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Main Components Of This Presentation 

• Role of sand dunes as 

natural defense 

• Validity of sand dunes as 

buffer zones 

• ( Examples from Tamil 

Nadu coast ) 

• Human impact on sand 

dunes 

• Examples of dune building 

initiatives 

• Implications of dune 

restoration 



  

TSUNAMI HAZARD ALONG INDIAN COAST 

The December 2004 tsunami 
RUN-UP HEIGHTS and INUNDATION LIMITS 



Sheltered Coasts – Built-up Coasts 

- Response to December 2004 tsunami - 

• Beaches backed by 

dunes 

• Luxuriant vegetation 

with creepers and 

bushes 

• Natural protection 

• Natural elevation 

• Undisturbed dune fields 

• Nominal human 

intervention 

 

• Leveled / razed dune 

strips 

• A variety of houses, 

dwellings, huts on and 

along the dune line  

• Lack of natural 

protection and elevation 

• Dune systems have 

borne the maximum 

brunt of human actions 

 



Sand dunes - definition 

• Sand dunes are geological landforms formed by the action of wind 

• The main prerequisites for the formation of sand dunes are wind, sand and 
vegetation 

• Wind plays the most important role; its direction, frequency, duration and speed 
displace and transport fine dry sand  

• The vegetation plays a key role in dune formation as these objects act as wind 
breakers due to which wind is forced to drop sand along its path.  

• Vegetation thus traps and stabilises moving sand.  

• The first step in the formation of a dune, by plants tolerant to salt, is a berm 
which is an accumulation of sand brought up by the waves on the beach at a 
point just above the highest high tide  

• The berm swells due to the eolian import of sand. Thus these small sand 
mounds which form, finally develop into a continuous chain of sand dunes.  

• These eolian bedforms can be symmetrical, several meters in height and can 
vary in size from place to place.  

• The evolution of a coastal dune system strictly depends on the quantity of 
sand brought in by winds and the sand removed by tides and littoral 
currents.  



Geological evolution of coastal sand dunes  

( the most impacted of all landforms ) 



Role of coastal sand dunes 

• Nature’s first line of defense 

• Serve as sand “banks” 

• Sources of beach nourishment 

• Dissipate wave energy 

• Maintain coastal equilibrium 

• Protect coasts from erosion 

• Ecological storehouses 

• Features of coastal stability 

• Guard against sea level rise 

• Shield mankind from forces of the ocean 

 



Role of dune vegetation 

• Dune vegetation acts as sand binders 

• Dune plants contribute towards stability of 

dunes 

• Dune flora protects coasts from erosive 

forces 

• Vegetated dunes arrest wind blown sand 

• A vegetated dune implies ecological 

balance 

 





Role of sand dunes - tsunami 

• Dunes served as natural buffers / protection  

• Dwellings behind dune belts are all safe 

• Steep beaches neutralized wave run-up 

• Flat beaches were overshot by tsunami 

• Therefore, coastal dunes posses an innate 
capacity to attenuate energy from violent waves 

• Flattened dunes, gaps in dune ridges and roads 
facilitated over wash and tsunami up-rush 

 

The following cases will confirm the natural 
buffer capacity of sand dunes 



Ex. 1: Natural buffers such as high dunes lined by 

trees attenuated tsunami up-rush; inundation was 

minimal; damage to property was nil 

 



Ex. 2: Natural landforms saved life and property; houses 

behind high vegetated dunes are all intact; loss of life was nil; 

gaps on dunes however facilitated marine transgression  



Ex. 3: Lack of natural protection is the cause of disaster; all 

houses along the beach were smashed; loss of life was heavy; 

road to beach served as a pathway for tsunami water 



Ex. 4: Steep gradients minimized tsunami up-rush; all huts / 

dwellings on the beach also blocked high waves, but 

collapsed; assets behind dunes remained intact 



Ex. 5: Flat beach due to over-use; tsunami waves 

over shot the entire beach; road facilitated 

inundations; around 900 people perished 



Sand dunes - tsunami 
• Dwellings demolished within strips of 6 to 132 m 

(Av. 41 m) 

• Uprooting of Casuarina trees within strips of 5 to 
25 m (Av. 14 m) 

• Flooding recorded up to 862 m (Av. 247 m) 

• Maximum damage to beach fronts influenced by 
human activity 

• Negligible over wash in belts with high dune 
complexes 

• Intact villages shielded by dunes or dense forests 

• Protection offered by natural coastal landforms 
has sufficient scientific validity  

  



Coastal Hazards and Natural Protection: 

Thickness of hatched portions indicates intensity of 

or protection from oceanographic forces 

 

[Source: Mascarenhas, 2006] 



Wave dissipation by coastal sand dunes 



1. Since sand dunes are ecologically sensitive, these ecosystems are 

protected by law 

2. Coastal sand dunes are classified as CRZ I  

3. Dune strips are No Development Zones 

CRZ I 

 ECOLOGICALLY SENSITIVE ECOSYSTEMS 

• Mangroves, sand dunes, reserve forests, coral reefs, marine parks, spawning 
grounds, wildlife habitats, heritage sites, areas likely to be inundated due to sea 
level rise 

• Inter-tidal areas (HTL-LTL) 

 

CRZ II 

 Areas that have already been developed up to or close to shoreline 

 Developed areas are those that are substantially built up with infrastructure 

 Areas within municipal limits or designated urban areas 

 

CRZ III  

 Areas that are relatively undisturbed 

 Areas not classified as CRZ I or CRZ II  

 Coastal zone of rural areas (developed / undeveloped) 

 

CRZ IV  

 Water area from the Low Tide Line to twelve nautical miles on the seaward side 

 Also comprises the water area of the tidal influenced water body from the mouth of 
the water body at the sea up to the influence of tide. 

 
 
 

 

 

  



Coastal setbacks 

No Development Zones (NDZs) 

OPEN SEA COAST OF INDIA : set backs 

• CRZ I, sea coasts : 500 m from HTL 

• CRZ II : developed areas 

– buildings on landward side of existing road 

– renovation of old dwellings permitted  

• CRZ III, sea coasts : 200 m from HTL 

 

• CRZ IV - Rivers and backwaters : 100 m or width 
of river or creek whichever is less 

  



Choose  

a beach 

 



CRZ news  
( August 2014 ) 

 

 

 

 

 

 
 

• 1 violation every 200 m of coast! 

• There are as many not reported! 

• Maximum violations per unit km! 



The Fate of NDZ 

• Reduce no development zone to 100m: Parulekar 
• TNN | Jan 18, 2015, 03.00 AM IST 

• comments 

• Panaji: In a controversial move, the Goa government has sought to reduce the no 
development zone (NDZ) line in the CRZ notification to 100 metres instead of 
the present 200 metres from the high tide line (HTL) to allow for "development 
of tourism infrastructure along the beach". 
 
Goa tourism minister Dilip Parulekar in a letter has requested Union tourism 
minister Mahesh Sharma as a follow up to his recent meeting explaining that the 
present NDZ has left large stretches of land unutilized along Goa's 105-km long 
coastline. 
 
He explained that prior to independence, the NDZ was defined as 90 metres 
from the HTL. 
 
Also, the Swaminathan committee report has recommended review of the 
blanket NDZ provision in the CRZ notification, Parulekar said, adding that in 
some foreign tourist destinations like Maldives and Thailand, "construction of 
hotel properties is permitted in lagoons and within the continental shelf area." 
 
Parulekar has also requested that the CRZ provision which forbids cooking of 
food on the beach be reviewed. 
 
Requesting for central financial assistance under different schemes of the 
tourism ministry, Parulekar has proposed that pending utilization certificates 
may be adjusted against future installments which Goa is eligible to receive. 
 
Speaking to the media, GTDC chairman Nilesh Cabral, said that Goa has to 
return Rs 14-crore in unutilized funds to the Centre. These funds were received 
by the previous Congress government, Cabral said. 
 
Parulekar has also requested for central financial assistance for marketing and 
promotion activities in tourism. He pointed out that in 2013-14, Goa received 
93% of the charter flights to India. 
 
Parulekar has asked for provision for direct incentives for charter operators that 
maintain a high load factor and bring in additional flights. Such practices are 
followed by countries like Egypt, Parulekar said, adding, "Such an incentive is 
required very urgently as this year alone there has been a drop in charter arrivals 
in Goa by almost 40%". 
 
The tourism minister has also urged that countries like UK, China, Poland, 
France, Portugal, Czech Republic and all Scandinavian and CIS countries be 
allowed the e-visa facility. He has also requested the e-visa fees be reduced. 
Parulekar sought for separate immigration counters at Dabolim airport for 
handling e-visa arrivals to reduce the processing time. 
 

 

C:/Users/Mascarenhas/Desktop/GCZMA +/Reduce no development zone to 100m  Parulekar - The Times of India.htm
C:/Users/Mascarenhas/Desktop/GCZMA +/Reduce no development zone to 100m  Parulekar - The Times of India.htm


Business as usual: 

Velankanni 

11-1998 

04-2005 01-2006 



Along India’s HTL 
Kovalam, Kerala (2008) - Palolem, Goa (2013)  



Puducherry coast: then and now 
2005 

2013 

 

2006 

1998 : A narrow linear beach  

along the sea wall 



A receding dune and flooding at Morjim 

( and at Baga ) 
 

Beach 

Dunes 

Erosion – Jul2013 

Sea level - beach height - dune elevation nexus 

Shack 

Wave uprush on an eroded beach 
( High tide Dec2013 ) 



Navhind Times,  

17 November 2014 

 



CAN DAMAGED COASTS BE 

REPAIRED? 

• Is it possible for a breached sand dunes to 
come back to life? 

• Is it possible to rejuvenate coastal flora? 

• Is it possible to stabilize a beach – dune 
system? 

• IT IS TIME THESE ASPECTS NEED TO BE 
CONSIDERED 

• THAT IS WHAT COASTAL RESTORATION 
AND CONSERVATION IS ALL ABOUT 



Scenario 1: A human altered coast- dunes are leveled, forests 

are cleared, dwellings too close to water line, setbacks lacking   

 



The 2004 tsunami: 

Kalutara beach, 

Sri Lanka 

 



Scenario 2: Drastic landform changes after extreme events – 

breaching of dunes, formation of new water bodies, demolition 

of sea front structures, uprooting of sea walls 

 



Scenario 3: Restoration of a damaged coast – dunes are 

rebuilt, forests are extended, roads are redesigned, buildings 

are relocated, adequate buffer zones are designated  

 



A dune restoration experiment at Miramar 

• A dune building initiative, attempted for the first 

time in the country 

• A technique to re-create lost / damaged dunes 

using scientific backup 

• Creation of a new landform that forms naturally 

but fashioned artificially 

• An example of science – scientist – 

administration – policy can interact 

• A purely coastal management oriented program 



Techniques – dune restoration 

 

SOFT OPTIONS 

• Use of sand fences 

• Artificial beach nourishment 

• Bio-restoration 



Sand fences : an environment friendly 

option to arrest sand movement  

and restore coastal dunes 

• Linear fences perpendicular to wind direction 
is the only scientific option 

• Fences to be fixed ONLY on dry beach 

• Single fences to be 1 m high, 15 m long, with 
3 - 5 m spacing, made of waste wood strips 

• About 4 to 5 rows of parallel fences appear 
ideal (on available open, barren sandy space) 

• Fences should have adequate spacing of at 
least 5 cm between vertical strips 

 



A 160 m STRIP OF DEGRADED SAND DUNES AT MIRAMAR 

 



The problem at Miramar 
Wind blown sand creates traffic hazards  

02 July 1998                          17 June 2004 



Winds at Miramar 

 Wind direction: Dominantly West (and Northwest) 

 

Wind speed: Yearly average is 9 to 14 km/h;  

often increases to >25 km/h during monsoons 
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Causes of Eolian Sand Transport 

The process: 

• Human interference on dunes 

• Uprooting of dune plants 

• Creation of bare dunes 

• Production of loose sand 

• Sand is rendered mobile 

• Sand moves at wind speed >16 km/h 

• Blowing of loose sand inland 

• Observed wherever large dune areas are flattened or 

opened 

• Large scale process at Miramar and Colva 



Major Episodes 

02 July 1998 

 Traffic island covered by sand 

 Wind speed ~25 km/h 

16-17 June 2004 

 Large amounts of eolian sand on road 

 Wind speed 36 km/h 

29-30 June 2008 
 Wind speed ~60 km/h 

 

 



Max. Wind speed, Goa coast 
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Method to reduce sand movement 

Wind 

Fences 

NEW  

DUNE 



Dune formation : chronology 

- Partly restored dune line over time - 

January 2010 

Stable dune 

Stable dune,  

trampled, flatenned 

2013 



Protected dune systems in southern Portugal 



Examples of sand fences and a dune walkover 

Algarve, Portugal, May 2007 



Google image of 1 km long sand fence,  

Faro beach, Portugal 

  

 



France 



Enclosed 

Sand fences 

Sand fences 

Or Pipes 

Beach access 

Reserved 

for Dune 

Formation 

Protect existing dunes 

Reserved 

for Dune 

Formation 

A New Proposal 
For Dune Restoration 



A request to TERI 

• Coastal sand dunes have borne the maximum impact 
from anthropogenic activities 

• Coastal sand dunes are Nature’s natural line of 
defense and have to be preserved at all costs  

• Artificial sand dunes was never attempted in India; 
can be tried wherever possible 

• Sand fences can be employed as an environment 
friendly technique to trap wind blown sand 

• Plantation of dune species has rarely been attempted 

• Restoration of coastal dunes can be adopted 
wherever these features are damaged due to human 
interference or natural processes 



 

 

 

That’s All, Folks 


