of the SCPIMP. In addition, this 
SMP was commissioned by the Maharashtra Maritime Board (MMB) as 
part of the SCPMIP-Tranche 1.The plan covers the full coast of 
Maharashtra (Figure 1.1). 

This document utilises and follows the “Climate Change Adaptation 
Guidelines for Coastal Protection and Management in India” (Black et al., 
2017), developed under the Global Environment Facility (GEF) funded 
and ADB managed Technical Assistance (TA) “Climate Resilient Coastal 
Protection and Management Project (CRCPMP).  

The appendices in that document describe the statutory framework in 
India, including the Coastal Regulation Zone (CRZ) legislation that 
establishes the legal framework for shoreline development. Other 
appendices deal with Indian coastal research, coastal processes and 
methods currently being adopted to protect the coast. A key element of 
the Guidelines is the “Environmental Softness Ladder” which ranks the 
environmental effects of coastal protection methods. The softest 
projects are encouraged through easier consents and, where possible, 
the Guidelines approach is followed here. 

 

 

Figure 1.1 Maharashtra, India 
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Figure 1.2 Coastal districts of Maharashtra 
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As presented in the Guidelines (Black et al., 2017), an SMP aims 

to achieve the following: 

 

 Identify the areas of conservation, preservation and 
protection and examine the causes of coastal erosion and 
coastal instability. 

 Consider the measures for conservation, preservation and 
protection and the viability of future coastal protection 
infrastructure for the most vulnerable and feasible 
locations using appropriate technologies. 

 Consider locations where natural protection measures can 
be considered such as developing dunes and planting of 
mangroves and other vegetation for protection. 

 Consider wider coastal management issues including 
social, economic and developmental requirements. 

 Ensure that the SMP aligns with the aspirations of the 
people which can be achieved by stakeholder engagement 
and improving awareness of coastal issues. 

 
 

The SMP shall be based on participative planning, professional 

design and the use of modern technology. The objectives of SMP 

shall be: 

 

 Identify the best and most sustainable ways to manage 
coastal resources and risks, including those due to climate 
change, over the next 100 years. 

 Identify social and economic aspects relevant to the 
coastal zone. 

 Indicate how future plans and activities of stakeholders 
may affect the shoreline and how shoreline management 
can be relevant to such plans. 

 Support the planning system (CRZ, EIA and CC Guidelines) 
to minimise inappropriate developments in the long term. 

 

 

 

 

Climate Change 

Adaptation Guidelines 

for Coastal Protection 

and Management are: 

“Scientifically well-

founded suggestions to 

deal with changed 

climate and its impact 

on the coast” 
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1.3 The Maharashtra Coast 

All maritime states of India have very different shorelines and physical 
context such as waves, cyclones, tide ranges and beach sediments. 
Consequently, an SMP needs to be designed for the specific conditions in 
the State under consideration. In this document most of the beaches in 
Maharashtra were visited and data were recorded. 

Maharashtra is blessed with beneficial characteristics. In relation to the 
beaches, many rests within headlands and many have rivers feeding sand 
to the beach. This makes Maharashtra more stable than many of the 
longer, open beaches of other States, e.g. Kerala and Tamil Nadu 
shorelines. These special characteristics and the appropriate methods to 
be adopted for coastal protection are considered in this document. 

 

1.4 Structure of the Document 

This is the first SMP for the whole of Maharashtra. An SMP has been 
created for Sindhudurg District, but the documents remain unfinished 
(Taylor Engineering, Inc. – Mukesh & Associates Joint Venture, 2013). 

Our early chapters deal with the physical context (bathymetry and 
geomorphology, waves and tides), climate change, and the dynamics 
relevant to the management of different categories of beach. Detail is 
presented about natural and constructed coastal protection structures 
along the Maharashtra coast. The action plan for erosion “hot spots” is 
presented with recommended solutions. 

For the first time in India, every beach was visited and documented 
(excluding minor beaches and where beach access was not possible), 
rather than considering larger regions only. Each beach has its own 
unique issues and residents prefer to have their beach identified 
specifically. It also allowed the authors to fully consider each site. The 
beaches were visited, discussed with the community and data were 
collected. The scientific data included a beach profile and sediment grain 
size from each beach. Social data engaged the community in consultation 
to identify their perceptions and needs. Engineering data was focussed 
on coastal structures, existing coastal protection, nalla/creek/river inputs 
and beach construction. 

1.4.1 Land Use and GIS mapping 

GIS mapping was a primary tool, particularly to define land use. GIS maps 
are presented at State, District and individual Beach Levels. They are 
included as Appendix 1 and discussed in Chapter 11: Future Planning. 

 

For the first time in 

India, every beach in 

Maharashtra was 

visited and 

documented, rather 

than considering larger 

regions only 
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1.5 The Readership 

An SMP is designed for community consultation, and the engineers and 
Government Departments who are responsible for the coast. One goal is 
to provide an easily-understood overview about coastal processes and 
the management of specific geomorphic units so that informed decisions 
can be taken by all stakeholders. Other targeted readers are those living 
near eroding beaches who have a strong personal interest in the 
problem and solutions. Stakeholders who wish to participate in the 
management of Maharashtra beaches, or even other beaches along 
India’s vast shoreline, may hopefully gain knowledge and ideas from this 
SMP.  

1.6 Development of the SMP 

SMP policies take account of existing regulatory policies such as the CRZ 
and EIA over the short-term (5 years) before the document is updated. 
However, decisions taken today need to be cognizant of the longer term 
(50 years) to accommodate the climate change impacts. The SMP 
document is never static – SMP’s need to be reviewed through 
continuous inter-sectoral consultation and public participation as the 
coastal use and erosion problems evolve.  

 

1.7 Science Comes First 

While the potential solutions to an erosion problem can be counted on 1 
or 2 hands, the precise solution will be always specific to the location. In 
this document, suggestions have been provided about what to do at 
specific beaches. However, beaches have different lengths, different 
exposure to waves/currents and reside in different geomorphic 
categories. It’s essential to ensure that full and detailed studies are done 
prior to any final decision. “The science comes first and then the 
engineering”. The initial stage should include data collection and 
computer modelling in detailed studies. 

 

  

Decisions taken today 

need to be cognizant of 

the longer term to 

accommodate the 

climate change impacts 
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Chapter 2  Physical Overview 

2.1 Introduction 

Over 700 km long, the Maharashtra coast is subject to many and varied 

physical factors. This chapter presents an overview of the physical 

environment to create a context for the beach management. 

 

2.2 Bathymetry 

Along Maharashtra, the continental shelf widens to the north which has a 

profound influence on the wave climate at the shoreline. The Lakshadweep 

Islands to the south also impact on the wave climate. Off the shelf, the 

ocean sea bed is more than 4,000 m deep. Maharashtra coast is mostly 

aligned at 349o relative to True north. Thus, waves coming from 259oT are 

aligned perpendicular to the general trend of the shore. 

  

   

Figure 2.1 Bathymetry of the west coast India (left panel) and the inner shelf from Goa to Gujarat 

(right panel).  

Mumbai 

Mumbai 

Oceans have distinctive 

zones defined by water 

depth and distance 

from shore 
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2.4 Waves 

With the advent of computers, satellites and sophisticated computer 

models, long-term time series of waves are now available globally. Five of 

these 36-year time series were purchased for the Maharashtra coast (Figure 

2.2). Comparisons with coastal measurements have confirmed the accuracy 

of these modern and comprehensive data sets. A rose plot of the waves off 

Ratnagiri is presented in Figure 2.3. 

In Maharashtra, there are three main wave sources (Figure 2.4a,b,c). In the 

dry season, the waves come from the large storms around the Antarctic in 

the Southern Oceans. They arrive offshore of Maharashtra from 225oTrue 

(Figure 2.4a). This angle drives longshore sediment transport to the north 

along many of the beaches. 

In the monsoon, the waves come from the Horn of Africa and Yemen and 

arrive with an angle around 260oT (Figure 2.4b). Many of the beaches are 

close to perpendicular to the monsoon wave direction, suggesting that these 

large stormy waves have acted to align the open beaches onto an 

orientation which is close to neutral in the monsoon. 

The third group of waves is the “Shamal” coming from the Oman region. 

Strong desert winds generate waves which arrive with an angle around 

315oT (Figure 2.4c). These waves drive sand to the south on many beaches. 

To show the mean direction of the waves, the wave power was calculated. 

This involves weighting each direction by the square of the height and 

finding the average of all directions. Figure 2.5 shows that the average 

direction slowly shifts from 258oT to 246oT along the Maharashtra coast. 

This information is very useful for determining the net movement of sand on 

beaches.
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Figure 2.2 Long-term wave data extraction points.  

 

 

Figure 2.3 Wave Climate - Wave roses for Ratnagiri offshore wave hindcast 

data extraction site showing the wave conditions for the open ocean. The wave 

roses divide wave data into direction bands and color code by wave height. The 

data is plotted for sixteen directions radially by percent occurrence. A wave 

direction of 0°corresponds to a wave that is propagating from due north. The 

wave data is at 3 hourly intervals for the period 1979-2015 

Shamal 

Non monsoon 
(Dry) 

Ratnagiri 

Mumbai 

Goa 
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Figure 2.4 Satellite observations combined with sophisticated computer 
models provide a global overview of waves. Along the west coast of India, there 
are three main wave directions in the dry, monsoon (Magicseaweed) and 
Shamal (Aboobacker et al 2011).   

Monsoon 

Shamal 

Dry 
In Maharashtra, there 

are three main wave 

sources:  

 

Waves from the large 

storms around the 

Antarctic in the 

Southern Oceans 

 

Monsoon waves from 

the Horn of Africa and 

Yemen 

 

 “Shamal” from the 

Oman region 
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Figure 2.5a,b Mean wave direction weighted by the wave heights along the Maharashtra coast. 
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2.5 Winds 

Wind data for the Ratnagairi offshore location for the 36-year dataset is 

given in Figure 2.6. The southwest monsoon season features winds from the 

west and south of west, while the dry and Shamal seasons feature winds 

from the northwest and west of north. Monsoonal winds are stronger, 

predominantly between 5 to 25 ms-1.  

 

 
 

 

Figure 2.6 Ratnagiri offshore wind roses:  (a) annual, (b) monsoon and (c) non-

monsoon. Wind direction of 0°corresponds to wind that is blowing 

from due North. The wind data is at 3 hourly intervals for the 

period 1979-2015 

(a) 

(b) 

(c) 

Wind roses illustrate 

the percentage of wind 

that arrives from a 

given directional band 

and the distribution of 

wind speed within that 

band 
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2.6 Tides and Storm Surge 

The tidal ranges increase from south to north, mostly due to the strong influence of 

the continental shelf and Gulf of Khambat in Gujarat (Figure 2.7). Tidal ranges for 

locations along the Maharashtra coast are given in Table 2.1. Mean High Water 

Springs (MHWS) at Sindhudurg is 0.6 m above MSL while in Mumbai the MHWS is 

1.9 m above MSL. Mean High Water Spring is the average height that the tide 

reaches on a Spring Tide. Spring tides basically occur when there is a new moon or 

a full moon. Spring tides rise furthest up the shore at high tide and go out furthest 

at low tide (i.e. maximum tidal range occurs). MHWS gives the average highest 

level that the tides reach at high tide. 

Computation of probable maximum water level elevations generated by any 

tropical cyclones crossing coastal states of India was carried out by the Centre for 

Atmospheric Sciences of the Indian Institute of Technology Delhi (2017). The 

simulations in the extreme climate change scenario for a 100-year return period 

suggest that the maximum water level increases up to 3.15 m along the north 

Maharashtra coast (Figure 2.7). Details of the projected storm surge along the 

Indian coast are provided in Black et al. (2017).  

 

 

 

Storm surge is 

elevation of the sea 

resulting from 

atmospheric pressure 

changes and wind 

associated with a storm 
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Figure 2.7 Tidal amplitude in metres relative to Mean Sea Level (MSL) along Maharashtra coast and 

predicted 1:50 year and 1:100 year storm surge in the climate change scenario. 
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Table 2.1 Tidal levels in meters relative to Mean Sean Level (MSL) along Maharashtra coast 

Site Latitude Longitude 
MHWS above 

MSL (m) 
MSL (m) 

Vengurla 15o 51’ 730 37’ 0.6 1.2 

Malvan 16o 03’ 730 28’ 0.6 1.2 

Devgarh 16o 23’ 730 23’ 0.7 1.4 

Vijayagurg 16o 33’ 730 20’ 0.7 1.4 

Musakazi 16o 37’ 730 20’ 0.7 1.4 

Ratnagiri 16o 59’ 730 18’ 0.8 1.5 

Harnai 17o 49’ 730 06’ 1.1 1.8 

Mumbai 18o 55’ 720 50’ 1.9 2.5 

Mora 18o 55’ 720 56’ 1.8 2.6 

Trombay 19o 02’ 720 57’ 1.9 2.5 

 

  



Shoreline Management Plan, Maharashtra 2017   

16   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 3 Climate Change 

3.1 Introduction 

The climate change projections and impacts on the Indian coast are fully 

described in the Climate Change Adaptation Guidelines for Coastal 

Protection and Management in India (Black et al., 2017). Here, a short 

excerpt from that document is presented. 

 

3.2 Simple Physics of Climate Change 

Over millions of years, the planet has gone through cycles of extreme heat 

and extreme cold. Geologists know that sea levels have been more than 60 

m higher within the last 12,000 years. But never have we witnessed such a 

rapid shift. Heat storage in the Earth’s oceans is feeding the rapid climatic 

change observed since the Industrial Revolution. The physics of climate 

change can be simply explained as a series of linked steps: 

● Carbon is being released from fossil fuels, deforestation, changed land 
use etc. 

● The carbon forms CO2 in the atmosphere 

● The increased concentrations cause a rise in atmospheric temperature 

● At the same time, the oceans start to store heat - oceans are the 
powerhouse of global weather 

● With increased energy levels in the sea, well beyond the power of any 
nuclear bomb, the energy in storms rises dramatically 

● Evaporation is higher over the warmer oceans and storms and cyclones 
are stronger and more common 

● The heat also melts the ice on land, leading to sea level rise 

● Extra heat causes the oceans to expand 

● The sea rises and the whole process feeds back on itself as more ice 
melts, the atmosphere becomes more polluted and the seas grow in 
heat 

● Once started, it’s hard to reverse 

● The scientists are conservatively predicting just a 1 m rise in sea level by 
2100, but the final level depends on us. 

 

 

The ocean will continue 

to warm and acidify, 

and mean global sea 

level is predicted to rise 
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3.3 Global Patterns 

The National Oceanic and Atmospheric Administration (2015) reported that 

the level of CO2 has now exceeded 400 ppm globally, which is an extreme 

level; already well above the safe level of 250 ppm. The climate change 

projections from the IPCC (2013) indicate surface temperatures are 

increasing. There is a high likelihood that heat waves will occur more often 

and last longer, and that extreme precipitation events will become more 

intense and frequent in many regions causing flash floods. The ocean will 

continue to warm and acidify, and global mean sea level (MSL) will continue 

to rise. The primary impacts in coastal areas arise from sea level rise and 

storms, which will lead to increased coastal erosion, tidal inundation and 

flooding.  

 

3.4 South Asia Focus 

Warming trends and increasing temperature extremes have been observed 

across most of the Asian region over the past century (IPCC, 2013). A 

number of recent studies confirm the trends from the IPCC AR4 (2007) 

indicate that India is highly vulnerable to the consequences of sea level rise 

(SLR) and extreme events. A 10% increase of the current 1 in 100-year storm 

surge level combined with an assumed 1m SLR could affect around 7.6 

million people in India (Wheeler, 2011). The same study shows that India 

has the second highest population (out of 84 developing countries studied) 

affected by the potential effects of climate change. 

As SLR occurs, inundation episodes from storm surges and flash floods (both 

in frequency and magnitude), are compounded by the overtopping of waves 

during storms. This will also increase coastal erosion and in some cases lead 

to salinity intrusion rendering unproductive soils and salination of coastal 

water supplies.  

SLR is a relatively fast process, with the observed global mean rate between 

1993 and 2012 estimated as 3.2 mm/year (Unnikrishnan et al, 2014). Over a 

person’s 50-year lifetime, the levels have risen by 17 cm and the rate is 

accelerating. Moreover, the frequency of a given extreme event is more 

pronounced. 

Figure 3.1 shows sea levels at the year 2100 raised by more than 1.1 m in 

Maharashtra. In general, the coast of Maharashtra is experiencing a slightly 

greater rate than global average SLR. 

The primary impacts of 

climate change  in 

coastal areas are likely 

to result from sea level 

rise which, coupled 

with waves during 

storms, may lead to 

increased coastal 

erosion, tidal 

inundation, and storm 

surges, creating local 

flooding 
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Figure 3.1 Minimum and maximum sea level projections (in centimeters) due to climate change for 
2100 along the Maharashtra coast generated by CLIMSystems (2016). Source Black et 
al., (2017). 
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3.5 Minimum Floor Level (MFL) 

The CRZ regulates coastal construction over horizontal zones up to the 

“hazard line”. The hazard line is demarcated by the Ministry of Environment, 

Forest, and Climate Change (MoEF&CC) (through the Survey of India), taking 

into account the tides, waves, SLR, and shoreline change. However with the 

new issue of impending SLR, the vertical dimension now needs to be 

incorporated into the regulations and the Minimum Floor Level (MFL) of 

buildings is recommended for that purpose. 

MFL can be calculated knowing the Mean Sea Level, tidal ranges, river flood 

levels, storm surge, wave climate, wave set-up, swash levels, beach 

gradients, sand grain sizes and factors like continental shelf waves, coastal-

trapped waves and local barometric pressure effects. The methodology is 

presented in Appendix 17 of the Guidelines (Black et al., 2017).  

Table 3.2 presents the MFL for south and north Maharashtra. It shows MFL 

varying along the coast with levels of 5.70 m in Sindhudurg and 6.62 m in 

Mumbai for the present (2017) conditions. 

To more easily achieve MFL while allowing buildings to be constructed in 

low-lying areas, structures on piles have been adopted in many parts of the 

world including USA and Australia. The lower level of the building forms a 

temporary room or provides storage, but walls must be constructed from 

fragile materials that will allow the floods and wave action to pass 

unhindered below the main building. However, government assistance, 

Insurance or government compensation for damage cannot be obtained in 

these zones 

 

Table 3.2 Minimum Floor Level (MFL) for the present day and under 
climate change. 

 

Location 
Elevation (m) 

Present (2017) Future (Year 2100) 

Sindhudurg 5.70 7.45 

Mumbai 6.62 m 10.26 

.

  

MFL is the highest 

vertical level that may 

occur due to floods, 

waves and SLR.  

 

MFL is defined relative 

to the present day 

Mean Sea Level or 

Chart Datum (CD) at 

the site 
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 Chapter 4 Geomorphic Beach 

Categories and their Management 

4.1 Introduction 

The “sediment pie” is the total volume of sand available on a beach within a 

sediment cell, i.e. the volume currently on the beach plus any new sand 

brought to the beach by waves and currents or a river (Figure 4.1). Legal and 

illegal sand mining on the beaches and rivers is causing a major reduction of 

the natural inputs, while dams on many rivers have blocked deliveries to the 

coast. People are encroaching on the beach with buildings and other 

infrastructure, which buries a large volume of sand and disturbs the coastal 

processes. 

Thus, the sediment pie is getting smaller. The sediment pie rules (Black et 

al., 2017) are: 

● Sand is precious; 

● There is a limited volume of sand available; 

● If one coastal structure captures sand, then less sand will go to 
the downstream locations; 

● Dredging of sand to be sold or put to reclamation reduces the 
volume in the pie; 

● Not much new sand is coming to the beaches. 

 

Figure 4.1 Sediment transport pathways (Source: http://explorebeaches.msi.ucsb.edu/sandy-

beach-life/sand-movement) 

Sand mining on the 

beaches and rivers is 

causing a major 

reduction of the natural 

inputs, while dams on 

many rivers have 

blocked deliveries to 

the coast 
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4.2 Longshore Beach Dynamics 

Beaches are very responsive to the local wave climate. Longshore currents 

link each part of the beach and carry sand along the shore. As the season 

changes, the longshore currents in India usually change in synchrony with 

the wave climate. 

A stable or “happy” beach has a neutral alignment relative to the wave 

climate. Waves come from many directions and they push sand along the 

shore. But if the total push one way is equal to the total push the other way 

when averaged over a period of year, then the beach has neutral sediment 

movement. Happy beaches are much less likely to be subject to erosion,  

unless the sand is trapped by structures or removed by human activities. 

A “hungry” beach is out of alignment with the waves. When waves come 

from many different directions the sand moves up and down the coast. But 

the “hungry” beach has more sand going one way than the other. This 

means that the net sediment movement along the shore is up or down the 

coast.  

To be stable, “hungry” beaches need a constant sediment supply, i.e. they 

need food. The food has traditionally come from large rivers and we still see 

evidence of large river deltas bulging out from the shore in India. The 

“hungry” beach will erode if the sand supply is reduced (e.g. dams on rivers, 

sand mining or large structures which obstruct their supply). Sand can be 

quickly washed away from a “hungry” beach, if the sand inputs are less than 

the outputs along a section of shoreline. 

 

4.3 Beach Evolution Cross-Shore: The ‘Dune-Bar Connection’ 

In the cross-shore direction, beaches are like the tip of the iceberg. Much of 

the beach is underwater beyond the sand we love to enjoy (Figure 4.2). 

Nature has evolved a simple system to keep beaches stable: 

Step 1. Big storm waves (e.g. monsoon) cut into the beach and carry the 

sand offshore to the offshore sand bar at the breakpoint. 

Step 2. The sand on the bar is not lost. Under longer period swells (e.g. dry 

season), the sand is moved slowly back to the beach 

These processes occur seasonally as the wave climate changes from eroding 

during monsoon to accreting in the dry. The width of the beach might 

change by 50 m. 

 

 

Longshore sediment 

transport, one of the 

most important 

nearshore processes, 

affects beach 

morphology and 

directly influences the 

shoreline’s tendency to 

accrete, erode, or 

remain stable 
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4.3.1 Overtopping and seawalls 

Globally, the construction of seawalls has led to many detrimental impacts. 

The cross-shore dynamics between the dune and bar are blocked, once the 

wall is placed between the dune and bar. Furthermore, the very important 

process of beach overtopping is blocked. This is when big waves come over 

the crest of the beach bringing water and sand to the back of the beach. 

Figure 4.3 shows very clear examples of how this works. The arrows show 

where the waves have washed over the beach and deposited sand in the 

lee. This deposition becomes a reserve of sand for future erosive storms and 

it also widens the beach.  

Unfortunately in India, many people see this important process as “flooding” 

or “beach erosion”. The first reaction is to block overtopping with a seawall, 

thereby dooming the beach to long-term erosion. In addition, the Guidelines 

(Black et al., 2017) note that seawalls are environmentally the worst of all 

possible beach protection solutions. 

Our review of the full length of Maharashtra has shown that there are 

endless beaches with houses, roads, restaurants etc. built on top of the 

primary dune. Not only is this illegal under the CRZ regulations, but it’s 

leading to massive costs for house protection and the construction of 

seawalls.  

The SMP for Maharashtra strongly recommends that building set-backs need 

to be enforced. For example, coastal protection may not be provided for any 

buildings closer than 100-200 m from the high tide line. Many people are 

choosing to live in dangerous locations on the beach itself, perched on the 

dune. Such a choice is folly. 

 

         Figure 4.2 Geomorphic features of the coast and the active dune-bar system 

Beach face 

Wave overtopping 

takes place when 

waves come over the 

seawall or sand dune 

and flood the 

hinterland 
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Figure 4.3 Beach overtopping is a very important way that beaches grow 

wider.  Photos from Aaravi, Raigad (upper panel) and Palshet 

(lower panel).  

During wave overtopping, 

two important processes 

take place: wave 

transmission and the 

passing of water and 

sediment over the dune 

or seawall 
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4.4 Geomorphic Categories 

4.4.1 Geomorphological and sedimentary regions 

Southern Maharashtra has white sandy beaches, separated by headlands 

and fed by sediment from many river entrances (Figure 4.5). North of 

Mumbai, there are many wide low-gradient beach platforms in front of 

narrow beaches. Once again, many rivers are feeding sands to the coast, but 

these are also carrying more fine muds. 

The entire coast is very irregular with many rock headlands. There are many 

variations in the lengths and orientations of the beaches. Different beach 

orientations and wave exposures affect the transport of sand by waves 

along the shore as littoral drift. Thus, each of the sites has a different 

character. 

Beaches can be classified into different types. The management of each type 

will be different also. Thus, classification of the beach is one important 

element for a Shoreline Management Plan as methods to deal with beach 

erosion will be different for the various beach types. 

 

     

Figure 4.5 Southern Maharashtra shoreline (left panel) and northern Maharashtra 

(right panel). 
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Classification of the 
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4.4.2 Open beaches 

Open beaches are usually relatively straight over a long distance. Unlike 

some maritime states (e.g. Kerala), Maharashtra has very few long open 

beaches, as most are bounded by headlands. Moreover, several have 

offshore reefs or islands which puts curve on the beach. One of the longest 

beaches (13 km) is at Achara in Sindhudurg district (Figure 4.6). 

Open beaches are very sensitive to wave climate, and can be either “Happy” 

or “Hungry”. They may be “hungry” and stable if the rivers are supplying 

sufficient sediment to sustain the longshore drift.  

Great care has to be taken with structures on an open beach because the 

whole beach is dynamically linked by longshore transport. This is especially 

important if the beach is “hungry”. For example, the construction of a 

groyne on a long open beach which is “hungry” will always lead to 

downstream erosion. The effects will be less if the beach is “happy”, but the 

benefits of the groyne are also less. 

On a long open beach with limited sediment supply, the beach must find an 

orientation which leads to neutral transport (“Happy”). Thus, many open 

beaches rotate to be perpendicular to the net effect of the littoral drift. In 

Maharashtra; the shoreline is oriented overall to be essentially 

perpendicular to the monsoon waves (from 250-260oT) (Figure 2.5). This 

gives the coast a level of stability. 

 

Figure 4.6 Example of an open beach in Maharashtra.  

Longshore currents 

mobilize sediments in 

what is known as 

longshore sediment 

transport or longshore 

drift 

 

 

Knowing the direction 

of net longshore 

sediment transport is 
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4.4.3 Headland beaches 

Headland beaches are bounded by a headland at either end. The headland 

length, in combination with the wave climate, exerts a strong influence on 

the beach stability, orientation and width. Headland beaches are very 

common in Maharashtra. Figure 4.7 shows an example of 5 adjacent 

beaches separated by a headland near Kachare, Sindhudurg. 

The long headland at the south and north are controlling the beaches 

overall, creating a sediment cell. Then, within this are the smaller beaches 

between headlands of varying length and orientation. The headland 

between the two northern beaches is short and sand is readily exchanging 

between them. The central beach has longer headlands and is therefore 

more independent of the others. The southern beach has a river to the 

south, which has traditionally brought sand into the system. 

The beach orientation (shown by the arrows) changes systematically from 

south to north. This occurs because beaches within headlands can be stable 

only if they are perpendicular to the wave climate. At the northern beach, 

the headland blocks the waves from the north and so the beach aligns into 

the residual waves that reach the site, i.e. those from the south-west 

quadrant. Similarly, the most central and southern beaches face more to the 

west. These beaches are open to all waves (except the south) and they are 

essentially perpendicular to the dominant wave direction which is the 

monsoon waves from around 255-260oT. On the contrary at the southern-

most beach, the longer headlands block waves and the beach has curved to 

be aligned to the residual waves, i.e. more to the south at the northern end 

and more to the north at the southern end. 

This very good example shows that headland beaches will rotate onto an 

orientation which is perpendicular to the wave climate. Even along a single 

beach, the two ends in the lee of a headland will curve to be perpendicular 

to whatever waves are still reaching the site, after eliminating waves due to 

headland sheltering.  

Headland beaches are much less prone to erosion than open beaches 

because the sand may be trapped within the headlands. However, they are 

equally highly prone to erosion if sand is removed from the beach because 

new inputs are limited. 

Typically, groynes and rock seawalls are unsuitable for a headland beach. If 

the sand is locked between the headlands, the best approach is to fill the 

compartment with nourishment, sometimes in combination with an 

offshore reef to help widen the beach. A groyne will provide limited benefits 

while a rock seawall will disrupt the beach processes and lead to more 

beach loss.  

The gross longshore 

transport is the total 

transport up and down 

the beach  

 

Gross transport might 

be more effective in 

examining shoaling 

rates in channels and 

inlets, while net 

transport might be 

more useful in longer 

term analyses of 

deposition/erosion 

rates at engineered 

structures 
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Figure 4.7 shows the central beach in the 5 headland system. The hinterland 

is very steep and there are natural rocky headlands in the centre of the 

beach. In front of these, the wave action has caused the beach to erode, 

while the beach is stable to either side. This occurs because of higher wave 

turbulence and reflections from the steep rock. This example shows the 

same effect that has been observed in front of man-made rock seawalls, 

whereby the beach erodes in front of the steep rock structure.  

Removal of sand from a headland beach can have dire consequences. An 

example is Mirya Bay, Ratnagiri where the beach is locked between two 

large headlands. Sand has been removed by port construction and dredging 

and the impact on the remainder of the beach has been rapid and dramatic. 

The “sediment pie” between the headlands was reduced and the whole 

beach along its full length eroded. Major rock seawalls have been 

constructed but as expected the beach suffered. Now nourishment is 

planned to replace the sand taken by the port. 

In general for Maharashtra which has many headland beaches, the most 

appropriate action is nourishment, perhaps with an offshore reef to help 

stabilise and partially re-align the beach. Although the general principles 

have been described here, each beach will need detailed studies and 

computer modelling before making a final decision. 

 

 

    

Figure 4.7 Five adjacent headland beaches near Kachare (left image) and the central beach (right 

panel). 
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4.4.4 River entrances 

There are many river entrances in Maharashtra. A large number of beaches 

have a river entering at some part of the beach and some have more than 

one. While there are variations related to entrance constriction, waves and 

adjacent landforms, the general dynamics are well understood at river 

entrances.  

The river flows bring sand down the river, particularly during the strong 

monsoon floods. This sand is swept out of the entrance to an “ebb-tidal 

delta” (Figures 4.8 and 4.9). Ebb-tidal (outbound) currents are fastest in the 

river entrance, but they slow down beyond the entrance at the ocean side 

when the water gets deeper and the cross-section gets wider. Sand carried 

by the currents drops out to the seabed when the currents slow down, and 

the ebb-tidal delta is formed. Some sand is carried back inside the entrance 

by flood-tidal currents, which forms the flood-tidal delta (Figure 4.8 and 4.9) 

at an internal location where the currents slow down beyond the entrance. 

All entrances have one or two adjacent sand spits at the entrance (Figure 4.8 

and 4.9). Many in Maharashtra are adjacent to a sheltered rock headland 

and so the entrance may have one dominant sand spit.  

These sand spits are formed by a combination of currents and waves. On the 

river side, the strong ebb currents (supported by the river flows) push sand 

along the spit towards the tip at the entrance (Figure 4.8).  On the ocean 

side, the spit is sheltered from the strong ebb currents which head out to 

sea in the main channel. Instead, sand moves with the stronger flood 

currents, i.e. along the beach and back to the entrance. In addition, waves 

bring sand to the entrance by littoral drift.  

We know this from measurements and by looking at the spit. The spit 

“points” in the direction of travel. In most cases, the strong river flow 

through the entrance stops the spit from reaching the other side of the 

channel. But sometimes near smaller rivers, the push of sand by waves 

allows the spit to close the entrance. It may burst open again during the 

next monsoon when the river floods. 

All river entrances have the same features and computer models can be 

used to confirm the dynamics. An idealised entrance with two headlands 

separated by a gap provides insight. In Figure 4.10, the currents around the 

entrance are shown. There currents have been averaged over the full tidal 

cycle to show the net direction of the flows.  

There’s a strong ebb jet and flood jet pushing sand away from the entrance 

(both ebb side and flood side). In the shelter of the headlands, the net flows 

are back towards the entrance. This completes the sediment loop so that 

sand is re-circulating around big gyres. Sand swept out by the ebb currents  

A large number of 

beaches have a river 

entering at some part 

of the beach and some 

have more than one 

 

The river flows bring 

sand down the river, 

particularly during the 

strong monsoon floods 
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can come back to the entrance by following the loop. In addition, waves can 

assist the return flows by sweeping the sands back along the beach as 

littoral drift. 

Using the model 2DBeach (from the 3DD Suite of Physical Process Models) 

to predict sand movement, Figure 4.10 shows the formation of the delta. 

The initial bathymetry was uniform depth (all set to 5 m), but after 1 year of 

simulation, the channel has been deepened, an ebb-tidal delta has formed 

and the flood-tidal delta is evident. This modelling was used by Black and 

Mathew (2009) to explain the delta formation at Ullal, Karnataka at the 

offset entrance to Netravati River and it shows many similarities to the 

natural bathymetry. Natural examples from Maharashtra (Devbag and 

Pirawadi, Sindhudurg) have the same features (Figure 4.8). The knowledge 

at Devbag came from detailed computer model studies of the delta (Black 

and Mathew, 2017).  

 

     Figure 4.8 River entrance at Devbag with a headland on the south side. 
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     Figure 4.9 River entrance at Pirawadi with a headland on the north side. 
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Figure 4.10 Computer modelling of an idealised river entrance. The upper images show the currents 
around a symmetrical inlet after averaging over the flows over the full tidal cycle. The 
lower image shows the channel and sand bar formation after 1 year of simulation for an 
asymmetrical inlet. The initial bathymetry was uniform and set to 5 m deep. (source: 
Black and Mathew(2009). 

 

 

 

 

4.4.5 Management of river entrances 

The knowledge about river entrances reveals several important factors 

relating to the Shoreline Management Plan: 

 The river entrance and the offshore deltas are connected to the beaches. 
Dredging of the entrance will ultimately lead to beach erosion, albeit 
over time scales of 5+ years.  

 Sand mining in the river reduces the volumes coming to the entrance. 
Ultimately, this sand mining will cause beach erosion. 
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 River training walls on the entrance disrupt the sediment gyre which 
helps to sustain the entrance. Training walls need to be studied in detail 
to identify the impacts.  

 The river entrance sand spit is finely balanced with river currents on one 
side and both waves and currents on the seaward side. Dredging of the 
entrance disrupts the balance and the sensitive spit may quickly erode or 
change position. In confirmation, several dredged entrances now have 
rock sea walls around the sand spit. The walls are a major disincentive 
for tourists, especially international tourists. Thus, the number of 
entrances to be dredged in the proposed tourism area of southern 
Maharashtra should be severely limited. Northern Maharashtra is 
muddier and less popular with international tourists. 

 Many beaches in Maharashtra have an associated river entrance. The 
river is the sole source of new sand and so dredging of the entrance will 
have dire consequences for many of the State’s beaches. Limits on the 
total number of entrances to be dredged need to be considered with 
alternative arrangements for fishermen. 

 The entrance area is very energetic, particularly in the monsoon. 
Because the channels can be short-lived, repetitive dredging worsens 
the beach erosion. 

 

Pressure to provide navigational channels for fisherman is resulting in the 

dredging of many river entrances throughout India and in Maharashtra. The 

effects are worsened if the sand is put to land. Thus, entrance dredge spoil 

should be placed on the nearby beaches so that the impacts are minimal. 

Later under “Chapter 9 Sediment Sources”, the option to dredge further 

offshore is discussed.  

A long-term option is to construct offshore islands, which provide shelter for 

boats and land for fishing or tourism purposes. The island also protects and 

widens the beach and would have additional Public Private Partnership 

(PPP) potential.  

Sand mining in the rivers is having long-term detrimental impacts on the 

beaches. 

4.4.6 River deltas 

Large river deltas are very common in India (Figure 4.11). There are no 

similar river deltas in Maharashtra.  
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source of new sand and 

so dredging of the 
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Figure 4.11 The Cauvery River delta (left panel) and the Mangalore River delta (right 

panel). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.4.7 Mud and beaches 

With farming practices removing jungle and forest from the catchment, the 

coast is now receiving large quantities of mud from the rivers, especially in the 

north. The mud is creating high turbidity along the Maharashtra coast and 

impacting on marine species. Much of the mud is washed out to sea to 

presumably settle primarily on the continental shelf. On the contrary, the 

beaches have remained sandy along the Maharashtra coast due to the 

turbulence of waves which lifts the muddy sediments into suspension and away 

from the beach (Figure 4.12). 

The fine sand beaches are distinguished by a very wide, low-gradient intertidal 

zone of fine sands (partially muddy), backed by a steeper beach, mostly 

consisting of fine sand. These beaches form a unique category for Maharashtra.  

The wide intertidal zone provides some wave shelter due to bed frictional 

height losses, but because the tide ranges are large in northern Maharashtra, 

waves can easily cross this zone and attack the narrow beach. Most of the sand 

dunes backing these beaches are just 1-2 m above high tide. During spring tides 

and storms, the waves are over-topping the dune. Management of these 

beaches will be best achieved through elevating the dune crest height and 

widening the beach berm. 

In northern 

Maharashtra, the wide 

intertidal zone provides 

some wave shelter due 

to bed frictional height 
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tide ranges are large 
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narrow beach 
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      Figure 4.12 Low-gradient muddy beaches and intertidal sand platform at Bordi (left panel) and 

Wadhaven (right panel). 

 

 

 

 

 

 

4.5 Summarising the Maharashtra Coast 

Maharashtra is blessed with topography which helps to stabilise and sustain 

the beaches. Natural coastal protection is provided by two main geomorphic 

features: 

 Headlands which lock the sand into a compartment and allow the 
beach to find an equilibrium orientation 

 Offshore reefs and islands which shelter the beach and create wider 
beaches in their lee 
 

4.5.1 Headlands 

Many of the beaches are stabilised by headlands. Figure 4.13 shows images 

of three different cases. Headlands act like a groyne by locking up the sand 

within the embayment and allowing the beach to find its own equilibrium 

alignment. 
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Figure 4.14 shows our measurements of the headland lengths along the 

Maharashtra coast. It depicts the length of the southern and northern 

headland which bounds each of the beaches. Many are very long, up to 

more than 6 km with an average length of 860 m. When compared to a 

typical man-made groyne of 50-200 m, it’s clear that the headlands have a 

very substantial ability to hold the sand within the beach compartments. 

             

Figure 4.13 Examples of headlands along the Maharashtra coast.  

 

 

Figure 4.14 Headland lengths along the Maharashtra coast. 
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4.5.2 Salients 

Salients are a widening of the beach which develops in the lee of offshore 

islands or reefs. If the offshore island is large enough a tombolo will form. 

This is when the beach widens so much it joins onto the offshore island. 

Figure 4.15 shows four Maharashtra examples. 

Many beaches in Maharashtra are stabilised by salient and tombolo 

formations. Indeed, there are 100’s along the Maharashtra coast. In the far 

north, many beaches are stabilised by offshore reefs and rock ledges that 

create beach widening in the form of a salient (Figure 4.16). An example 

from the south in the Malvan area shows massive sedimentary salient and 

tombolo features forming in the lee of offshore islands (Figure 4.17). Others 

form in the lee of reefs, such as a large salient at Devbag. The sedimentation 

has occurred over 1000’s of years.  

They demonstrate that with sand coming from the rivers, the beaches will 

grow to seaward. The salient and tombolo formations also stabilise the sand 

on the beaches and produce a more stable alignment. However, 

interference in nature’s systems (such as sea walls, littoral barriers, mining 

of the rivers, destroying the frontal dune or prevention of overtopping by 

waves) can lead to erosion trends. 

Reefs and islands provide an environmentally-effective method to protect 

coasts because they allow the sand to move freely on the beach and they 

substantially widen the beach without the need for shoreline construction. A 

large island could be inhabited or provide offshore shelter for boats.  They 

offer potential for fish habitat and snorkelling/diving. Construction would be 

always accompanied by nourishment to prevent sand losses from the 

adjacent beaches in the initial stage when the salient is forming (Black et al., 

2017).

 

Figure 4.15a Salients in Maharashtra behind offshore reefs and islands 
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Figure 4.15b Salients in Maharashtra behind offshore reefs and islands. If the offshore island is large 

enough, a tombolo will form (right panel). A tombolo will not form in the lee of a reef, 

only behind islands. 

 

Figure 4.16 Major salient which has formed on a rock ledge in the lee of offshore reefs at Wadhavan 

in northern Maharashtra. 

 

Figure 4.17 Large offshore islands around the Malvan area have created broad salients in their lee. 

Some have formed into tombolos where the sand builds out so far that it joins onto the 

lee of the island.  
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4.5.3 Rivers 

Virtually every beach has a river which is supplying sand to sustain the 

Maharashtra beaches. With the steep inland topography, the total number 

of rivers entering at the coast is exceptional. This has been a major benefit 

for Maharashtra beaches. On the contrary however, a sudden interruption 

to this supply by mining or damming of the rivers can have rapid and dire 

consequences because of the beaches’ dependence on the river supply. 

4.5.4 Sediment grain size 

Our survey collected sand samples from the low, mid and high tide lines. 

These were analysed for grain size characteristics. Figure 4.18 shows the 

results for the high tide line over the full length of the coast. While there is 

mild scatter at specific beaches, the analysis reveals a very strong trend. 

Sand sizes in southern Maharashtra are medium white sands with median 

sizes in the range of 0.30-0.35 mm. The sizes begin to fall sharply around 

100 km from the southern State border to around 0.15 mm. The sand then 

continues to be finer along the remainder of the State to eventually settle 

around 0.1 mm.  

The sudden drop around 100 km from the border coincides with the big 

rivers Vaghotan and Arjuna. They have been providing the finer sediments 

found on the beach, replacing the coarser white sands found further south. 

The small increase in size around 360 km coincides with the Mumbai region.  

Most of the southern beaches have a predominance of white (quartz) sands. 

However, the northern beaches have a higher proportion of black (mineral) 

sands with the transition occurring at the two big rivers 100 km from the 

southern State border. Most beaches have some of each, with the 

predominance changing with the season.  

While the black sands are finer, they normally have a higher density which 

makes them more stable than the white sands of the same size. Thus during 

the monsoon, the white sands may be stripped off a beach first, leaving a 

black sand residual until the next dry season when the white sands return to 

the beach from offshore. 

4.5.5 Beach slopes and nourishment 

At all of the beaches visited, a beach profile was measured from the dune to 

the tide line. These are presented in Appendix 2. From these, regression 

techniques were used to find the beach slopes on the face of the beach. The 

face is usually the steepest part of the beach below the high tide line where 

waves run-up after breaking. International science has shown that the 

gradient of the beach face depends mostly on the size of the sand. As can be 

seen from Figure 4.20, “the coarser the sand, the steeper the beach”.   

Virtually every beach 

has a river which is 

supplying sand to 

sustain the 

Maharashtra beaches 
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Our measurements of beach face slope are shown in Figure 4.21 for the 

Maharashtra coast. The trends in the plot are very similar to the trends for 

grain size (Figure 4.20). Thus, the beach steepness is largest in the south 

where medium sands occur and very much smaller in the north where the 

fine sands occur. Notably, the beach face is the steepest section of the 

beach; the platforms in the north have even lower slopes like 1:500 (0.002). 

In the sections above it was shown that the northern beaches have a very 

small dune and wide intertidal fine sand platforms which may stretch a 

kilometre offshore. This is all occurring because of the sand size. Such 

beaches are not seen in the south.  

The major impact of the sand size on management relates to nourishment of 

beaches. Fine sands will move with the waves to form the wide platform, 

slumping down and becoming quickly “lost” from the beach. And these 

platforms contain millions of cubic metres of sand. Thus, if fine sands 

around 0.10-0.15 mm are used for nourishment, the cost of nourishment 

rises dramatically and the stability of the beach is very low. Beaches 

nourished with coarser sands (>0.20 mm) are substantially cheaper to make 

and much more stable.  

 

 

Figure 4.18 Variation in sediment grain size on the High Tide Line of Maharashtra beaches. 
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Figure 4.19 Big rivers (Vaghotan and Arjuna) at 100 km from the southern border are delivering 

fine sands and causing a transition in sediment grain size on the Maharashtra coast. 

 

 

Figure 4.20  Beach slope versus sand grain size. The slope increases as the sand becomes coarser 
(Modified after Reeve et al 2004, Weigel 1964 and Bascom 1951) 

 

Vaghotan River 

Arjuna River 
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Figure 4.21 Beach face slopes along the Maharashtra shoreline.  
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Chapter 5 Sediment Cells 

5.1 Introduction 

Sediment cells have become a common way to describe the sedimentary 

links between adjacent locations. In an SMP, normal practice is to divide the 

entire coastline into “sediment cells” which are defined as a length of 

relatively self-contained coastline, in relation to the exchange of sand to 

adjacent cells. Philosophically, coastal uses/works which interrupt littoral 

drift of sand affect the same cell, but do not have a significant effect on 

neighbouring sediment cells. The boundary of a sediment cell generally 

coincides with larger estuaries or prominent headlands. In the Guidelines 

(Black et al., 2017), the criteria for sediment cells is given as follows: 

Criteria for Sediment Cells 

Primary Cells: Coastal geomorphology (headlands, promontories, bays, 

etc), sources of sediments, stores of sediments, interface of rocky-sandy-

muddy coast; 

Secondary Cells: Changes in littoral front, change in coastal alignment, 

decadal erosion / accretion, man-made littoral barriers, tidal inlets / river 

/ creek mouths, delta front; 

Management Units: Coastal land-use, fishing related activities, erosion / 

accretion / protection measures, proposed development plans, sediment 

input from rivers, industrial areas, settlements, tourism areas, other 

coastal activities, polluted areas / salt pans / aquaculture / salt water 

intrusion, dredging and reclamation, sand / other mining areas, marine 

protected areas, ecologically sensitive areas, elevated areas, defense 

areas, archaeological / heritage sites, CRZ boundaries 

 
However, the selection of sediment cell boundaries has been subjective. 

There’s a need to have some basis for the selection of the cell and to be 

confident that the cells are truly independent of each other. This is 

especially important in Maharashtra, where headland beaches are very 

common.  

The simplest way to define the cells may relate to headland length. Long 

headlands clearly provide a larger blockage to sand movement from one 

beach to the next than small headlands. 

 
 
 

Defining sediment cells 

assists Shoreline 

Management Plans by 

illustrating the links 

between inputs, stores, 

transfers and outputs 
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5.2 Modelling of Seabed Disturbance 

The Model 2DBeach from the “3DD Suiite of Physical Process Models” was 

adopted to examine the wave orbital motion at the seabed. Waves in 

shallow and intermediate depths create an oscillating current at the seabed. 

This has the capacity to mobilise seabed sediments. The goal of the model 

was to find the depth where sediment is first mobilised. 

Model tests used a simple linear seabed profile from 35 m depth rising up to 

-5 m above CD. The tide was taken as 1.8 m above CD. The wave period was 

9 s, as in the monsoon. Two heights were simulated H=2 m and H=6 m. It’s 

assumed that any orbital current above 0.3 ms-1 has the capacity to move 

the typical sands found along the Maharashtra coast. In an actual case, the 

threshold would be more carefully defined in accordance with measured 

grain sizes, but the 0.3 ms-1 value provides a typical value. 

Figure 5.1 shows the bathymetry and the two model simulations. The zone 

where sand can be mobilised is shaded maroon. The results show that 2 m 

waves will disturb down to 11 m below CD while the 6 m waves disturb 

sediment to 19 m depth below CD. Notably, 6 m waves are common in the 

monsoon although smaller heights occur. For the sake of simplicity, the 

analysis suggests that a convenient depth of disturbance is 20 m below MSL. 

This is very deep (and much deeper than off many long headlands in 

Maharashtra). Sand can move between beaches even if they are separated 

by long headlands. An example is shown for Ganapatipule in Figure 5.2. For 

just a 2 m wave height, the zone of disturbance extends well beyond the 

headlands in the monsoon. For smaller 1 m waves which occur in the dry, 

the disturbance zone is better contained within the headlands but still 

substantial even for these small wave height conditions (Figure 5.2). 

Notably, the northern headland is 2.2 km long and the southern is 1.0 km 

long (Figure 5.3).  

This result provides guidance about defining sediment cells, noting that 

many of the beaches are linked by sediment transport but they may be 

primarily linked during the monsoon only. So far, the model shows only that 

sand can be mobilised in these depths. But the analysis has not yet shown 

whether beach sand can be moved out to these depths in the monsoon. 

A commonly-adopted wave breaking criterion is, 

         

Where D is the wave breaking water depth, H is the wave height and γ is the 

wave breaking criterion, normally taken as 0.78. Thus, 2, 4 and 6 m waves 

will break in depths of 2.6 m, 5.2 m and 7.8 m. In the monsoon, sand is  

 

Many of the beaches 

are linked by sediment 

transport but they may 

be primarily linked 

during the monsoon 

only 
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carried from the beach to the breakpoint bar, and so it can reach 8 m 

without other assistance. 

In addition during the monsoon, the onshore winds bring surface water 

shoreward at the sea surface which is compensated for by offshore flows at 

the seabed. At Chavara (Kerala), near-bed current meters deployed at 8 m 

depth showed offshore flows associated with the onshore winds during the 

monsoon (Kurian et al,. 2002). Figure 5.4 shows the measured currents 

compared to a 3-dimensional hydrodynamic model of the flows. They are 

both in good agreement. This confirms that sand taken from the beach 

during the monsoon can move to at least 8 m depth. As described in a 

previous chapter, the waves mobilise the sand which is then moved in the 

direction of the current.  

Black et al (2008) demonstrated that on the Kerala coast the sand moves 

offshore in the monsoon and is carried south by prevailing winds. It moves 

back to the beach during the dry season by waves, where it’s then carried 

north by littoral drift (Figure 5.5). This is a mechanism that would allow sand 

to bypass many headlands along the Maharashtra coast. Most of them do 

not extend out beyond 10 m depths (Figure 5.6). 

 

 

 

Figure 5.1 Bathymetry (upper panel) and the zones where the wave orbital 

currents exceed a sediment threshold of 0.3 ms-1. 
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Figure 5.2 Zone where 2 m high waves are able to disturb sediment at Ganapatipule, assuming a 
sediment threshold of mobilisation of 0.3 ms-1. Left panel is the depths in the Bay. 
Centre and right panels show the zone above threshold (maroon colour) for heights of 2 
m and 1 m respectively. The right panel shows the surf zone for the 1 m wave height. 

 

Figure 5.3 Ganapatipule. The northern headland is 2,100 m long and the southern is 1,000 m long. 
The beach is over 8 km long. 
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Figure 5.4 Net currents measured near the seabed during the monsoon at 8 m depth (left panel) 
and predictions of the 3-dimensional computer model 3DD using the measured wind 
conditions (right panel). The arrow shows the direction of net current movement at the 
seabed for the data and model (Source: Kurian et al 2002). 

 

 

Figure 5.5 The step-ladder of sediment transport (from Black et al. 2008). 
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Figure 5.6 Hydrographic Chart of Mirya Bay (Chart No. 2028) showing even large headlands do not 

reach up to the 10 m contour (blue line). 
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5.3 Sediment Cell Definition 

As noted above, sediment cells are normally defined with boundaries 
relating to large headlands or large river entrances. In relation to river 
entrances, it was shown in the previous chapter that rivers are bypassing 
sediment and pushing sediment offshore. Thus, rivers act to support 
bypassing and so they should not be used as a Sediment Cell boundary. 
 
The analysis has shown that sediment can be carried out to 8-10 depths 
from the coast during the monsoon. It also showed that sediment is 
mobilised out to at least 20 m depth. Finally, the analysis shows that many 
of the headlands do not extend to 10 m and so by-passing may be common 
during the monsoon. While more analysis can be undertaken, there is 
enough information for a definition of a Sediment Cell to be determined.  

5.3.1 Sheltered beaches 

Beaches which are rotated and sheltered from the monsoon form a special 
case. Specifically, they may have shorter headlands and still be essentially 
isolated. No special allowance has been made for these in the Maharashtra 
coast sediment cells. 

5.4 Sediment Cells along the Maharashtra Coast 

For the SMP, the lengths of the headlands along the Maharashtra coast 
were measured (Figure 5.7). As discussed in the previous chapter, the 
lengths are very long with an average of 860 m. From the analysis above, the 
cells have been defined in Table 5.1. Headlands greater than 2000 m long 
are taken as primary cells and headlands greater than 1 km long define the 
secondary cells. While refinement of these definitions may continue to 
evolve as more measurements become available, these definitions provide a 
non-subjective method to determine the cell boundaries. 
 
The primary cells are considered to be isolated from each other. The 
secondary cells define the beaches that are semi-isolated, particularly during 
the smaller waves of the dry season. Tertiary cells allow regular bypassing. 
Notably, bypassing may still occur in the largest wave events and so very few 
cells can be considered to be totally isolated. There are more primary cells in 
the north than the south. The southern beaches appear to be better linked, 
as seen in the consistent grain size and white colour of those beaches. 
 
Each sediment cell or sub-cell is normally divided into smaller “Management 
Units”. This document goes beyond the sub-cells to deal with each beach. 
Thus, the smallest sub-cell or management unit in the Maharashtra SMP is 
each beach.  
 
The primary sediment cells along the Maharashtra coast are presented in 
Figure 5.8. 

Sediment cells are 

normally defined with 

boundaries relating to 

large headlands  
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Figure 5.7 Measured headland lengths along the Maharashtra coast. Primary cells occur in 
zones bounded by headlands greater than 2000 m long and secondary cells are 
zones bounded by headlands greater than 1000 m long. 

 
Table 5.1 Definition of Sediment Cells 

Primary Cells Zones separated by headlands more than 2 km long  

Secondary Cells Zones separated by headlands more than 1 km long 

Tertiary Cells Zones with headlands less than 1 km long 

Management Unit Individual beaches 

 
Table 5.2 Primary sediment cells of Maharashtra 

Primary Cell No. From To Cell length 

1 Redi Fort (Sindhudurg) Ranpar (Ratnagiri) 135 km 

2 Ranpar (Ratnagiri) Bhagwati Fort (Ratnagiri) 10 km 

3 Bhagwati Fort (Ratnagiri) Jackimirya (Ratnagiri) 4 km 

4 Jackimirya (Ratnagiri) Kond Karul (Ratnagiri) 41 km 

5 Kond Karul (Ratnagiri) Adgaon (Raigad) 164 km 

6 Adgaon (Raigad) Colaba (Mumbai) 171 km 

7 Colaba (Mumbai) Malabar Hill (Mumbai) 5 km 

8 Malabar Hill (Mumbai) Tarapur (Palghar) 172 km 

9 Tarapur (Palghar) Gujarat   
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Figure 5.8 Primary sediment cells along the Maharashtra coast.   
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 Chapter 6 Man-made Coastal Structures 

The most common man-made coastal structures in India are seawalls, 

groynes and breakwaters associated with ports. Figure 6.1 shows examples 

from Maharashtra. 

The beach is normally absent in front of a seawall due to wave reflection / 

turbulence and their steep slope. Seawalls act as land protection, rather 

than beach protection. 

Many of the beaches of Maharashtra already have headlands and so 

groynes have been mostly used as river training walls only. They block beach 

sand transport and often the beach will be wider on one side and scoured 

downstream. Downstream impacts can be large on “Hungry” beaches. 

Breakwaters are used for port construction. If they are badly designed, they 

can trap beach sand in the form of a sand fillet (Figure 6.1).  

 

        Figure 6.1 Seawall, groynes and breakwaters from Maharashtra.  

Human intervention in 

a coastal system, in the 

form of coastal 

protection or port 

structures for example, 

is likely to have 

repercussions 

elsewhere in the 

system 



Shoreline Management Plan, Maharashtra 2017   

52   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 7 Selection of Solutions 

7.1 Introduction 

The Guidelines (Black et al., 2017) describe the Environmental Softness 

Ladder (ESL) for sensitive and practical selection of methods to be adopted 

in Indian projects. The reader is referred to that document for full 

information on coastal processes, environmental audit of the methods being 

adopted in India and the legal and legislative frameworks. Here, an excerpt 

from the Guidelines is presented. 

 

7.2 Determining Solution “Softness” 

Two tools from the Guidelines support engineers and stakeholders when 

choosing the best solutions for beaches: 

(i) Environmental Softness Ladder (ESL) defining the soft/hard 
ranking of the adopted protection measure in relation to 
potential environmental effects; 

(ii) Coastal protection assessment (“C-Guide”) which allows the 
project, submitted documents, and the quality of the submission 
to be ranked. 

Both demonstrate the utilization and relevance of the Guidelines for 

decision making. The goal is to advance current practices, while preparing 

for climate change. 

7.2.1 Environmental Softness Ladder 

ESL is based around coastal audits, case studies of existing projects, 

scientific assessment and published research. The goal is to rank the 

potential environmental effects of structures, rather than 

recommending preferences for favoured methodologies. 

Examples can be found in the Guidelines which discuss potential 

interventions: (i) sand-based solutions, and (ii) construction-based 

solutions. ‘Planned retreat’ (or ‘do nothing’), identifies regions as 

sacrificial. No relief is provided for erosion, overtopping or flooding. 

ESL is a process to be followed by proponents, rather than a point 

scoring system. As in the Guidelines, softer projects higher on the 

ladder will find it easier to gain approvals. All rungs on the ladder 

represent a stage. 

 

Sound decisions are 

needed because coast 

protection expenditure 

is already large and 

likely to become a 

significant fraction of 

Gross Domestic Product 

under future Climate 

Change  
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This means that options higher on the ladder must be fully considered 

and eliminated with proper justification before proceeding to a harder 

protection methodology which is lower. With full adoption by the 

coastal states, projects at the base of the ladder will need considerably 

more studies and investigations than those at the top. The goal is to: (i) 

encourage the use of the softest possible solutions, and (ii) ensure that 

softer options have been formally ruled out as unsuitable. The ladder 

representation is a gentle reminder that the lower you go down the 

ladder, the harder it gets.  

7.2.2 The C-Assessment 

The ‘C-Guide’ methodology is based on ‘expert panel assessment’ which 

is now widely accepted in India as a way of making decisions based on a 

range of complexities. C-Guide contains a series of questions, which 

follow the same categories as the Guidelines. The forms to be filled out 

are in two sections: 

Form-1: Basic Project Information: to be filled out by the proponent 

Form-2: Adjudicator Assessment and Recommendations: Rating the 

quality of the submissions and studies undertaken. 

The cost of the project is treated as independent of the technical 

information (similar to tendering norms). The C-Guide forms are focused 

on the application of the Guidelines, not the cost. The goal is to identify 

compliance and the strengths and weaknesses in proposed schemes, and 

allows the adjudicator committee to recommend improvements.  

 

  

The ESL formally ranks 

the potential 

environmental impacts 

of coastal protection 

solutions 

 

In this way, a 

structured approach 

can be adopted with a 

clear knowledge of the 

potential effects 
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Table 7.1 Environmental Softness Ladder (ESL) for coastal protection solutions. Hardness relates 
to potential environmental impacts, rather than cost of construction, method of 
construction, materials adopted or preferences for particular coastal protection 
methods. 

Title Methodology 
Environmental 

softness ranking 

Softness 

category 

Dune care 
Replanting, fencing, walkways on 

dunes 
1 Soft 

Dune restoration 
Sand replacement from the beach 

or surf zone 
2 Soft 

Nourishment 
Major sand replenishment; sand 

source is offshore or external 
3 Soft 

Offshore reefs 
Reef is built offshore, normally in 

3-8 m depth 
4 Moderate 

Offshore 

islands/breakwaters 
Emerged offshore structure 5 Moderate 

Nearshore reef 
A reef is built close to shore or on 

the inter-tidal beach 
6 Moderate 

Low-crested groynes 

Series of groynes with crests 

lower than high tide, and less 

than 100 m long 

7 Moderate 

Short, high-crested 

groynes 

Groynes with crest above high 

tide, but less than 100 m long 
8 Hard 

Long, high-crested groynes 
Groynes longer than 100-300 m 

with crest above high tide 
9 Hard 

Headland groynes 
Groynes/headlands longer than 

300 m with high crest 
10 Hard 

Low gradient seawalls 

A long shore wall is built to 

protect the land with front slope 

gradient <1:15 

11 Hard 

Steep seawalls 

A longshore wall is built to 

protect the land with front slope 

gradient >1:15 

12 Hard 
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Chapter 8 Action Plans 

8.1 Introduction 

Action Plans are the key to Shoreline Management outcomes. They provide 

recommendations about activities to be undertaken across the full spectrum 

of potential activities ranging across shoreline protection, tourism 

development, protected areas, ports, sediment sources and community 

aspirations. This chapter is focussed on specific tasks while a broader 

overview is presented in Chapter 10: Special Attributes. 

In this document, our Management Units are individual beaches and so 

Action Plans are presented for each. This chapter summarises the 

recommendations presented in Appendix 2: Individual Beach Assessments.  

Several priority projects have been identified and these are presented first.  

Some of the recommendations signify a “cultural shift”, whereby rock 

seawall protection is being replaced by beach nourishment. The need to 

bring back beaches to Mumbai for the public has been a key driver, along 

with the demand to have protection which is suitable under Climate Change.  

Other projects relate to erosion issues on sandy beaches. The Environmental 

Softness Ladder has been a guide, leading to a preference for sand-based 

solutions, with some construction which is mid-range on the Softness Ladder 

such as offshore reefs.  

 

8.2 Priority Actions 

In consultation with MMB and through detailed assessments (Black and 

Mathew, 2017), several beaches require priority actions. A needs-based 

assessment was made which was guided by development needs, urgency, 

public use and tourism planning. These beaches are presented in Table 8.1 

with the actions required. 

  

Management Units are 

individual beaches and 

so Action Plans are 

presented for each 

beach 
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Table 8.1  Action plans for priority beaches 

Sl. No. District Beach Name  Recommended Action 

ACTION PLANS FOR PRIORITY BEACHES  

1 Sindhudurg Mochemad 
Beach, sand dune and turtle conservation, 
with research and visitor facilities and 
visitor port.  

2 Sindhudurg Devbag  Beach nourishment and offshore reef 

3 Sindhudurg Tarkarli  Beach nourishment 

4 Sindhudurg Malvan  Dune and berm nourishment 

 
5 Ratnagiri Bhatye  Dune nourishment  

6 Ratnagiri Mirya  Beach nourishment and headland reef 

7 Ratnagiri Ganapatipule  
Offshore reef to protect the temple with 
beach nourishment 

 
8 Raigad Murud  Beach management with public facilities 

9 Raigad Kashid  Beach management with public facilities 

 

10 Mumbai Girgaon Chowpatti 
Potential for extending the nourishment  
around the Back Bay 

11 Mumbai Dadar/Mahim  
Beach nourishment, improve Mithi River 
discharge water quality and potential 
marina development 

12 Mumbai Juhu  Beach management with public facilities 

13 Mumbai Aksa  Beach management with public facilities 

 

8.3 Individual Beach Actions 

The Individual Beach Assessment (Appendix 2) has shown which beaches are in need of action. 

In this section, the Action recommendations from Appendix 2 are summarised. There are many 

beaches and so the tables are constructed at a District Level. 
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Table 8.1 Action plans for individual beaches 

Beach 
Number 

Beach Name  Recommended Action 

Sindhudurg District 
A1 Redi Ganesh temple  No action 

A2 Siddheshwar temple  Nourishment. Further site specific investigations  are required to 
design the nourishment 

A3 Redi fort  No action 

A4 Shiroda   No action 

A5 Aravali   No action 

A6 Mochemad 
 Dune and turtle conservation, with research and visitor facilities 
and visitor port. 

A7 Kurlewadi  

 Further monitoring of the beach width changes between 
monsoon and summer periods and dune recovery after storm 
events. Eliminate inlet entrance dredging or ensure that dredged 
sand is put to the beach 

A8 Dayasagar  

 Further monitoring of the beach width changes between 
monsoon and summer periods and dune recovery after storm 
events. Eliminate inlet entrance dredging or ensure that dredged 
sand is put to the beach 

A9 Sagareshwar   Dune nourishment  

A10 Medha   No action 

A11 Kondura   No action 

A12 Kalavi   Conservation of the area, especially turtles. Move the road 
further inland 

A13 Khavane major  Conservation of the area. No beach protection required 

A14 Khavane minor  No action 

A15 Nivati   No action. Prevent construction  on the beach going further 
seaward 

A16 Bhogwe   No action 

A17 Devbag   Beach nourishment and offshore reef 

A18 Tarkarli   Dune and beach nourishment 

A19 Malvan   Dune and berm nourishment 

A20 Chivala  No action.  The construction on the sand dune should be 
removed and no further construction allowed on the beach 

A21 Kolamb  

 No action. Construction of any form (e.g. roads, seawalls, fisher 
storage facilities, resorts) which are on or close to the beach 
needs to be totally banned. Potential tourism and fishing beach. 
The beach morphology has conservation value and needs to be 
protected 
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Beach 
Number 

Beach Name  Recommended Action 

Sindhudurg District 

A22 Talashil  

No action. Further construction (e.g. roads, seawalls, fisher 
storage facilities, resorts) which are on or close to the beach 
needs to be banned. Potential tourism and fishing beach. Roads 
should be built along the river bank, with protection if required. 
The sand spit which is currently uninhabited needs to be 
preserved 

A23 Achara  No action. No need for river entrance training walls. Roads are 
best placed along the river side, not the beach. 

A24 Munage  No action. Very natural beach in good condition 

A25 Tambeldeg  

Monitor the north seawall performance and the beach 
narrowing.  Road on the beach at the south needs to be moved 
to the river side of the spit, with river bank protection if required. 
Dredging of the entrance or the construction of training walls is 
not recommended. 

A26 Kunkeshwar  No action now. However, erosion can be expected due to the  
presence of the road on the beach 

A27 Mithmumbari  

Training wall at the river entrance is not required. Dredging of 
the river entrance should be prevented. The road on the sand 
dune should be moved inland and construction should be 
blocked on the sand spit landward of the road 

A28 Taramumbari  No action 

A29 Devgad south 
No action except prevention of construction  on the sand dune 

A30 Padvane  No action. Potential conservation area 

A31 Padel  
No action. Potential conservation and tourism area. Need to 
ensure that construction is not too close to the beach. Minor 
concerns about the concrete boardwalk 

A32 Vijaydurg   No action 

Note:  Priority beaches are shown in red colour 
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Beach 
Number 

Beach Name  Recommended Action 

Ratnagiri District 
B33 Dandewadi   No action. Monitor road issues 

B34 Madban   No action 

B35 Ambolgad   No action 

B36 Godvane   No action 

B37 Purngad   No action 

B38 Ganeshgule   No action 

B39 Bhatye  Dune nourishment  

B40 Mandavi  No action. Monitoring of the beach 

B41 Mirya  Beach nourishment and headland reef 

B42 Kalbadevi   No action 

B43 Ware   No action 

B44 Bhandarpur   No action 

B45 Ganapatipule  Offshore reef to protect the temple with beach nourishment 

B46 Malgud   No action 

B47 Reel   No action. Dredging of south river not required for fishing boats 

B48 Tavasal  No action. Potential sand extraction site offshore for  beach 
nourishment 

B49 Rohile   No action 

B50 Hedavi   No action 

B51 Velneshwar   No action 

B52 Karul   No action 

B53 Borya  Redesign of the groyne.  May be suitable for nourishment 

B54 Palshet   No action 

B55 Guhagar  
Further investigation of the seawall. May be suitable for 
nourishment. Buildings too far forward 

B56 Kolthare   No action 

B57 Ladghar  Complex zone requiring studies 

B58 Karde  Further investigation required 

B59 Murud  
Detailed studies required. Permanent structures must be moved back 
and others continue to be removed during the monsoon. Facilities for 
domestic tourists required 

B60 Palande   Monitoring of the beach and seawall zone 

B61 Harnai  
Dune and beach nourishment with a coarser sediment.  Further 
investigations 

B62 Anjarle  Monitoring 

B63 Kelshi   No action 

Note:  Priority beaches are shown in red colour 
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Beach 
Number 

Beach Name  Recommended Action 

Raigad District 

C64 Harihareshwar   No action for the beach. Assess suitability of sand in the large 
river entrance to the south 

C65 Shrivardhan   Monitoring 

C66 Aravi kondvil   No action 

C67 Diveagar   No action 

C68 Velas Agar  No action 

C69 Janjira   No action 

C70 Murud   Beach management with public facilities 

C71 Nandgaon   Monitoring 

C72 Kashid   Beach management with public facilities 

C73 Korlai   No action. Nourishment not suitable. Re-settlement of vulnerable 
properties 

C74 Revdanda   No action 

C75 Nagaon   No action 

C76 Akshi   No action 

C77 Alibag  Monitoring and better management of the foreshore 

C78 Versoli  No action 

C79 Kihim   No action. Potential for offshore reef with nourishment 

C80 Awas   No action 

C81 Saaral   No action 

C82 Mandava   No action. Potential for nourishment with coarser sand 

C83 Uran   No action 

Note:  Priority beaches are shown in red colour 
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Beach 
Number 

Beach Name  Recommended Action 

Mumbai and Thane Districts 

D84 Girgaon Chowpatti Potential for extending the nourishment around the Back Bay Potential 
for extending the nourishment  around the Back Bay 

D85 Priyadarshani park 
No action. Potential for headland extension  from the south on the 
existing shallow offshore rock ledge to reduce monsoon wave impacts 
plus nourishment, preferably with a coarser grain size. 

D86 Dadar  Beach nourishment, improve Mithi River discharge water quality and 
potential marina development 

D87 Juhu  Beach management with public facilities 

D88 Versova  No action. Medium sand in the bay near the river has potential for 
nourishment. 

D89 Aksa  Beach management with public facilities 

E90 Gorai  Improve public facilities 

Note:  Priority beaches are shown in red colour 

 

 

Beach 
Number 

Beach Name  Recommended Action 

Palghar District 
F91 Vasai    No action 

F92 Rangaon   No action 

F93 Kalamb   No action 

F94 Rajodi   No action 

F95 Navapur   No action 

F96 Arnala   No action 

F97 Kelwa   No action 

F98 Mahim   No action 

F99 Satpati  
 No action. Monitor and consider beach  nourishment sand from Satpati 
River dredging 

F100 Nandgaon   Monitor the impacts of Atomic Power Station structures across the 
beach platform and polluted river 

F101 Chinchani   No action 

F102 Dahanu   No action. Large port proposed offshore 

F103 Bordi   No action. Potential for beach and dune nourishment 
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Figure 8.1 Action plans for Sindhudurg District beaches 
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Figure 8.2 Action plans for Ratnagiri District beaches 
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Figure 8.3 Action plans for Raigarh District beaches 
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Figure 8.4 Action plans for Mumbai and Thane Districts beaches 



Shoreline Management Plan, Maharashtra 2017   

66   
 

 

Figure 8.5 Action plans for Palghar District beaches 
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Chapter 9 Sediment Sources 

9.1 Introduction 

Beach nourishment is dependent on finding suitable sediment sources. 

Given the reduction in sand resources in India (due to building demand, 

sand mining, damming of the rivers etc.) the need to find suitable sources is 

a critical element of the Shoreline Management Plan.  

Beaches in Maharashtra go through major seasonal changes, with erosion in 

the monsoon and accretion during the dry season. Thus, the sediment is 

constantly being disturbed by natural processes. It has been shown that fine 

sands (with sizes less than about 0.15 mm) are not suitable for nourishment 

under the Maharashtra wave conditions. They slump to form very wide and 

low gradient beaches containing millions of cubic metres. Both the stability 

and exponential increase in cost of using fine grain sand precludes its use, 

unless the beach is very sheltered from waves or the fine materials are 

buried below a cap of coarser sediments. Best sizes are greater than 0.2 

mm. 

 

9.2 Sand Extraction Locations 

Table 9.1 suggests generic extraction locations and ranks the environmental 

impacts from best to worst. Most of these are well known and so a 

description is not required.  

9.2.1 Surf zone 

The surf zone is very dynamic with large volumes of sand being moved 

around every day. However, beaches in India often have very small sand 

dunes. This is because the waves are rarely able to bring the sand up to the 

dune elevation. Moreover, many residents living on the dune consider 

overtopping by waves to be flooding, inundation or erosion (see Chapter 4). 

In some countries, sand is swept to the dune by strong onshore winds. But 

this is less common in Maharashtra.  

Sand extraction from the surf zone acts to overcome this deficiency and the 

public reluctance to accept natural processes which overtop the dune. A 

long arm digger works from the tide line to extract around 10 m3/m of sand 

from below the low tide line. A bulldozer can then push this sand up and 

over the dune. This activity may be repeated several times along a beach by 

working to the end and then returning to the start to allow recovery.  

Progressively less sand 

will be available to 

sustain the beaches of 

Maharashtra due to 

various interventions, 

which deprives the 

system of sediment, 

coupled with rising sea 

level 
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Monitoring of depths and the beach profile should be conducted 

simultaneously. 

The best time for surf zone extraction is when the beaches are building up 

after the monsoon during September to December. 

9.2.2 Offshore of river entrances 

Previously, it’s been shown that extraction from river entrances can have 

dire consequences for adjacent beaches. However, further offshore in 

depths greater than about 10 m, the connection to the beach is not as 

strong. Historically, the old rivers have been depositing sand for 1000’s of 

years. There are also many drowned river valleys (from previous lower sea 

levels) and these can contain large volumes of sand. Consequently, there 

may be large volumes of suitable sand in front of the big rivers at depths of 

10-15 m. Several potential sites are presented here for further investigation 

(Figure 9.1). Notably, the rivers to the north are expected to provide finer 

sediments than those to the south. 

Mandatory clearances and environmental studies will be needed. The first 

stage would be an assessment of the site conditions, including sediment 

quality and volume on these locations. Extraction of sand is recommended 

for beach nourishment, not construction purposes. 

9.2.3 Offshore on the continental shelf 

While there may be sediments offshore on the continental shelf, it’s 

recommended that the old river entrances beyond 10 m depth be given 

priority first as they are more likely to provide the required sands. 
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Table 9.1 Ranking of sand extraction options for nourishment from environmentally best to worst. 

Extraction location Benefits / Impacts 

Ports 
Port channel dredging provides a good source of sediment. 
There are also some old spoil dump grounds and sand 
which has been placed on land. 

Structure fillets 

Sand will often build up on the upstream side of a beach 
structure, e.g. against river training walls or beach fillets at 
port breakwaters. These may be back-passed or by-
passed. 

Coastal sand quarries at least 500 
m from the shore 

Many parts of the Maharashtra coast are low-lying and 
infilled by historical beach sediments. Land to be 
purchased. 

Rock crushed to beach sand 
Grain size can be selected, but cost is higher than natural 
sources. Quarry and transport environmental impacts. 

Dams 
Large dams accumulate sediment which could be brought 
to the beach. Sediment suitability would need to be 
determined for each case. 

Surf zone 
Negligible impacts as the surf zone is very dynamic 
naturally. Best done after the monsoon (Oct-Dec) when 
the beach is building.  

Structure fillets 
Sand will often build up on the upstream side of a beach 
structure.  

Offshore of river entrances 
In front of the rivers in depths greater than 10 m, historical 
sedimentation is present. By dredging offshore, the 
impacts are greatly reduced. 

Offshore on the inner shelf 
beyond 10 m depth 

Offshore extractions in depths beyond 10 m are likely to 
have limited impact on the beach. However, the fisheries 
impact has yet to be determined. 

Rivers more than 2 km upstream 
of the entrance 

Many rivers have buried sediments which are not being 
moved by river flows to the beaches. However, rivers 
supply essential sand for the beaches. Thus, extraction 
from a river can reduce the volumes coming to the beach. 

Mangrove islands 

Historically, mangroves have been protected in India 
(CRZ). However, colonisation has led to infilling and 
eventual reclamation of the land. Mangrove islands in 
rivers could be accepted as suitable for dredging, while 
leaving the river fringes untouched. 

River entrances 
Navigational dredging is common in river entrances but 
these are connected to the beach and erosion is expected 
over 5+ years 
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Figure 9.1a Karli River at Devbag (left panel) and Achara River at Pirawadi (Sindhudurg District).  

 

    

Figure 9.1b Devgad River at Devgad (left panel) and Vaghotan River at Vijaydurg(right panel) 

(Sindhudurg District). 

 

    

Figure  9.1c Vaghotan River at Ambolgad (left panel) and Muchkundi River at Bhandarwadi (right 

panel) (Sindhudurg District). 
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Figure 9.1d Jaigad River at Jaigad (left panel) and Vashishti River at Dabhol (right panel) 

(Ratnagiri Distrcit). 

 

      

Figure  9.1e  Savitri River at Bankot (left panel) and Rajpuri River at Murud (right panel) (Raigad 

District). 

 

    

Figure 9.1f Kundalika River at Revdana (left panel) (Raigad Distrcit)  and Thane Creek in Mumbai 

(right panel). 
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Figre 9.1g Vaitarna River at Arnala (left panel) and Vasai Creek at Vasai (right panel) (Palghar 

District). 
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Chapter 10  Special Attributes 

10.1 Introduction 

A Shoreline Management Plan examines existing infrastructure, stakeholder 

aspirations and future needs to seek a balanced and sustainable future for 

the coast. There are many opposing demands with ports, navigational 

requirements, sand mining, residential and business growth in the CRZ and 

government needs like roads, power stations, transport etc. In addition, 

sand mining is a large industry and ports are sometimes removing sand for 

reclamation or the sand is dumped offshore due to fears about sand 

returning to the channels.  

Balancing these matters in a complex societal framework is a challenge. The 

Shoreline Management Plan, however, can establish guidelines. At the same 

time, the SMP may assist with “focus areas” for tourism, ports or 

conservation. The SMP has no statutory power, but the document brings 

together data collection, consultation and knowledge. Thus, it forms an 

important part of future planning. In this chapter, special attributes of the 

Maharashtra coast are considered. 

10.2 Tourism 

Northern and Southern Maharashtra have very different scenery. The north 

is muddier with wide flat beach platforms consisting of rock ledges and fine 

sand. This area is unlikely to become a major tourism hub, especially for 

internationals. It has some big rivers with wide entrances and thereby has 

potential for port and industry development and larger cities.  

On the contrary, southern Maharashtra is blessed with white sandy beaches 

between majestic headlands and interspersed with relatively clear rivers. 

The southern beaches have been identified already as a tourism hub and a 

new airport is being developed at Devbag. Being relatively unspoiled, this 

region needs strong conservation rules so that tourism does not lead to 

degradation and the eventual loss of a beautiful tourism resource. 

Construction rules adjacent to the beach need to be strictly enforced, illegal 

sand mining must be halted, and dredging of river entrances (for navigation) 

needs to be minimised or halted.  

 

10.3 Malvan Marine Sanctuary 

The Government of Maharashtra has declared port of Malvan coastal waters 

as Marine Sanctuaries on 13 April 1987, with a core zone of 3.182 km² and  

There are many 

opposing demands with 

ports, navigational 

requirements, sand 

mining, residential and 

business growth in the 

CRZ and government 

needs like roads, power 

stations, transport etc. 

 

The SMP may assist 

with “focus areas” for 

tourism, ports or 

conservation 
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buffer zone of 25.94 km² (total area of 29.122 km²). The core zone includes 

the Sindhudurg Fort, Padamged Island and other submerged rocky 

structures. The north eastern border of the buffer zone is 50 m from the sea 

near Malvan Port, while on the east, it’s a semi-circular sandy beach 500 m 

parallel to the shore of Malvan, bounded in the south near Mandel rock and 

in the west at Malvan rock (Figure 10.1). 

Malvan Marine Sanctuary exhibits a great diversity of flora and fauna. In fact 

Malvan is considered to be the biologically richest coastal region of 

Maharashtra (Figure 10.2). The marine flora and fauna comprises seaweed, 

pearl oyster, polychaetes, molluscs, sea anemones, egrets, plovers, black- 

headed gulls and many more. More than 30 species and sub species of 

fishes dwell in the sanctuary. Prominent commercial varieties include 

Mystus seenghala, Tor putitora, Labeo calbasu, Labeo dero, Labeo rohita 

and others.  

 

 

Figure 10.1 Hydrographic Chart of Mavlan Bay in Sindhudurg District. 
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Figure 10.2 Malvan Marine Sanctuary (source: http://www.indian-

wildlife.com/malvanmarinesanctuary.htm) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The zoning of a Sanctuary at Malvan is a major milestone, but activities 

within this zone have not fallen into line with this important zoning. Fishing 

is still active in the Sanctuary boundaries which means that the park has 

limited purpose. The shoreline in this zone has been recently subject to 

extensive data collection and modelling, revealing a finely balanced and 

sensitive beach stretching from Malvan to Devbag needing care (Black and 

Mathew 2017). 

The fishers will benefit in the long term from Sanctuary zoning, especially 

with “No-take” zones which have worked very successfully in other 

countries to ensure that breeding adult fish stocks are left unhindered. 

Removal of the large and valuable adults by fishermen can lead to collapse 

of the industry. More educational training and stricter enforcement is 

needed.  

Although not always enforced, regulations already exist for management of 
similar area’s and example activities needing to be constrained include: 

 collecting or hunting marine plants or animals 

 tourism programs 

 commercial mammal watching 

 construction of jetties and pontoons 

 installation and operation of floating structures, including moorings 

 maintenance, such as repairs to structures 

 dredging and disposal of dredged material 

 beach nourishment 

 waste discharge from a fixed structure 

 anchoring and mooring for an extended period 

 education programs 

 research 

 operating a hovercraft or hydrofoil 
 
 
 

The zoning of a 

Sanctuary at Malvan  is 

a major milestone 
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To ensure the long-term future of this area, an enforced Plan needs to be 
followed. This may require establishment of a policing post with 
environmental control duties. 
 

10.4 Conservation Areas 

The study has identified a Conservation Area at Mochemad, Sindhudurg 

District in southern Maharashtra. This beach has turtle nesting and a wide 

natural hinterland of sand dunes and potential for development of 

conservation activities.  It could provide a marine research centre, turtle 

breeding and public visits on controlled pathways. By sustaining this site, it 

will provide an example of how to maintain and zone beaches, while 

presenting opportunities for national and international research. 

Community engagement in this area would provide baseline education 

about beaches and the marine environment. To be successful, a renowned 

coastal expert would need to be appointed to establish and develop these 

opportunities. 

 

10.5 Ports 

Ports are a critical infrastructure for any society. They range from major 

container ports in Mumbai to tiny fishing ports in the natural backwater 

channels of the inlets. In terms of their impacts, the large ports can absorb 

beach sands for reclamation, but they may often produce a source of sand 

during the channel dredging. Ports need to accept a whole environment 

approach, including adjacent beaches.  

10.5.1 Fisheries ports 

Fishers demand safe shelter for their boats. Already along the Maharashtra 

shore there are hundreds of small and medium areas used by the fishermen 

and many are natural. These are summarised in the GIS maps of Appendix 1. 

While fisheries is a very important sector, there needs to be further planning 

of the ad hoc river entrance dredging. At least the sand should be put to 

adjacent beaches.  

 

10.6  Pollution 

Pollution from heavy industry, urban areas and plastics are causing 

substantial degradation of the natural environment and fisheries. Pollution 

impacts on human use of the waterways and the safe use of beaches by the 

public. While this SMP has no jurisdiction over inland industry and city waste  
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discharge, they need to be considered in tourism plans for the beaches. The 

SMP stresses the need to prevent any degradation by pollution of the 

beaches, particularly in the south. 

 

10.5 Interdepartmental Coordination 

The minimal cooperation between the various departments with rights to 

construct within the CRZ are well known in India. Government departments 

have rights that other stakeholders often envy. One example is the 

construction of roads. Our assessment of the coast has revealed that many 

roads are being built on the beach or sand dune (Figure 10.3a,b), particularly 

on narrow sand spits. The roads are nearly always protected by a rock 

seawall. Road building by Public Works and Fisheries departments or local 

self-governments have no staff with coastal expertise and no training is 

given. 

This practice is convenient for the road builders who don’t need to deal with 

land owners, however it’s poor planning. If dealing with landholders proves 

to be too difficult, the SMP recommends that the road should be built on 

the river side of narrow sand spits, not on the beach. 

There are other examples where cooperation is not occurring. For example, 

in Mirya Bay the Fisheries port is extracting sand from the beach for 

reclamation and channel dredging while the another department is 

independently responsible for fixing the beach erosion problems. The new 

Fisheries port brief is focussed on fishing vessels and access, and the staff 

are not asked to fully consider the whole environment around the port, 

including the beach. One approach is to ensure that permits must be 

validated by experts on beach processes. Existing committees that exist in 

India could be asked to take a more full-environment approach.  

Another example is the enforcement of building setbacks under the CRZ. 

The Panchayats /Municipalities/Corporations control the building permits, 

while another department is left to fix the beach or protect residents who 

have illegally chosen to live on the crest of the beach. While there are many 

exemptions under the CRZ regulations, there should be no allowance for 

construction of any type too close to the front, particularly in view of the 

problems that will arise under Climate Change in the near future. Respect 

between the relevant departments is urged to ensure that beach planning is 

improved in the future. 

 

 

 

Respect between the 

relevant departments is 

urged to ensure that 

beach planning is 

improved in the future 
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Figure 10.3 A road built on the beach at Mith Mumbri (upper panel) and 

Kunkeshwar (lower panel). 

 

 

 

 

 

 

 

 

10.6 Monitoring and evaluation 

The “Climate Change Adaptation Guidelines for Coastal Protection and 

Management in India” (Black et al., 2017) recommends the need for 

monitoring. For example: 

Guideline G1 . Detailed monitoring of coastal projects 

(physical, biological, environmental and social) will be required 

pre-construction, during construction and for at least 3 years after 

construction. 
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The Guidelines also recommend more detailed studies around coastal works 

and increased skills within the various responsible government 

departments. For example, 

 

Guideline E3. EIA shall be site specific and based on a clear 

understanding of the coastal ecosystems and the physical coastal 

processes, including longshore transport rates, and the sediment 

cell concept, using best practice data and computer modeling. 

 

In the face of climate change, the problem gets worse as sea levels rise and 

storms become stronger.  However, shoreline protection is currently the 

responsibility of engineers who may have no training in beach and coastal 

processes. Many are moved from other departments (like Public Works or 

Civil) and there is no long-term stability in the staff who may move again 

after just 1-2 years. 

To help overcome these problems, Maharashtra is planning to establish a 

Coastal Infrastructure Management Unit (CIMU) which is set up specifically 

to deal with coastal problems (see next Chapter). To gain more stability in 

the staff, it could be blended with the Conservation Area at Mochemad 

where they have ready access to the beaches requiring most attention and 

conservation. 
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Chapter 11 Future Needs 

11.1 Introduction 

As the population pressure on the coast grows, fish stocks drop and people 

are displaced by Climate Change sea level rise, the future management of 

the coast needs to be better than the present. The development of SMP’s is 

part of that process. Also, the “Climate Change Adaptation Guidelines for 

Coastal Protection and Management in India” (Black et al., 2017) provide 

planning measures to be considered. In general, the two biggest problems 

for the beaches of India are overuse of seawalls (which are not suitable 

under climate change) and construction on the top of the beach.  The third 

problem is sand removal for construction. Many people ask why the beaches 

are missing but the beaches can be seen in the myriad of concrete buildings 

throughout India.  

Maharashtra has some similar problems to other maritime States, although 

the problems are tempered because much of the coast is stabilized by 

headlands and offshore reefs/islands. 

 

11.2 Coastal Regulation Zone 

The Coastal Regulation Zone Notification (2011) considers four different 

sub-categories based on environmental conditions.  

CRZ I:  Ecologically sensitive and geomorphologically important 

CRZ II:  Developed up to or close to the shoreline 

CRZ III: Relatively undisturbed coastal zone, usually in rural areas 

CRZ IV: Water and seabed up to 12 nautical miles from the LTL. 

Further information is available in the Climate Change Adaptation Guidelines 

for Coastal Protection and Management in India (Black et al., 2017, 

Appendix 3). 

The CRZ, while providing strict legislation, has many exemptions. For 

example, in CRZ I for ecologically-sensitive environments, the exemptions 

are listed in Table 11.1. These give government access to the CRZ. Indeed, 

roads on a beach are allowed. As such, our recommendations in the SMP to  

 

 

 

Future management of 

the coast needs to be 

better than the present 
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control road construction too far forward have no legal status. Similarly, 

sand extraction from offshore is currently prohibited, although ports can 

dredge and make reclamation. Our SMP assessment found many new 

buildings and other violations since the CRZ was notified.  

Maharashtra may choose to improve and possibly strengthen the 

regulations, particularly in tourism and conservation areas. 

 

Table 11.1 Examples of permitted activities within CRZ I 

 

CRZ I 

1. Projects relating to Department of Atomic Energy 
2. Pipelines, conveying systems including transmission lines 
3. Facilities essential for activities permissible under CRZ-I 
4. Installation of weather radar by Indian Meteorological 

Department 
5. Construction of trans-harbour sea link  
6. Exploration and extraction of natural gas 
7. Construction of dispensaries, schools, public rain shelter, 

community toilets, bridges, roads, jetties, water supply, 
drainage, sewerage 

8. Salt harvesting by solar evaporation of seawater 
9. Desalination plants 
10. Storage of non-hazardous cargo  
11. Roads on stilts or pillars  

 

11.3 Seawalls 

Seawalls should not be accepted as the primary form of coastal protection 

on the sandy beaches south of Mumbai. Calculations suggest that the walls 

will need to be massive under climate change; around 10-15 m high with 

large rocks to resist the bigger waves that will reach the shore without 

breaking offshore. The sand erodes at the base of the wall, allowing larger 

waves to reach the shore. This is compounded by the deeper water due to 

sea level rise. There’s logic in trying to take the power out of the waves 

further offshore. 

However, on the beaches to the north of Mumbai, the options for 

reparation appear to be more limited. Many of these beaches have been 

identified as low lying and inundation prone in the SMP. These beaches have 

with a wide, shallow inter-tidal platform and a small sand dune. The SMP 

has shown that this is caused by the fine sand sizes. Conversely, this means  

 

 

Regulations are 

meaningless unless 
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possibly strengthen the 

CRZ regulations, 
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that nourishment using these sands will slump and spread across the 

platform, leaving the beach unprotected. The volumes to raise these 

platforms by only 1 m are very large, making nourishment less likely to be 

accepted. 

 

 

Figure 11.1 Seawalls in Mumbai in June 2017 

 

Gujarat has started to construct long seawalls, placed as low down the 

beach profile as the budget for rock volume will allow (Figure 11.2). With 

large tide ranges exceeding 6 m, the size of the walls is already large without 

allowing for waves and sea level rise. Many are at least 9 m high (Figure 

11.3) and there are already breaches in the walls because large rocks have 

not been used or were not available. While it’s still too early to be sure, the 

muddy platform in front of the wall has not yet started to erode, possibly 

due to the low gradient (sand dune shape) of the wall. 

Our assessment indicates a major knowledge gap in how to deal with these 

unusual beaches and further scientific investigations are needed, with 

measurements and computer models. The main options for beach 

protection are: 

The sand erodes at the 

base of the seawall, 

allowing larger waves 

to reach the shore. This 

is compounded by the 

deeper water due to 

sea level rise 
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 Nourishment of the dune and creation of a beach with coarser 
sands (at least 0.3 mm) 

 Endless high rock walls with large rocks 

 Rock dune seawall made of smaller rocks in the shape of a sand 
dune 

 Extraction of sand from the platform, but this may have to be 
repeated regularly due to the fine sizes 

 Offshore islands 

 

An example of natural sedimentation on an offshore island resting on a rock 

ledge is shown in Figure 11.4. Already, the island has been inhabited and 

farmed, while the lee is providing good fishing port facilities. However, 

without protection the islanders are likely to be inundated under sea level 

rise. 

This SMP is unable to provide a definitive answer due to the lack of research 

and understanding of the implications and cost of each option. Further 

research is needed and should be added to the updated next version of the 

SMP. 

   

         Figure 11.2 Seawall section in Gujarat near Surat, from 2003 before the 

seawall (left panel) and from 2017 (after the seawall).  
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Figure 11.3 Seawall of gabions at Bhat near Surat in Gujarat  (Photo: 05 March 

2011). The seawall is shaped like a dune on the beach with low 

gradient. 

 

Figure 11.4 Arnala in northern Maharashtra with habitation on the offshore 

island formed by sedimentation on the rock ledge. There’s a large 

salient in the lee which has widened the coast and fishing boats 

anchored in the lee of the island. 
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11.4 Climate Change 

While global debates may still exist, sea level rise is already being measured. 

And the measurements show it’s getting faster. The disruption to the 

environment has been a focus of public attention, but the disruption of civil 

society could be as worse, especially for residents of the coast.  

The SMP urges that coastal protection measures adopted now should be 

suitable in the future. Maharashtra already has plans to eliminate and 

replace some existing seawalls. Beaches have protected the coast for 

millennia and so nourishment is an ideal solution, especially in the south. 

The sources of the sand, however, need to be considered and planning for 

that has some urgency. 

 

11.5 Formation of the Coastal Infrastructure Management Unit 
(CIMU) 

As described in the previous Chapter, a Coastal Infrastructure Management 

Unit (CIMU) is being formed in Maharashtra to ensure that erosion issues 

put science first, while addressing the deficiencies in training and expertise 

of engineers (see previous Chapter). This initiative requires immediate 

attention. 

Many responsible engineers have been transferred from other disciplines 

such as Public Works or Civil. The goal of the CIMU is to create a group 

which is trained and experienced in coastal erosion problems so that they 

have the ability to review ideas and concepts, or plan best solutions for a 

site. The goal is to find stable staff who will be trained in data collection, 

pre- and post-studies, survey techniques with modern oceanographic 

equipment. They should be able to understand the complex technical issues 

and computer models, and review EIA reports or plan for beach works 

themselves. 

In the early stages, it will be necessary to create inter-agency links. The 

initial establishment will include training in field data collection, purchasing 

of modern beach measurement equipment and exposure to computer 

modelling. This initiative ensures more stability in the staffing and expertise 

in the responsible agencies, while creating a focus on beach management. A 

proposed initial structure for CIMU is shown in Figure 11.5. 
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Figure 11.5 Proposed initial CIMU structure. 
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Appendix 1: State and District-level Maps 

 

  



Shoreline Management Plan, Maharashtra 2017   

89   
 

 

State-level Maps 

 

List of State-level Maps 

1 Coastal Districts, Maharashtra  

2 Beaches, Maharashtra 

3 Sediment Cell, Maharashtra 

4 Coastal Land-use, Maharashtra 

5 Ecologically sensitive areas Maharashtra 

6 Coastal infrastructure, Maharashtra 

7 Hydrodynamic features - Tide and predicted storm surge, Maharashtra 

8 Hydrodynamic features – Predicted Sea level Rise and Wave height, Maharashtra 
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District-level Maps: Sindhudurg District 

 

 

Sindhudurg District Information 

Length of Coastline 121 km 

Area of  District 5,207 Sq. kms 

Total Population 8,68,825  (as per census of 2011) 

No. of Coastal Taluka 3 

No. of Revenue Villages 85 

No. of Cargo Ports 3 

No. of Fisheries Ports 7 

No. of Harbour 1 

Contact Details  (District 

Collector)  

District Collectorate, Sindhudurg Nagari, 

Sindhudurg, Maharashtra- 416812      

 

Phone - 02362-228844/45 

Email: collcol.si-mh@nic.in 
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District-level Maps: Ratnagiri District 

 

 

Ratnagiri District Information 

Length of Coastline 167 km 

Area of  District 8,208 Sq. kms 

Total Population 16,15,069  (as per census of 2011) 

No. of Coastal Taluka 5 

No. of Revenue Villages 106 

No. of Cargo Ports 7 

No. of Fisheries Ports 16 

No. of Harbour 0 

Contact Details  (District 

Collector)  

Collectorate, Ratnagiri District, 

Maharashtra 415 612  

 

Phone : 91-2352-222301  

Email : 

collector.ratnagiri@maharashtra.gov.in  
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District-level Maps: Raigarh District  

 

Raigarh District Information 

Length of Coastline 155 km 

Area of  District 7,152 Sq. kms 

Total Population 26,34,200  (as per census of 2011) 

No. of Coastal Taluka 6 

No. of Revenue Villages 115 

No. of Cargo Ports 3 

No. of Fisheries Ports 23 

No. of Harbour 1 

Contact Details    (District 

Collector)   

District Collector and D. M. 

District Collector's Office, Alibag 

Maharashtra 402 201 

 

Phone: +91-2141-222118, 222097 

Email: 

collector.raigad@maharashtra.go

v.in 
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District-level Maps: Mumbai District 

 

Mumbai District Information 

Length of Coastline 95 km (approx.) 

Area of  District 526 Sq. Kms 

Total Population 1,24,41,411  (as per census of 2011) 

No. of Coastal Taluka 2 

No. of Revenue Villages 20 

No. of Cargo Ports 0 

No. of Fisheries Ports 11 

No. of Harbours 3 

Contact Details   (District 

Collector)  

Mumbai City Collectorate 

Old Custom House, Fort 

Mumbai – 400001 

 

Phone: 022-22661232, 22662440 

Email:collector.mumbaisuburb@maharasht

ra.gov.in 
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District-level Maps: Palghar District 

 

Palghar District Information 

Length of Coastline 112 km 

Area of  District 4,697 Sq. kms 

Total Population 29,90,116  (as per census of 2011) 

No. of Coastal Taluka 4 

No. of Revenue Villages 53 

No. of Cargo Ports 0 

No. of Fisheries Ports 6 

No. of Harbour 1 

Contact Details   (District 

Collector)   

Office of the Collector and District 

Magistrate Palghar 

Navali, Palghar, Maharashtra  

 

Phone - 02525-253111 

Email: collectorpalghar@gmail.com 
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Appendix 2: Individual Beach Assessments 
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Shoreline Management Plans define the nature and magnitude of risks from 

coastal hazards, both present day and the likely risks associated with Climate 

Change sea level rise 
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