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Territorial Waters and Maritime Zones Act 1974, Act No. XXVI of 1974

An act to provide for the declaration of the territorial waters and maritime zones.

Whereas clause (2) of Article 143 of the Constitution provides that Parliament may, from time to time, by law

provide for the determination of the territorial waters and the continental shelf of Bangladesh;

And whereas it is necessary to provide for the declaration of the territorial waters, continental shelf and other

maritime zones and for matter ancillary thereto;

It is hereby enacted as follows:

Short title

l. This Act may be called the Territorial Waters and Maritime Zones Act, l974.

Definitions

2. In this Act, unless there is anything repugnant to the subject or context:

(a) "conservation zone" means a conservation zone established under section 6;

(b) "contiguous zone" means the zone of the high seas declared by section 4 to be the contiguous zone of

Bangladesh;

(c) "continental shelf" means the continental shelf of Bangladesh referred to in section 7;

(d) "economic zone" means the zone of the high seas declared under section 5 to be the economic zone of

Bangladesh;

(e) "territorial waters" means the limits of sea declared under section 3 to be the territorial waters of Bangladesh.

Territorial waters

3. (1) The Government may, by notification in the official Gazette, declare the limits of the sea beyond the land

territory and internal waters of Bangladesh which shall be the territorial waters of Bangladesh specifying in the

notification the baseline:

(a) from which such limits shall be measured; and

(b) the waters on the landward side of which shall form part of the internal waters of Bangladesh.

(2) Where a single island, rock or a composite group thereof constituting the part of the territory of

Bangladesh is situated seawards from the main coast or baseline, territorial waters shall extend to the limits declared

by notification under sub-section (1) measured from the low waterline along the coast of such island, rock or

composite group.

(3) The Sovereignty of the Republic extends to the territorial waters as well as to the air space over and the
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bed and subsoil of, such waters.

(4) No foreign ship shall, unless it enjoys the right of the innocent passage, pass through the territorial

waters.

(5) Foreign ship having the right of innocent passage through the territorial waters shall, while exercising

such right, observe the laws and rules in force in Bangladesh.

(6) The Government may, by notification in the official Gazette, suspend, in the specified areas of the

territorial waters, the innocent passage of any ship if it is of opinion that such suspension is necessary for the security

of the Republic.

(7) No foreign warship shall pass through the territorial waters except with the previous permission of the

Government.

(8) The Government may take such steps as may be necessary:

(a) to prevent the passage through the territorial waters of any foreign ship having no right of innocent passage;

(b) to prevent and punish the contravention of any law or rule in force in Bangladesh by any foreign ship

exercising the right of innocent passage;

(c) to prevent the passage of any foreign warship without previous permission of Government; and

(d) to prevent and punish any activity which is prejudicial to the security or interest of the Republic.

Explanation - In this section "warship" includes any surface or sub-surface vessel or craft which is or may be used

for the purpose of naval warfare.

Contiguous zone

4. (1) The zone of the high seas contiguous to the territorial waters and extending seawards to a line six

nautical miles measured from the outer limits of the territorial waters is hereby declared to be the contiguous zone of

Bangladesh.

(2) The Government may exercise such powers and take such measures in or in respect of the contiguous

zone as it may consider necessary to prevent and punish the contravention of, and attempt to contravene, any law or

regulation in force in Bangladesh relating to:

(a) the security of the Republic;

(b) the immigration and sanitation; and

(c) customs and other fiscal matters.

Economic zone

5. (1) The Government may, by notification in the official Gazette, declare any zone of the high seas adjacent

to the territorial waters to be the economic zone of Bangladesh specifying therein the limits of such zone.

(2) All natural resources within the economic zone, both living and non-living, on or under the seabed and

sub-soil or on the water surface or within the water column shall vest exclusively in the Republic.

(3) Nothing in sub-section (2) shall be deemed to affect fishing within the economic zone by a citizen of
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Bangladesh who uses for the purpose vessels which are are not mechanically propelled.

Conservation zone

6. The Government may, with a view to the maintenance of the productivity of the living resources of the sea, by

notification in the official Gazette, establish conservation zones in such areas of the sea adjacent to the territorial

waters as may be specified in the notification and may take such conservation measures in any zone so established as

it may deem appropriate for the purpose including measures to protect the living resources of the sea from

indiscriminate exploitation, depletion or destruction.

Continental shelf

7. (1) The continental shelf of Bangladesh comprises:

(a) the seabed and subsoil of the submarine areas adjacent to the coast of Bangladesh but beyond the limits of the

territorial waters up to the outer limits of the continental margin bordering on the ocean basin or abyssal floor; and

(b) the seabed and subsoil of the analogous submarine areas adjacent to the coasts of any island, rock or any

composite group thereof constituting part of the territory of Bangladesh.

(2) Subject to sub-section (1), the Government may, by notification in the official Gazette, specify the limits

thereof.

(3) No person shall, except under and in accordance with the terms of, a licence or permission granted by

Government explore or exploit any resources of the continental shelf or carry out any search or excavation or

conduct any research within the limits of the continental shelf:

Provided that no such licence or permission shall be necessary for fishing by a citizen of Bangladesh who uses

for the purpose vessels which are not mechanically propelled.

Explanation:  Resources of the continental shelf include mineral and other non-living resources together with living

organisms belonging to sedentary species, that is to say, organisms which at the harvestable stage, either are

immobile on or under the seabed or are unable to move except in constant physical contact with the seabed or the

subsoil.

(4) The Government may construct, maintain or operate within the continental shelf installations and other

devices necessary for the exploration and exploitation of its resources.

Control of pollution

8. The Government may, with a view to preventing and controlling marine pollution and preserving the quality

and ecological balance in the marine environment in the high seas adjacent to the territorial waters, take such

measures as it may deem appropriate for the purpose.

Power to make rules

9. (1) The Government may makes rules for carrying out the purposes of this Act.

(2) In particular and without prejudice to the generality of the foregoing power, such rules may provide -

(a) for the regulation of the conduct of any person in or upon the territorial waters, contiguous zone, economic

zone, conservation zone and continental shelf;
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(b) for measures to protect, use and exploit the resources of the economic zone;

(c) for conservation measures to protect the living resources of the sea;

(d) for measures regulating the exploration and exploitation of resources within the continental shelf;

(e) for measures designed to prevent and control of marine pollution of the high seas.

(3) In making any rule under this section the Government may provide that a contravention of the rule shall

be punishable with imprisonment which may extend to one year or with fine which may extend to five thousand

takas.
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Notification No. LT - I/3/74 of the

Ministry of Foreign Affairs, Dacca, of 13 April 1974

 No. LT-I/3/74.   In exercise of the powers conferred by sub-section (1) of section 3 of the Territorial Waters

and Maritime Zones Act, 1974 (Act No. XXVI of 1974), and in supersession of any previous declaration on the

subject, the Government is pleased to declare that the limits of the sea specified in paragraph 2 beyond the land

territory and internal waters of Bangladesh shall be the territorial waters of Bangladesh.

2. The limits of the sea referred to in paragraph 1 shall be twelve nautical miles measured seaward and the

baselines set out in paragraph 3 so that each point of the outer limit of the sea to the nearest point inward on the

baselines is twelve nautical miles.

3. The baselines from which territorial waters shall be measured seaward are the straight lines linking

successively the baseline points set out below:

Baseline Geographical Co-ordinates Baseline

Point Point

Latitude Longitude

No. 1 21° 12'00" N. 89° 06'45" E.

No. 2 21° 15'00" N. 89° 16'00" E.

No. 3 21° 29'00" N. 89° 36'00" E.

No. 4 21° 21'00" N. 89° 55'00" E.

No. 5 21° 11'00" N. 90° 33'00" E.

No. 6 21° 07'30" N. 91° 06'00" E.

No. 7 21° 10'00" N. 91° 56'00" E.

No. 8 20° 21'45" N. 92° 17'30" E.

...

No. LT-I/3/74 - In exercise of the powers conferred by sub-section (1) of section 5 of the Territorial Waters

and Maritime Zones Act, 1974 (Act No. XXVI of 1974), the Government is pleased to declare that the Zone of the

high seas extending to 200 nautical miles measured from the baselines shall be the economic zone of Bangladesh.
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The Territorial Waters, Continental Shelf, Exclusive Economic Zone

and other Maritime Zones Act, 1976, Act No. 80 of 28 May 1976

Short title and commencement

1. (1) This Act may be called the Territorial Waters, Continental Shelf, Exclusive Economic Zone and other

Maritime Zones Act, 1976.

(2) Sections 5  and 7 shall come into force on such date or on such different dates as the Central Government

may, by notification in the Official Gazette, appoint; and the remaining provisions of this Act shall come into force at

once.

...

Definition

2. In this Act, "limit"  in relation to the territorial waters, ..., the exclusive economic zone or any other maritime

zone of India, means the limit of such waters, shelf or zone with eference to the mainland of India as well as the

individual or composite group or groups of islands constituting part of the territory of India.

Sovereignty over, and limits of territorial waters

3. (1) The sovereignty of India extends and has always extended to the territorial waters of India (hereinafter

referred to as the territorial waters) and to the seabed and subsoil underlying, and the airspace over, such waters.

(2) The limit of the territorial waters is the line every point of which is at a distance of twelve nautical miles

from the nearest point of the appropriate baseline.

(3) Notwithstanding anything contained in subsection (2), the Central Government may, whenever it

considers necessary so to do having regard to international law and State practice, alter, by notification in the

Official Gazette, the limit of the territorial waters.

(4) No notification shall be issued under subsection (3) unless resolutions approving the issue of such

notification are passed by both Houses of Parliament.

Use of territorial waters by foreign ships

4. (1) Without prejudice to the provisions of any other law for the time being in force, all foreign ships (other

than warships including submarines and other underwater vehicles) shall enjoy the right of innocent passage through

the territorial waters.

Explanation - For the purposes of this section, passage is innocent so long as it is not prejudicial to the peace,

good order or security of India.

(2) Foreign warships including submarines and other underwater vehicles may enter or pass through the

territorial waters after giving prior notice to the Central Government:

Provided that submarines and other underwater vehicles shall navigate on the surface and show their flag while
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passing through such waters.

(3) The Central Government may, if satisfied that it is necessary so to do in the interests of the peace, good

order or security of India or any part thereof, suspend, by notification in the Official Gazette, whether absolutely or

subject to such exceptions and qualifications as may be specified in the notification, the entry of all or any class of

foreign ships into such area of the territorial waters as may be specified in the notification.

Contiguous zone of India

5. (1) The contiguous zone of India (hereinafter referred to as the contiguous zone) is an area beyond and

adjacent to the territorial waters, and the limit of the contiguous zone is the line every point of which is at a distance

of twenty-four nautical miles from the nearest point of the baseline referred to in subsection (2) of section 3.

(2) Notwithstanding anything contained in subsection (1), the Central Government may, whenever it

considers necessary so to do having regard to international law and State practice, alter, by notification in the

Official Gazette, the limit of the contiguous zone.

(3) No notification shall be issued under subsection (2) unless resolutions approving the issue of such

notification are passed by both Houses of Parliament.

(4) The Central Government may exercise such powers and take such measures in or in relation to the

contiguous zone as it may consider necessary with respect to,:

(a) The security of India, and

(b) Immigration, sanitation, customs and other fiscal matters.

(5) The Central Government may, by notification in the Official Gazette:

(a) Extend with such restrictions and modifications as it thinks fit, any enactment, relating to

any matter referred to in clause (a) or clause (b) of subsection (4), for the time being in force in

India or any part thereof, to the contiguous zone, and

(b) Make such provisions as it may consider necessary in such notification for facilitating the

enforcement of such enactment, and any enactment so extended shall have effect as if the

contiguous zone is a part of the territory of India.

Continental shelf

6. (1) The continental shelf of India (hereinafter referred to as the continental shelf) comprises the seabed and

subsoil of the submarine areas that extend beyond the limit of its territorial waters throughout the natural

prolongation of its land territory to the outer edge of the continental margin or to a distance of two hundred nautical

miles from the baseline referred to in sub-section (2) of section 3 where the outer edge of the continental margin does

not extend up to that distance.

(2) India has, and always had, full and exclusive sovereign rights in respect of its continental shelf.

(3) Without prejudice to the generality of the provisions of sub-section (2), the Union has in the continental

shelf, -

(a) sovereign rights for the purposes of exploration, exploitation, conservation and

management of all resources;
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(b) exclusive rights and jurisdiction for the construction, maintenance or operation of

artificial islands, off-shore terminals, installations and other structures and devices necessary for

the exploration and exploitation of the resources of the continental shelf or for the convenience of

shipping or for any other purpose;

(c) exclusive jurisdiction to authorise, regulate and control scientific research; and

(d) exclusive jurisdiction to preserve and protect the marine environment and to prevent and

control marine pollution.

(4) No person (including a foreign Government) shall, except under, and in accordance with the terms of a

licence or a letter of authority granted by the Central Government, explore the continental shelf or exploit its

resources or carry out any search or excavation or conduct any research within the continental shelf or drill therein or

construct, maintain or operate any artificial island, off-shore terminal, installation or other structure or device therein

for any purpose whatsoever.

(5)....The Central Government may, by notification in the Official Gazette, -

(a) declare any area of the continental shelf and its superjacent waters to be a designated

area; and

(b) make such provisions as it may deem necessary with respect to, -

(i) the exploration, exploitation and protection of the resources of the continental

shelf within such designated area; or

(ii) the safety and protection of artificial islands, off-shore terminals, installations

and other structures and devices in such designated area; or

(iii) the protection of marine environment of such designated area; or

(iv) customs and other fiscal matters in relation to such designated area.

Explanation. - A notification issued under this sub-section may provide for the regulation of entry into and

passage through the designated area of foreign ships by the establishment of fairways, sealanes, traffic separation

schemes or any other mode of ensuring freedom of navigation which is not prejudicial to the interests of India.

(6) The Central Government may, by notification in the Official Gazette, -

(a) extend with such restrictions and modifications as it thinks fit, any enactment for the time

being in force in India or any part thereof to the continental shelf or any part [including any

designated area under sub-section (5)] thereof; and

(b) make such provisions as it may consider necessary for facilitating the enforcement of such

enactment,

and any enactment so extended shall have effect as if the continental shelf or the part

[including, as the case may be, any designated area under sub-section (5)] thereof to which it has

been extended is a part of the territory of India.

(7) Without prejudice to the provisions of sub-section (2) and subject to any measures that may be necessary
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for protecting the interests of India, the Central Government may not impede the laying or maintenance of submarine

cables or pipelines on the continental shelf by foreign States:

Provided that the consent of the Central Government shall be necessary for the delineation of the course for

the laying of such cables or pipelines.

Exclusive economic zone

7. (1) The exclusive economic zone of India (hereinafter referred to as the exclusive economic zone) is an area

beyond and adjacent to the territorial waters, and the limit of such zone is two hundred nautical miles from the

baseline.

(2) Notwithstanding anything contained in subsection (1), the Central Government may whenever it

considers necessary so to do having regard to International Law and State practice, alter, by notification in the

Official Gazette, the limit of the exclusive economic zone.

(3) No notification shall be issued under subsection (2) unless resolutions approving the issue of such

notification are passed by both Houses of Parliament.

(4) In the exclusive economic zone, the Union has, -

(a) sovereign rights for the purpose of exploration, exploitation, conservation and

management of the natural resources, both living and non-living as well as for producing energy

from tides, winds and currents;

(b) exclusive rights and jurisdiction for the construction, maintenance or operation of

artificial islands, off-shore terminals, installations and other structures and devices necessary for

the exploration and exploitation of the resources of the zone or for the convenience of shipping or

for any other purpose;

(c) exclusive jurisdiction to authorize, regulate and control scientific research;

(d) exclusive jurisdiction to preserve and protect the marine environment and to prevent and

control marine pollution; and

(e) such other rights as are recognised by International Law.

(5) No person (including a foreign Government) shall, except under, and in accordance with, the terms of

any agreement with the Central Government or of a licence or a letter of authority granted by the Central

Government, explore or exploit any resources of the exclusive economic zone or carry out any research or

excavation or conduct any research within the exclusive economic zone or drill therein or construct, maintain or

operate any artificial island, off-shore terminal, installation or other structure or device therein for any purpose

whatsoever:

Provided that nothing in this sub-section shall apply in relation to fishing by a citizen of India.

(6) The Central Government may, by notification in the Official Gazette,-

(a) declare any area of the exclusive economic zone to be a designated area; and

(b) make such provisions as it may deem necessary with respect to,-
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(i) the exploration, exploitation and protection of the resources of such designated

area; or

(ii) other activities for the economic exploitation and exploration of such designated

area such as the production of energy from tides, winds and currents;/or

(iii) the safety and protection of artificial islands, off-shore terminals, installations

and other structures and devices in such designated areas;

(iv) the protection of marine environment of such designated area; or

(v) customs and other fiscal matters in relation to such designated area.

Explanation

A notification issued under this sub-section may provide for the regulation of entry into and passage through

the designated area of foreign ships by the establishment of fairways, sealanes, traffic separation schemes or any

other mode of ensuring freedom of navigation which is not prejudicial to the interests of India.

(7) The Central Government may, by notification in the official Gazette, -

(a) extend, with such restrictions and modifications as it thinks fit, any enactment for the time being in force

in India or any part thereof to the exclusive economic zone or any part thereof; and

(b) make such provisions as it may consider necessary for facilitating the enforcement of such enactment,

and any enactment so extended shall have effect as if the exclusive economic zone or the part thereof to which it has

been extended is a part of the territory of India.

(8) The provisions of sub-section (7) of section 6 shall apply to the laying or maintenance of submarine

cables or pipelines on the seabed of the exclusive economic zone as they apply in relation to the laying or

maintenance of submarine cables or pipelines on the seabed of the continental shelf.

(9) In the exclusive economic zone and the air space over the zone, ships and aircraft of all States shall,

subject to the exercise by India of its rights within the zone, enjoy freedom of navigation and overflight.

Historic waters

8. (1) The Central Government may, by notification in the Official Gazette, specify the limits of such waters

adjacent to its land territory as are the historic waters of India.

(2) The sovereignty of India extends, and has always extended, to the historic waters of India and to the

seabed and subsoil underlying, and the airspace over, such waters.

Maritime boundaries between India and States having coasts

opposite or adjacent to those of India

9. (1) The maritime boundaries between India and any State whose coast is opposite or adjacent to that of India

in regard to their respective territorial waters, contiguous zones, continental shelves, exclusive economic zones and

other maritime zones shall be as determined by agreement (whether entered into before or after the commencement

of this section) between India and such State and pending such agreement between India and any such State, and

unless any other provisional arrangements are agreed to between them, the maritime boundaries between India and
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such State shall not extend beyond the line  every point of which is equidistant from the nearest point from which the

breadth of the territorial waters of India and of such State are measured.

(2) Every agreement referred to in sub-section (1) shall, as soon as may be after it is entered into be,

published in the Official Gazette.

(3) The provisions of sub-section (1) shall have effect notwithstanding anything contained in any other

provision of this Act.

Publication of charts

10. The Central Government may cause the baseline referred to sub-section (2) of section 3, the limits of the

territorial waters, the contiguous zone, the continental shelf, the exclusive economic zone and the historic waters of

India and the maritime boundaries as settled by agreements referred to in section 9 to be published in charts.

Offences

11. Whoever contravenes any provision of this Act or of any notification thereunder shall (without prejudice to

any other action which may be taken against such person under any other provision of this or of any other enactment)

be punishable with imprisonment which may extend to three years, or with fine, or with both.

Offences by companies

12. (1) Where an offence under this Act or the rules made thereunder has been committed by a company, every

person who at the time the offence was committed was in charge of, and was responsible to the company for the

conduct of the business of the company, as well as the company shall be deemed to be guilty of the offence and shall

be liable to be proceeded against and punished accordingly.

Provided that nothing contained in this sub-section shall render any such person liable to any punishment

provided in this Act if he proves that the offence was committed without his knowledge or that he exercised all due

diligence to prevent the commission of such offence.

(2) Notwithstanding anything contained in sub-section (1) where an offence under this Act or the rules made

thereunder has been committed by a company and it is proved that the offence has been committed with the consent

or the connivance of, or is attributable to any neglect on the part of, any director, manager, secretary or other officer

of the company, such director, manager, secretary or other officer shall also be deemed to be guilty of that offence

and shall be liable to be proceeded against and punished accordingly.

...

Explanation

For the purposes of this section,-  (a) "company" means any body corporate and includes a firm or other

associations of  individuals; and (b) "director", in relation to a firm, means a partner in the firm.

Place of trial

13. Any person committing an offence under this Act or any rules made thereunder or under any of the enactments

extended under this Act or under the rules made thereunder may be tried for the offence in any place in which he

may be found or in such other place as the Central Government may, by general or special order, published in the

Official Gazette, direct in this behalf.
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Previous sanction of the Central Government for prosecution

14. No prosecution shall be instituted against any person in respect of any offence under this Act or the rules made

thereunder without the previous sanction of the Central Government or such officer or authority as may be

authorized by that Government by order in writing in this behalf.

Power to make rules

15. (1) The Central Government may, by notification in the Official Gazette, make rules for carrying out the

purposes of this Act.

(2) In particular and without prejudice to the generality of the foregoing power, such rules may provide for

all or any of the following matters, namely: -

(a) regulation of the conduct of any person in the territorial waters, the contiguous zone, the

continental shelf, the exclusive economic zone or any other maritime zone of India;

(b) regulation of the exploration and exploitation, conservation and management of the

resources of the continental shelf;

(c) regulation of the exploration, exploitation conservation and management of the resources

of the exclusive economic zone;

(d) regulation of the construction, maintenance and operation of artificial islands, off-shore

terminals, installations and other structures and devices referred to in sections 6 and 7;

(e) preservation and protection of the marine environment and prevention and control of

marine pollution for the purposes of this Act;

(f) authorisation, regulation and control of the conduct of scientific research for the purposes

of this Act;

(g) fees in relation to licences and letters of authority referred to in sub-section (4) of section

6 and sub-section (5) of section 7 or for any other purpose; or

(h) any matter incidental to any of the matters specified in clauses (a) to (g).

(3) In making any rule under this section, the Central Government may provide that a contravention thereof

shall be punishable with imprisonment which may extend to three years, or with fine which may extend to any

amount, or with both.

(4) Every rule made under this Act and every notification issued under sub-section (5) of section 6 or

subsection (5) of section 7 shall be laid, as soon as may be after it is made or issued, before each House of

Parliament while it is in session for a total period of thirty days which may be comprised in one session or in two or

more successive sessions and if, before the expiry of the session immediately following the session or the successive

session aforesaid both Houses agree in making any modification in the rule or the notification or both Houses agree

that the rule or notification should not be issued, the rule or notification shall, thereafter, have effect only in such

modified form or be of no effect, as the case may be; so, however, that any such modification or annulment shall be

without prejudice to the validity of anything previously done under that rule or notification.
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Removal of difficulties

16. (1) If any difficulty arises in giving effect to the provisions of this Act or of any of the enactments extended

under this Act, the Central Government may, by order published in the Official Gazette, make such provisions not

inconsistent with the provisions of this Act or, as the case may be, of such enactment, as may appear to it to be

necessary or expedient for removing the difficulty:  Provided that no order shall be made under this section -

(a) in the case of any difficulty arising in giving effect to any provision of this Act, after the

expiry of three years from the commencement of such provision;

(b) in the case of any difficulty arising in giving effect to the provisions of any enactment

extended under this Act, after the expiry of three years from the extension of such enactment.

(2) Every order made under this section shall be laid, as soon as may be after it is made, before each House

of Parliament.
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812. Joint press statement issued on the conclusion of Indo-Bangladesh talks

on delimitation of maritime boundary.

New Delhi, March 24, 1978

The Indian and Bangladesh delegations held talks from 22-23 March, 1978

on the delimitation of maritime boundary between the two countries. The

Bangladesh delegation to the talks was led by Mr. Mohammed Siddiqur Rahman,

Additional Secretary, incharge of the Ministry of Ports, Shipping and Inland Water

Transport and included Mr. M.M. Rezaul Krim, Deputy High Commissioner of

Bangladesh in New Delhi; Mr. Harunur Rashid, Director-General (South & South-

East Asia) in the Bangladesh Ministry of Foreign Affairs; Mr. M.S. Ali, Legal Adviser

in the Ministry of Foreign Affairs; and Mr. Abu Hena, a Chief Hydrographer. The

Indian delegation was led by Shri J.S. Mehta, Foreign Secretary and included Shri

Muchkund Dubey, Joint Secretary Incharge of the Bangladesh Division, Dr. S.P.

Jagota, Joint Secretary, Legal & Treaties Division, Ministry of External Affairs, and

Shri S.K. Chib, Joint Secretary, Ministry of Mines.

The talks were characterised by utmost cordiality and good-neighbourliness.1

The talks, which were held after an interval of about three years, were useful,

reviewing the position, helping the two delegations to understand each other’s

points of view and preparing the ground for further discussions. It was agreed to

resume negotiations in Dacca as soon as possible.

 ! ! ! ! 

1. Complete secrecy was maintained on the progress of the negotiations and the two teams

would only say that the talks, held after an interval of three years, “were useful in reviewing

the position, helping the two delegations to understand each other’s points of view and

preparing the ground for further discussions.”Intensive negotiations had been held in 1974

and 1975 between the two countries at official as well as Ministerial levels. At the last round

of talks held between the then Foreign Ministers Mr. Y.B. Chavan, and Dr Kamal Hossain,

they had expressed their confidence in reaching a mutually satisfactory solution to the problem.

[Between 1974 and 1977, India had settled its maritime boundaries with Sri Lanka, Maldives

and Indonesia, and in all these settlements the general principle adopted was the median

line, though in very exceptional cases this was slightly modified. With Sri Lanka, the boundary

was delineated in the Palk Straits, Gulf of Mannar and Bay of Bengal. With Maldives the

maritime boundary was settled in the Arabian Sea and between Kerala coast and Maldives.

So also with Indonesia, it was settled between Sumatra and Nicobar as well as the Indian

Ocean and Andaman Sea.]
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Report on the Indo-Bangladesh Talks on Maritime Boundary, 5 December 1980 reproduced in 
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should be no further resort to force and effective steps should be taken

to prevent recurrence of such incidents. Flag meetings between the

Border Security Force and the Bangladesh Rifles were held on 17th

and 25th November, 1980, with a view to restoring normalcy in this

area. No further firing has been reported since 26th November, 1980.

 ! ! ! ! 

823. Report on the Indo-Bangladesh talks on maritime boundary.

Dacca, December 5, 1980

Bangladesh and India have agreed to resolve the question of delimitation of

maritime boundary in a spirit of mutual understanding and good neighbourly

relations. The four-day official-level talks between the two neighbours that ended

in Dacca on December 5, 1980 made efforts to find out a mutually acceptable

solution to the question of delimitation of maritime boundary.  A joint press

statement, issued at the end of the talks, described it as “useful and constructive”.

The talks were held in an atmosphere of cordiality and understanding. The two

sides have decided to resume the talks “as early as possible” in 1981, the joint

statement said.

The Bangladesh side was led by Mr. A.H.S. Ataul Karim, Additional Foreign

Secretary and the Indian delegation in the talks was led by Dr. S.P. Jagota, Additional

Secretary of the Ministry of External Affairs.

It  may  be  mentioned  that  the  talks  on  delimitation  of maritime boundary

between Bangladesh and India started since 1974 and this meeting was the seventh

round of talks between the two neighbours.

Talking to newsmen at the state guest house “Meghna” after the talks, the

leader of Bangladesh delegation, Additional Foreign Secretary Mr. Ataul Karim

said that the negotiations with India on delimitation of maritime boundary were in

progress. Referring to the next round of talks, he said “let us hope that the talks on

delimitation of maritime boundary will end in 1981".

Replying to a question, the leader of the Indian delegation Dr. S.P Jagota

said, “We want a mutually acceptable solution to the question of delimitation of

maritime boundary.” He termed the issue as “sensitive” and said “we don’t want to

hurry”. Asked how long time the two countries would need to solve the issue, he

said, “we are moving towards a mutually acceptable agreement”.

Asked whether the question of the South Talpatty Island in the Bay of Bengal

also came up for discussion, Mr. Karim said, “We are exchanging additional data

on the island in accordance with the decision of the two Foreign Ministers and the
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issue of the newly emerged island would be taken up separately by the two sides

for a solution.” The two Foreign Ministers had agreed in their August meeting that

the issue would be resolved peacefully at an early data, Mr. Karim said.

 ! ! ! ! 

824. Question In the Lok Sabha : “Census work in Indian enclaves surrounded

by Bangladesh”.

New Delhi, August 20, 1981

Will the Minister of External Affairs be pleased to state :

(a) whether Government of India have made any proposal to the

Bangladesh Government to enable the Indian Census Party to go the

Indian Enclaves (131 enclaves, 29 sq. miles, population about one

lakh) surrounded by Bangladesh for census work there;

(b) if so, what are the details in this regard and reaction of the Bangladesh

Government thereto;

(c) whether Government of India have allowed the Bangladesh Census

party along with the Bangladesh Police personnel to enter into

Bangladesh enclaves (i.e. Dahagram, Angarpota etc.) surrounded by

India through Tin Bigha on 6th July, 1981 without scheduled passport

and without following visa routes;

(d) if so, the reasons therefor; and

(e) whether it is a fact that there had been no Census work in Indian

enclaves surrounded by Bangladesh since 1951 while Bangladesh

was allowed to do the Census work in their enclaves in 1961; if so, the

reasons thereof?

The Minister of External Affairs (Shri P.V. Narasimha Rao) :

(a) and (b). The Government have not  made any proposal  to the

Bangladesh Government to carry out census in the 119 Indian enclaves,

comprising a total area of 69.414 sq. kms. in the adverse possession

of Bangladesh.

(c) and (d). At the request of the Bangladesh Government we had extended

facilities to ensure the safe passage of a Bangladesh census party

through Tin Bigha territory to enable it to conduct census operations in

the enclaves of Dahagram and Angarpota on the 6th July, 1981. The

Agreement between the Governments of India and Bangladesh
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Summary Records of the 191
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A. H. A. Soons, “The Effects of a Rising Sea Level on Maritime Limits and Boundaries”, 
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P. Saenger and N. A. Siddiqi, “Land from the Sea: The Mangrove Afforestation Program of 
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Relevant Abstracts of the Scientific and Technical Guidelines of the Commission on the 

Limits of the Continental Shelf, Doc. CLCS/11, adopted at its fifth session on 13 May 1999. 

  



 



INTRODUCTION 

[...] 

1.3. With these Guidelines, the Commission aims also to clarify its interpretation of scientific, 

technical and legal terms contained in the Convention. Clarification is required in particular 

because the Convention makes use of scientific terms in a legal context which at times 

departs significantly from accepted scientific definitions and terminology. In either cases, 

clarification is required because various terms in the Convention might be left open to several 

possible and equally acceptable interpretations. It is also possible that it may not have been 

felt necessary at the time of the Third United Nations Conference on the Law of the Sea to 

determine the precise definition of various scientific and technical terms. In still ether cases, 

the need for clarification arises as a result of the complexity of several provisions and the 

potential scientific and technical difficulties which might be encountered by States in making 

a single and unequivocal interpretation of each of them. 

[...] 

SECTION 2. ENTITLEMENT TO AN EXTENDED CONTINENTAL SHELF AND THE DELINEATION 

OF ITS OUTER LIMITS 

[...] 

2.2.1. Bath the basis for entitlement to delineate the outer limits of an extended continental 

shelf and the methods to be applied in this delineation are embedded in article 76. However, 

it is clear that the positive proof of the former precedes the implementation of the latter, as 

stated in article 76, paragraph 4 (a): 

“For the purposes of this Convention, the coastal· State shall establish the outer edge 

of the continental margin wherever the margin extends beyond 200 nautical miles 

from the baselines from which the breadth of the territorial sea is measured” 

2.2.2. The Commission defines the term “test of appurtenance” as the process by means of 

which the above provision is examined. The test of appurtenance is designed to determine the 

legal entitlement of a coastal State to delineate the outer limits of the continental shelf 

throughout the natural prolongation of its land territory to the outer edge of the continental 
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margin, or to a distance of 200 nautical miles from the baselines from which the breadth of 

the territorial sea is measured where the outer edge of the continental margin does not extend 

up to that distance. 

[...] 

2.2.5. The Commission finds that the proof of entitlement over the continental shelf and the 

method of delineation of the outer limits of the continental shelf are two distinct but 

complementary questions. The basis for delineation cannot be ether than pertinent to that of 

entitlement itself. 

2.2.6. The Commission shall use at all times: the provisions contained in paragraph 4 (a) (i) 

and (ii), defined as the formulae lines, and paragraph 4 (b), to determine whether a coastal 

State is entitled to delineate the outer limits of the continental shelf beyond 200 nautical miles. 

The Commission shall accept that a State is entitled to use all the ether provisions contained 

in paragraphs 4 to 10 provided that the application of either of the two formulae produces a 

line beyond 200 nautical miles. 

[...] 

2.2.8. The formulation of the test of appurtenance can be described as follows: If either the 

line delineated at a distance of 60 nautical miles from the foot of the continental slope, or the 

line delineated at a distance where the thickness of sedimentary rocks is at least 1 per cent of 

the shortest distance from such point to the foot of the slope, or both, extend beyond 200 

nautical miles from the baselines from which the breadth of the territorial sea is measured, 

then a coastal State is entitled to delineate the outer limits of the continental shelf as 

prescribed by the provisions contained in article 76, paragraphs 4 to 10. 

[...] 

SECTION 5. FOOT OF THE CONTINENTAL SLOPE DETERMINED AS THE POINT OF MAXIMUM 

CHANGE IN THE GRADIENT AT ITS BASE 

[...] 

5. 4.5. The Commission defines the base of the continental slope as a region where the lower 

part of the slope merges into the top of the continental rise, or into the top of the deep ocean 
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floor where a continental rise does not exist. The Commission recommends that the search 

for the base of the continental slope be carried out by means of a two-step approach. First, the 

search for its seaward edge should start from the rise, or from the deep ocean floor where a 

rise is not developed, in a direction towards the continental slope. Secondly, the search for its 

landward edge should-start from the lower part of the slope in the direction of the continental 

rise, or the deep ocean floor where a rise is not developed. 

5.4.6. As a general rule, whenever the base of the continental slope can be clearly determined 

on the basis of morphological and bathymetric evidence, the Commission recommends the 

application of that evidence. Geological and geophysical data can also be submitted by 

coastal States to supplement proof that the base of the continental slope is found at that 

location. 

[...] 

SECTION 6. FOOT OF THE CONTINENTAL SLOPE DETERMINED BY MEANS OF EVIDENCE TO 

THE CONTRARY TO THE GENERAL RULE 

[...] 

6.1.10. The Convention does not prescribe the application of a specific scientific 

methodology to define the location of the foot of the continental slope when evidence to the 

contrary to the general rule is invoked. The Commission interprets this provision as an 

opportunity for coastal States to use the best geological and geophysical evidence available to 

them to locate the foot of the continental slope at its base when the geomorphological 

evidence given by the maximum change in the gradient as a general rule does not or cannot 

locate reliably the foot of the continental slope. 

[...] 

6.2.3. The shelf and the continental slope have characteristics typical of continental crust, 

often including thick layers of sediments. The foot and the base of the continental slope are 

inseparable, and commonly lie close to the outer edge of the continent, that is, near the place 

where the crust changes from continental to oceanic. 

[...] 
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SECTION 8. DELIMITATION OF THE OUTER LIMITS OF THE CONTINENTAL SHELF BASED ON 

SEDIMENT THICKNESS 

[...] 

8.1.8. The sediment thickness at any location on the continental margin is the vertical 

distance from the sea floor to the top of the basement at the base of the sediments, regardless 

of the slope of the sea floor or the slope of the top basement surface. 

[...] 
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Godavari source in the Bengal fan sediments: 
Results from magnetic susceptibility dispersal 
pattern

S. J. Sangode*, N. Suresh and T. N. Bagati
Sedimentology Group, Wadia Institute of Himalayan Geology, 33 General Mahadeo Singh Road, Dehra Dun 248 001, India

The Bay of Bengal has been receiving erosional pro-
ducts dominantly from the Himalaya since Mid-
Eocene time through the Ganges–Brahmaputra river
system, with minor contribution from peninsular
rivers. Spatial distribution of magnetic susceptibility
in 13 cores from the western part of the Bengal sub-
marine fan indicates predominance of Godavari river
source (peninsular India) during the Late Quaternary. 
Sequential down-core analysis of magnetic suscepti-
bility-dispersal patterns suggests that the Godavari
source dominated the top ~ 100 cm of the Bengal
fan sedimentation. This changeover is attributed to
weakening of the Himalayan source (Ganges–Brahma-
putra) after the Last Glacial Maxima (23–14 Ka BP).

THE Bengal fan (20°N to 8°S) in the Bay of Bengal

covering an area of about 3 × 106 km2 and a volume of

7–8 × 106 km3 is the product of extensive denudation of

Himalaya (youngest orogeny of the world)1–4. Sedimenta-

tion in this fan is mainly governed by gravity flows and

turbidity currents1. A Mid-Eocene age was assigned to the 

onset of sedimentation in the Bengal fan2. Relatively more 

continuous sequence is available since Lower Miocene to

present (ODP Leg 116)5. Yokoyama et al.5 inferred that

the Lower Miocene sediments in the Bengal fan are

derived from Precambrian and Palaeozoic sedimentary

rocks of the Lesser Himalaya. Further, they noted a domi-

nant metamorphic source at 15 Ma and un-roofing as well 

as successive erosion of the Central Himalayan rocks

between 3.5 and 0.5 Ma. Thus the Ganges–Brahmaputra

river system of Himalaya was the single largest source of

detritus to the Bengal fan at least till 0.5 Ma (refs 2, 5).

However, magnetic properties on black mud turbidites in

the distal part of the Bengal fan suggested that titanomag-

netite, and to some extent hematite of the Deccan basalt

affinity (peninsular India) dominate the magnetic mineral

assemblage6. Clay minerals in the surface sediments of the 

fan indicate predominance of smectite derived from the

Deccan basalt7. The isopach contours of Curray8 also

depict a significant curvature for the Godavari source in

the Bay of Bengal. Thus, it is widely accepted that the

river Godavari, which flows largely through the Deccan

province in peninsular India has also made an important

contribution to sedimentation over the Bengal fan. How-

ever, the timing of predominant weakening/strengthening

of Godavari vs Himalayan source is not yet resolved for

the Late Quaternary.

Between-the-hole correlation of cored samples is useful

for sedimentologic and climatic investigations in marine

sediments. Magnetic susceptibility measurements pro-

vide a quantifiable, non-destructive and most economic

method for inter-core correlation9,10. Pattern matching of

magnetic susceptibility profiles enables continuous corre-

lation with an added advantage for identification of

irregularities9. The magnetic susceptibility of sediments

responds not only to the majority of iron-bearing ferri-

and anti-ferromagnetic minerals, but also to the variation

in diamagnetic and paramagnetic components such as

quartz, feldspar, calcium carbonate and clay minerals. The 

primary cause of variation of magnetic susceptibility in

deep-sea sediments is the change in the amount and nature 

of terrigenous inputs, grain size associated with sorting by 

various agencies, depositional and post-depositional con-

ditions and climate fluctuations10. The magnetic suscepti-

bility variation of deep marine sediments indirectly

reflects the proportion of biogenic (carbonates and silica)

to lithogenic (clay and detrital) components9. Although

there are a few reports of whole core magnetic suscepti-

bility logging in the Indian ocean11–13, there is no attempt

on sediment provenance studies based on magnetic sus-

ceptibility, particularly for the economically important

Middle and Lower Bengal fan regions.

Geological Survey of India Research Vessel (Samudra

Manthan Cruise: 43) provided deep-sea sediment cores

(each 50 to 300 cm) from the western Bay of Bengal. Pre-

viously Suresh14 and Suresh and Bagati15 performed

detailed textural and grain-size analysis, calcium carbo-

nate and clay mineral determinations using the same split

cores of the present investigation. Suresh and Bagati16

used magnetic susceptibility of two cores and distin-

guished two intervals of ooid turbidites in cores SM 43/15 

and 43/17. During the present investigation we attempted

to precisely determine the source influx in the Middle and *For correspondence. (e-mail:  bswihg@nde.vsnl.net.in)
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Lower fan region using magnetic susceptibility inter-

core-correlation on 13 cores in the western Bay of Bengal 

(14° to 18°N lat. and 83° to 87°E long., Figure 1). Of

these, five cores are from the Lower fan (SM 43/76, 77,

83, 87 and 94), four from the Middle fan (SM 43/15, 17,

22 and 26) and two each from the continental rise (SM

43/42 and 96) and continental slope (SM 43/9 and 100)

off the Vishakhapatnam coast.

Materials and methods

Magnetic susceptibility samples were taken at 5 cm inter-

val by pressing standard non-magnetic cubes into the

split-cores. Susceptibility measurements were carried out

on a Bartington MS-2 system. The instrument uses a

sharply-tuned oscillator circuit to detect the change in

frequency of an AC waveform after insertion of the sam-

ple into the field. The change in frequency of AC is directly

proportional to the magnetic susceptibility (XIf%) of

sample. A peak alternating field of 80 A/m rms is applied

at low (0.465 kHz) and high (4.65 kHz) frequency. After

calibration of the instrument (using pure MnCO3 and dis-

tilled water), each sample was measured three times at

both frequencies to calculate the average frequency

dependence of susceptibility (Xfd%). Corrections for air

and the diamagnetism of plastic containers were made for 

each set of readings and the volumetric magnetic suscep-

tibilities calculated (units of 10 E–11 m3).

Core correlation

Figure 2 a–c shows the spatial and temporal distributions

of sediment texture and magnetic susceptibility in the

Figure 1. Geographic locations of the studied cores from the Bay of
Bengal. Dotted lines mark the position of palaeochannels and the con-
tinuous parallel lines mark the contours. MCT, Main Central Thrust;
MBT, Main Boundary Thrust.

Figure 2. Inter-core correlation using low frequency (0.465 kHz)
magnetic susceptibility (units of 10E-11 m3 SI) among (a), Group A
cores; (b), Group B cores; and (c), Group C cores. Plotted on the vertical
scale are the lithofacies variation with core depths in cm. Dashed lines 
indicate major peak-to-peak and trough-to-trough correlations. Major
peak and troughs are P-1 and P-2, and T-1 and T-2 respectively (as
described in text).

c

b

a
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studied cores. Texturally, the sediments are mainly com-

posed of clay and silty-clay with occasional influx of

clayey-silt, clayey-sand, silty-sand and sandy-silt. The

topmost part of all the cores is dominated by clay (except 

SM 43/09 and 26) while the lower part is dominated by

silty-clay (except SM 43/100, 96, 15 and 22). Broadly the 

clay and silty-clay belong to pelagic/hemipelagic facies

and the rest are gravity flow/turbidites depositional facies 

(more details in refs 14–16). The spatial textural pattern

displays some notable lateral facies variation, even

amongst the adjacent cores. A mud turbidite observed at

40 cm in SM 43/94 is absent in adjacent cores. Similarly

an interval at 250 cm in SM 43/94 showing calcareous

turbidite is represented by the interval of mud turbidite in 

SM 43/87. An ooid turbidite at 40 cm in SM 43/15 is not 

present at this level in its nearest core SM 43/17 (details

in ref. 16). These intervals are expressed by mismatch

in the magnetic susceptibility pattern of the respective

cores.

Magnetic susceptibility core-correlation was performed

by plotting ‘tie lines’ based upon the visual best-fit

pattern match and relative amplitudes of the magnetic

susceptibility curves. Five distinct types of patterns were

observed common in all the cores, viz. (1) acute ‘W’, (2)

tilted ‘W’, (3) flattened ‘W’, (4) tilted ‘Z’, and (5) combi-

nation of ‘Z and W’. Based on the general trend of mag-

netic susceptibility profiles, bathymetric location of the

cores, textural and CaCO3 variation; the inter-core correla-

tion has been categorized into three groups; Group A, SM 

43/100, 43/96, 43/94, 43/87, 43/83 (Figure 2 a); Group B, 

SM 43/09, 43/15, 43/17, 43/22, 43/26 (Figure 2 b); Group C,

SM 43/42, 43/76, 43/77, 43/87 (Figure 2 c).

Group A yielded the best correlation amongst all the

groups, with a good within-group correlation between the

two distant cores SM 43/94 and SM 43/87. The cores in

this group are arranged in the order: Continental slope

(SM 43/100), Continental rise (SM 43/96), Marginal

lower fan (SM 43/94) and Lower fan region (SM 43/87

and SM43/83). Decrease in the intensity of magnetic sus-

ceptibility towards the deeper part of the ocean suggests a 

general preponderance of source-controlled nature of

magnetic mineral distribution. Convergence of tie lines

towards the deeper part indicates decreasing rate of sedi-

mentation towards the deep ocean. Four major tie lines in 

Group A indicate primarily the two peaks (P-1, P-2) and

two troughs (T-1, T-2). There is no apparent correlation

between plots of Xfd% (Figure 3) and the magnetic sus-

ceptibility (Figure 2 a) suggesting its control by detrital as 

well as authigenic components at different levels and de-

positional conditions. The Xfd% for P-2 in Group A sug-

gests an inverse relation to susceptibility and is in the

range of authigenic Single Domain grains (SD, Xfd% ~ 0–

5%)17, except for the continental slope core (SM 43/100). 

This level (P-2) for the cores in the deeper part of the

ocean (SM 43/87 and 83) also corresponds to a prominent

peak in CaCO3 (Figure 4). Suresh and Bagati15 reported

significant occurrence of in situ calcareous fossils at this

level for the same cores, resulting in the higher carbonate

Figure 3. Coefficient of frequency dependence of susceptibility (Xfd%) plots with vertical scale of depth of cores (in m).
Tie lines correspond to P-1, P-2, T-1 and T-2 for the respective cores in Figure 2 a–c of magnetic susceptibility inter-
core correlation.
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content. Hence the SD fraction at this level may be of

authigenic origin similar to biogenic magnetites reported

elsewhere in deep marine environments18. There is a sig-

nificant mismatch from 200 to 250 cm level of SM 43/94

and 87. This is also pronounced in the CaCO3 curves

(Figure 4) and lithologic and textural parameters15. The

Xfd and Xlf for the peak P-1 in the deeper part cores show 

a direct correlation and fall in the range of super-

paramagnetic (SP) fraction (0 to 0.3 µm), which probably 

suggests anthropogenic input (widely discussed by

Thompson and Oldfield18).

Group B cores document three levels of mismatch; at

30–40 cm and ~ 100 cm, respectively between SM 43/15

and 17, and at ~ 80–120 cm between SM 43/17 and 22.

These intervals amongst the magnetic susceptibility pat-

terns of SM 43/22, 43/17 and 43/15 remarkably corres-

pond to the different turbidity events described in ref. 16. 

A mismatch noted at ~ 100 cm between SM 43/22 and 17 

corresponds to a sharp decline in CaCO3 near 100 cm

interval of the core SM 43/22, in contrast to its increase in 

the adjacent core SM/17 (see Figure 2 b and 4). This

interval is marked by a sandy turbidite15 in SM 43/22,

which is absent in SM 43/17. The intervals from

104 cm to 112.5 cm in SM 43/17 and from 27 to 49.5 cm

in SM 43/15 are ooid turbidites. Such mismatch

between adjacent cores is due to different lithofacies

associated with independent turbidity events and/or gra-

vity flows.

Group C cores show good correlation amongst SM

43/76, 77 and 87, which agrees well with the earlier

reported15 good correlation between CaCO3 and sandy

fractions for the same cores. An interval of 100–150 cm

of the cores SM 43/42 and 43/76 does not correlate ide-

ally to SM 43/77. The detailed textural and mineralogical

data suggest difference in lithology during the same inter-

val. The peak at this interval (P-2) in SM 43/76 is

co-relatable to the peak in SM 43/77, which can further be 

correlated with P-2 of SM 43/87.

Magnetic susceptibility dispersal patterns

Relative core positions were plotted using latitude/longi-

tudes for respective cores creating a grid in a Microsoft

Windows-based graphics software. The surface of the

three-dimensional projection was elevated on a vertical

scale of magnetic susceptibility for the respective core

positions. Thus four subsequent intervals are plotted

assigning the magnetic susceptibility values of correlated

peaks/troughs (P-1, T-1, P-2 and T-2) to depict the mag-

netic susceptibility dispersal with time and space. SM

43/87 is the longest core in the deeper part of the ocean.

The magnetic susceptibility curve as well as textural and

lithologic parameters are less affected by irregularities in

this core. Further, detailed pollen analysis was conducted

by Phadtare and Thakur19 on the same core. Therefore,

the reference depth levels assigned for the different

stages in the 3D susceptibility dispersal pattern (P-1 at

15 ± 5 cm, T-1 at 55 ± 5 cm, P-2 at 110 ± 5 cm and T-2 at 

180 ± 5 cm in Figure 5) are with reference to SM 43/87

and the error (± 5 cm) due to sampling interval. The

respective magnetic susceptibility values for correlated

Figure 4. Percentage calcium carbonate variation in the studied cores 
for Groups A–C using loss on ignition method (details in ref. 15).

Figure 5. Cartoon depicting three-dimensional magnetic suscepti-
bility dispersal patterns for the subsequently correlated stages T-2, P-2,
T-1 and P-1 (described in text). The grid has been elevated on vertical
axes using the correlated peak or trough values of magnetic suscepti-
bility (10E-11 m3 SI units) for the respective stages on the relative
cores locations. D denotes the depression in the dispersal pattern.
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peaks and troughs of the individual cores are plotted on

the vertical scale.

The magnetic susceptibility dispersal pattern (Figure 5) 

suggests a downward slope off the Vishakhapatnam coast. 

Correlation of peaks (and troughs) by tie lines displays a

decreasing trend in rate of sedimentation after P-2

towards the deeper part (see the converging tie lines in

Figure 2 a–c) in contrast to diverging tie lines below P-2.

This pronounces the effect of increased influx from

Godavari after P-2 level. From the dispersal diagrams it

can be noted that the depression (D in Figure 5) marks the 

elevation towards Godavari source and is migrated away

towards the deeper part of ocean with younger stages of

respective levels, i.e. T-2 to T-1 and P-2 to P-1. Hence

this depression in dispersal pattern is taken as a reference 

to denote the source fluctuations. Stage T-2 (180 ± 5 cm)

shows the minimum intensity of magnetic susceptibility

during which Godavari source was weak and confined

mostly to the continental slope region. The depression

started migrating away from the Godavari source (off

Vishakhapatnam coast) during stage P-2 (110 ± 5 cm).

Further, upwards from the next stage (T-1) the depression 

migrated more effectively away from the Vishakhapatnam

coast (see Figure 5). The P-2 interval precisely coincides

with the decreased continentality as inferred by Phadtare

and Thakur19 from pollen analysis and high in situ carbo-

nate reported by Suresh and Bagati15 based on SM 43/87.

Discussion and conclusion

The prominent peak at P-2 corresponds to the less conti-

nentality, which may occur during the Last Glacial

Maximum (LGM). The LGM in the Bengal fan is marked 

by decreased input from Himalayan source relative to the

Deccan source (peninsular India) due to weak SW mon-

soon, corresponding to the decreased discharge from

Ganges–Brahmaputra rivers20–22. Although no dating was

available for the studied cores, based on the previous

work20–22 in a nearby area, LGM was reported at 60 to

100 cm level of core depth.

The susceptibility peak P-2 shows direct relation to

calcium carbonate for majority of cores (Figures 2 and 4) 

instead of an inverse relation that can be expected from

the diamagnetic nature of carbonates. Earlier Suresh and

Bagati15 reported the in situ biogenic nature of the carbo-

nates at this level. Therefore, such a direct relation

favours authigenic SD magnetite of biogenic nature that

may be evident from the Xfd% values at this interval

(discussed earlier in the article). The increasing trend in

calcium carbonate away from the shore and its biogenic

nature suggests that the low continentality (terrigenous

influx) during this interval (LGM) weakened the Hima-

layan source relative to the peninsular source. Sub-

sequently the stages T-1 and P-1 too mark to continue the 

predominance of the Godavari (peninsular) source. Prior

to the interval T-2, the more detrital inputs from the

Ganges–Brahmaputra were diluting the magnetic inputs

off the Vishakhapatnam coast/Godavary source, that is

characteristic of higher magnetic susceptibility due to

weathering products of Deccan basalt in the peninsula.

Therefore, the decreased input from Ganges–Brahmaputra

subsequently after P-2 (i.e. 110 ± 5 cm) gave rise to

increased amplitudes of susceptibility peak in the younger 

stages (see the amplitudes of P-1 with respect to P-2 and

T-1 with respect to T-2). Hence, it can be concluded that

a changeover from Ganges–Brahmaputra to Godavari

source took place after LGM during the Late Quaternary

sedimentation history of the Bengal fan.
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With the help of high resolution satellite data (SPOT products), it has been possible to portray on maps the present 
distribution of main mangrove types and sub-types of the Bay of Bengal coastline. New figures have been given for the 
mangroves of each concerned country especially for Myanmar. The present ecological status of mangrove ecosystems in the 
three major deltas, the Godavari, the Ganges and the Irrawaddy are totally distinct. In the Godavari delta (India) mangroves 
are receding in area and biomass; in the Ganges, the Sunderbans (India and Bangladesh) are evolving very slowly in size but 
an important species substitution is in progress; in the Irrawaddy (Myanmar) mangroves are in continuous decline. The 
present distribution and status of each mangrove type is the result of direct and indirect anthropic factors. Conversion to 
agriculture, reafforestation, fishponds constructions, forest exploitation are now easily detected from space. Conversely, 
indirect impacts, such as freshwater diversion or chemical pollution, cannot be monitored with sensors operating in the visi-
ble part of the electromagnetic spectrum. 

[ Key words : Mangroves, mapping, remote sensing, Bay of Bengal ]

Although the present distribution of each mangrove 
type, along a given coastal stretch, and the present 
relative abundance of individual mangrove species are 
not always fully explained, it appears that the main 
cause of mangrove change is the anthropic destruction 
of these ecosystems following policy decisions relat-
ing to economic development by Governments or pri-
vate sectors. In protected areas such as the Sunder-
bans (India and Bangladesh) or in the Andamans, 
changes in mangrove ecosystems are obviously much 
slower than elsewhere. The main objective of this pa-
per is to produce a new assessment of the mangroves 
located along the coasts of the Bay of Bengal. The 
study area is unique in many ways. It has the world’s 
largest mangroves in a single block (the Sunderbans, 
5700 km2), one of the world’s largest coastal affore-
station programmes (Bangladesh), one of the rare re-
maining genuine, almost untouched mangroves in 
Andaman Islands and, probably, the least scientifi-
cally explored coastal ecosystems, in Myanmar. For 
the first time a cartographic assessment of these man-
groves, using remote sensing data, has been achieved. 

Materials and Methods 

The coasts of the Bay of Bengal belong to four im-
portant countries, the east coast of India, Bangladesh, 
Myanmar and the west coast of Thailand (Fig. 1). Re-

cent satellite data are now available. Since the publi-
cation of our Classification and evolution of the man-
groves of India1 and the World Mangrove Atlas2 we 
have been trying to produce a cartographic inventory 
of remaining mangrove stands all over Asia, espe-
cially in the Bay of Bengal, in order to quantify the 
changing status of these mangroves. 

From a methodological point of view a complete 
wall-to-wall coverage with high resolution satellite 
data has been collected. The concerned satellite data 
are the following: 

 A full coverage with SPOT quicklook products 
provided by Spot Image Company, Toulouse, 
France. Most of them have been acquired between 
1996 and 1999. 

 RESURS satellite data cover the entire Irrawaddy 
delta (Myanmar). They were provided by EEC Joint
Research Center, Ispra, Italy. In addition SPOT3 
HRV 251/318 (7 March 1996 and 17 March 1999) 
was provided by Spot Image Company. 

 Moreover, for India and Bangladesh, the Sunder-
bans were covered by several SPOT images (KJ 
234/306), the latest being acquired on the 11th 
March 1999. 

 For Thailand, the satellite data are those analysed 
by the IDRC/NRCT/RFD in 1991. 
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A detailed description of image enhancement, 
software, GIS types etc. is reported earlier3. They do 
not differ fundamentally from those classical super-
vised automated classifications already described4-6.

All figures provided in this paper concerning the 
actual extent of the mangroves in major deltas of the 
east coast of India (Mahanadi, Khrishna and Goda-
vari, Cauvery), the successful afforestation pro-
gramme in Bangladesh, the magnitude of deforesta-
tion activities in Myanmar (Burma) etc. are new and 
are supported by satellite products. However they 
need additional surveys and cross-checking with 
ISRO’s and IDRC’s remote sensing inventories7,8. It 
may be noted that mangroves of the Arabian Sea and 
those of the Andaman and Nicobar Islands were not 
studied here. 

One of the main difficulties encountered is the dis-
crimination of mangrove sub-classes from space. It is 
well known that in natural ecosystems or in phenom-
ena, exact boundaries are difficult to define, and lim-
its can only be approximated. We decided to produce 
a general code to represent the real-world entities 
normally found in mangrove areas. We subsequently 
adopted a practical classification system based on the 
predefined concepts given in Table 1. Such a sub-
division of mangrove ecosystems into smaller and 
smaller sub-classes is unavoidable for any multi-scale 
inventory. 

In theory, each of these mangrove sub-classes has a 
characteristic  spectral response induced by its chloro- 
phyll content (density and structure of the ecosystem) 
which is mainly integrated by the red bands (strongly 

Fig. 1 Location of main mangrove stands in the region, including the Bay of Bengal coastal stretch [1 Cauvery delta (Pichavaram), 

2 Krishna delta, 3 Godavary delta, 4 Mahanadi delta, 5 Ganges delta (Sunderbans), 6 Arakan coast (Myanmar), 

7 Irrawady delta, 8 Tenasserin coast (Myanmar), 9 West coast of Thailand (Ranong and Khan Pha Bay)] 

Table 1 Main mangrove types in India and probably in Asia1

Average height  Average ground coverage or density 

(m) 70-100% 25-70% <25% 

> 5 1-Tall dense mangrove forest 5-Tall open mangrove forest 9-Mangrove woodland 

2-5 2-Low dense mangrove forest 6-Low open mangrove forest 10-Low mangrove woodland 

0.5 to 2 3-Dense mangrove thicket 7-Open mangrove thicket 11-Scattered mangrove shrub 

< 0.5 4-Low dense mangrove thicket 8-Low discontinuous mangrove thicket 12-Scattered mangrove under-shrub
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absorbed by green plants) and by the humidity gradi-
ents in soils (related to tidal levels) that are easily de-
tected from the near infra-red bands. 

To produce some statistics at a continent or a sub-
continent level (i.e. at a relatively small scale), the 
classification system had to be simplified, hence the 
priority was to discriminate from space and to deline-
ate the following classes: 
 Dense (tall or low) mangroves (including unex-

plained top dying) 
Degraded mangrove or young stands 
Very degraded mangrove or young stages 
Mangrove afforestation areas 
Active deforestation activities (hot spots) 
Mangrove areas converted to other uses 

Dense mangroves The canopy is dense and ev-
ergreen; such an ecosystem or group of ecosystems 
(sub-classes 1 to 4 in Table 1) is hardly subject to 
visible degradation processes, from space. This class 
includes, in the Gangetic delta, an area which corre-
sponds to an unexplained mortality of some mangrove 
trees (Heritiera fomes).

Degraded and very degraded mangrove stages 

This is a broad class in which most degraded stages 
(mainly 7 to 12 in Table 1) are grouped, although at a 
local or a national levels, additional distinctions 
would be needed.

Mangrove afforestation areas They have been 
discriminated and mapped. This extremely ambitious 
coastal management activity is commented in the sec-
tion related to the Gangetic delta. 

Active deforestation activity (or hot spots) 

Deforestation and wood extraction are major causes, 
yet poorly documented, of mangrove depletion in 
many parts of the world. Monitoring activities are to 
be focused mainly on those areas where active defor-
estation practices were observed and should be con-
sidered as ‘hot spots’ for the survival of rare plant 
communities. In this specific topic satellite technology 
provides capability which hitherto were unavailable. 

Mangrove areas converted to other uses This
comprises a class which is not fully reliable. How-

ever, what has been mapped in this class represents 
the minimum coastal areas where the soils have a re-
flectance similar to that of mangrove soils but where 
mangroves no longer exist. This class gives an idea of 
the magnitude of mangrove losses in the concerned 
areas during this century. In countries like India and 
Bangladesh mangroves were mainly converted to ag-
riculture. In Thailand and Viet Nam, recent mangrove 
conversions during the last 25-30 years were mainly 
due to aquaculture. Conversely, old non productive 
shrimp ponds are now being replanted with mangrove 
species especially in Viet Nam (Rhizophora

apiculata) and in Bali (R. mucronata and Bruguiera 

gymnorrhiza).

Results 

Mangrove ecosystems along the Bay of Bengal 
coast (excluding islands) can be considered as rela-
tively well known except for those of the coastal zone 
of Myanmar. Several recent works have been devoted 
to local or national mangrove studies. This is the case 
in India, where the specialized literature is abun-
dant9,10 and in Bangladesh where mangrove play a 
vital role11. In Thailand also12 where several important 
researches have been recently carried out either lo-
cally, especially in Ranong, Klung areas and Phuket 
island, or with the analysis of a full remote sensing 
coverage13-15. On the other hand the Andaman and 
Nicobar Islands which are not analysed in this paper 
were abundantly studied16-20. In these islands of the 
Bay of Bengal the present status of main mangroves 
stands seem to be satisfactory with several sites hav-
ing been given legal protection especially in the 
framework of the great Andaman Biosphere Reserve. 

The location of main mangrove stands is given in 
Fig. 1. This coastal stretch about 5000 km long, is 
located in a tropical region characterised by moist 
tropical coastlands in its northern and eastern parts 
(more than 1500 mm of rain per year, 5-6 dry months: 
December to May), a much dryer coastal part 
(800-1200 mm of rain per year, 6-8 dry months: 
January to August) is found near Chennai (Madras, 

Table 2 Characteristics of the three major tropical rivers and their deltas of the Bay of Bengal 

 Mean tidal Average flow Annual sediment Catchment Deltaic area 
 amplitude (m) (m

3

/s) discharge (tons/years) area (km2) (km2)

Ganges/      

Brahmaputra 5 35,000 2.5 billion 2 million 100,000 

Irrawaddy 3 12,000 300 million 320,000 20,000 

Godavari 1.5 3,000 ? 133,000 8,200 
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India) and in Sri Lanka. One of the most spectacular 
climatic peculiarity is the high frequency of cyclonic 
storms which affect the eastern coasts, especially in 
India, and the northern Bay of Bengal21. Three major 
tropical rivers and their deltas are found in the Bay of 
Bengal (Table 2). In theory, this broad climatic, geo-
morphological and hydrological context is, globally, 
extremely favourable for the development of luxuriant 
mangroves in the above deltas as well as in creeks and 
bays of the region. In practice they are receding at an 
alarming rate. 

East coast of India 

At least 85% of India’s mangroves are found in the 
east coast where rivers and estuaries are more exten-
sive than on the coast of the Arabian Sea. The largest 
areas of mangroves are found in the Sunderbans 
(mouth of the Ganges) and in Andaman and Nicobar 
Islands (interesting ecological, conservation and res-
toration data on the mangroves of the west coast of 
India and Sri Lanka are available22-26).

The average figures available in 1975 for the east 
coast of India27 are as follows: 
Cauvery delta 15 km2

Krishna and Godavari deltas 100 km2

Mahanadi delta 50 km2

Sunderbans (West Bengal-Ganges) 2000 km2

Total 2165 km2

However no accurate mapping was available at that 
time and these figures needed confirmation. Today 
only relict stands of mangroves are found along the 
east coast of India, each one in almost complete isola-
tion. All these mangroves are within the reach of vir-
tually everyone. 

In the South of the Indian Peninsula some isolated 
patchy mangroves are found. They are rare and 
mainly composed with stunted populations of Avicen-

nia marina Vierh. These little remnants of the Palk 
Strait mangroves are poorly known; they receive a 
very limited amount of fresh water and have dense 
human communities close by. All are overgrazed and 
suffer from an uncontrolled fire-wood extraction28.

Best preserved stands are found near Chidambaram 
(Pichavaram mangroves) in the delta of Cauvery 
river. They correspond to ‘low open mangrove forest’ 
(Fig. 2) with Avicennia marina Vierh., A. officinalis

L., Excoecaria agallocha L. of our classification1.
Rhizophoraceae members [R. apiculata Bl., 
Bruguiera cylindrica (L.) Bl.)] are also present in 
Pichavaram. They are becoming rare elsewhere on the 
east coast of India. In summary the general ecological 

conditions prevailing in this part of Asia, South of the 
14th parallel are: 

 Exceedingly long dry season (7 or 8 consecutive 
months without rain, from January to July or Au-
gust) inducing high salt concentrations in soils and 
tidal water. 

 Short irregular rainy season (Oct. to December) 
accompanied by cyclonic storms. 

 Most of the remaining mangroves are found in al-
most closed coastal lagoons in which tidal influ-
ence is very reduced (< 0.50 m) and the risk of
long lasting floods during cyclonic periods is high 
(as in Muttupet). 

 Strong anthropic interference including fuel wood 
extraction, fresh water diversion for agriculture, 
over grazing etc. 
All these precarious ecological conditions are not 

in favour of mangrove development, which are under 

Fig. 2 Some physiognomic mangrove types commonly found in 
the study area (see Table 1). [1. Rhizophora sp., 2. Avicennia sp., 
3. Excoecaria agallocha, 4. Sonneratia sp., 5. Bruguiera gym-

norhiza, 6. Ceriops sp., 7. Acanthus ilicifolius, 8. Acrostichum 

aureum, 9. Suaeda spp.] 
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threat29. Nevertheless it has been shown that even ex-
tremely poor mangrove stands, surviving in hostile 
environmental conditions, play a positive role in the 
production of postlarval stages and juvenile shrimps30-32.
The present extent of mangrove stands in Cauvery 
delta could be about 6 km2 of degraded mangrove. 

The mangroves of the deltas of the Krishna and the 

Godavari rivers

Here, mangroves (Fig. 3) are about 750 km2 from 
the nearest mangroves located northwards in Orissa 
(Mahanadi delta) or southwards in Tamilnadu (Cau-
very delta). This great discontinuity in the distribution 
of halophytes has certainly played a role in their pre-

sent floristic composition. Some striking and unex-
plained features have to be recalled, including: 

  The high natural abundance of Sonneratia 

apetala Buch. Ham in these deltas although it has 
totally disappeared southwards. 

 In contrast, Nypa fructicans Wurms. which is 
found northwards (Mahanadi and Gangetic deltas) 
is unknown southwards in India. 

Other floristic peculiarities have been recorded in 
these deltas where the remaining mangroves are un-
dergoing  serious hydrological, geomorphological and 

anthropic alterations. The largest mangrove stands are 

found at the mouths of the Coringa. Elsewhere, low 

Fig. 3 The mangroves of the Krishna and the Godavari deltas: an illustration of satellite data (A. SPOT4 quicklook, KJ 223/316, 
10 Jan. 99; B. SPOT2 quicklook, KJ 221/318, 22 Feb. 99) and resulting map. [Legend of map: 1. Dense mangrove forest (silviculture or 
natural); 2. Unexplained top dying; 3. Degraded mangrove (or young stands);  4. Very degraded mangrove (or young stages); 5. Man-
grove afforestation areas; 6. Mangrove areas converted to other uses, 7. Intensive mangrove deforestation] 
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open mangrove forests, open mangrove thickets and 

low degraded riverine mangroves are progressively 

declining in spite of their importance as habitats for 

juvenile shrimps feeding grounds and production of 

post larval stages1,33-35. In the Krishna delta conspicu-

ous halophytic communities were observed from 

space (Suaeda, Salicornia, Arthrocnemum). The pre-

sent extent of mangrove stands in Krishna and Goda-

vari deltas seems to be about 130 km2 of dense, sec-

ondary mangroves and 150 km2 of very degraded 

mangroves intermingled with conspicuous halophytic 

communities with Chenopodiaceae. These figures 

need confirmation.

The Mahanadi delta 
In contrast with the Ganges delta, the little known 

Mahanadi delta has attracted little attention of the sci-
entific community. Interestingly the flora of 
Mahanadi mangroves (Fig. 4) is extremely diverse 
and seems to be one of the richest of the world, simi-
lar to the flora of the Ganges, except perhaps that 
Nypa fruticans, which is common in the Ganges, is 
almost extinct in the Mahanadi delta. 

One of the most striking floristic features of the 
Maipara estuary, according to the list of plants re-
corded by Banerjee & Rao36,37 is the abundance of 
phanerogams which is presumably higher than that of 
the Ganges with the presence of such species as Son-

neratia griffithii Kurz and Aegilitis rotundifolia Roxb. 
This point needs confirmation as these species have 
not previously been reported from India. Heritiera 

fomes Buch-Ham and allied species such as H. littoralis

Fig. 4 Main mangroves of the Mahanadi delta: an illustration of satellite data (SPOT4 quicklook, KJ 231/309, 16 Dec. 98) and result-

ing map [Legend of map: see Fig. 3] 
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Aiton and H. globosa Kosterm. (the latest species be-
ing reported only from Borneo as far as we know), are 
also reported by Banerjee & Rao36,37. No explanation 
has yet been given to such an exceptional floristic 
richness concentrated in such a tiny mangrove area 
endowed with a highly diversified physiographic 
context.

The factors influencing biodiversity and floristic 
richness in each deltaic region is not fully under-
stood38. The assumption here is that the propagules 
originated in the Sunderbans are water-buoyant and 
dispersed to the nearest deltaic area which is the 
mouth of the Mahanadi river. This could explain the 
high degrees of relationship between the floras of the 
Ganges and of the Mahanadi. However, each species 
has its own past history and its own biological proper-
ties depending on the time its propagules remain 
buoyant and viable, its capacity to establish in each 
geomorphological, pedological and tidal context. To-
day, in about 250 km2 of mangroves, one of the high-
est biodiversity of halophytic phanerogams is concen-

trated. It could be interesting to extend the study to 
the faunal diversity (Polychaetes, Gasteropods, 
Brachyurans etc.). 

The ecological conditions are rather similar to 
those of the Sunderbans with frequent severe cyclonic 
storms, mean annual rainfalls fluctuating between 
1500 and 2000 mm (May to November) and a tidal 
amplitude much higher than in the South (3 to 5 m). 
Several physiognomic types can be found in the 
Mahanadi delta including: ‘tall dense mangrove 
forest’ with Heritiera fomes; ‘open mangrove thick-
ets’ with palms (Phoenix paludosa Roxb.); ‘scattered 
mangrove undershrubs’ with grassy halophytes (Suaeda, 

Salicornia etc.). The present extent of mangrove stands 
in the Mahanadi delta (Fig. 4) seems to be about 120 
km2 of dense mangroves, 50 km2 of degraded man-
groves and 90 km2 of very degraded mangroves. 

The Gangetic delta (India and Bangladesh) 
The Gangetic delta (the Sunderbans), is formed at 

the confluence of two big rivers, the Ganges and the 

Fig. 5 The mangroves of West Bengal (India) and Bangladesh [Legend of map: see Fig. 3]
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Brahmaputra, where the world’s most extensive man-
grove forests in a single block are found today, cover-
ing about 2000 km2 in the Indian territory and about 
3700 km2 in Bangladesh (Fig. 5). Key ecological pa-
rameters which strongly influence the biology of these 
communities are: high tidal amplitudes exceeding 6 m, 
high frequency of cyclonic storms (1 to 4 every year), 
high demographic pressure (> 800 inhabitants/km2). 
The entire region is cut by a dense network of rivers 
and canals in which the islands are densely covered 
with mangroves. The densely inhabited northern parts 
of the delta are protected by tall embankments (8-10 
m above the water level at low tide). 

Practically all mangrove types described on Indian 
shorelines can be found in the Sunderbans. ‘Tall 
dense mangrove forests’ with Heritiera fomes (in 
Bangladesh) or with Avicennia officinalis L. (in West 
Bengal, India) are common. But the assemblage of 
species varies from one place to another. Excoecaria 
agallocha (gewa) is abundant and heavily exploited. 
Ceriops decandra (Griff.) Ding Hou also forms ‘low 
dense forests’, whereas Nypa fruticans (golpatta) 
forms narrow fringes at the edge of the mangrove in 
Bangladesh, close to the principal water course. Until 
now we have not been able to discriminate these flo-
ristic and physiognomic types from space. 

The scientific literature available today is abundant 
and covers an imposing array of topics such as ecol-
ogy39, phytochemistry, remote sensing and soils21,35,40,
aquatic and terrestrial mammals such as dolphins, 
deers and tigers41-43, microfungi44, afforestation prac-
tices45-47, productivity48-50, biodiversity51 etc. 

In spite of a large amount of literature available to-
day on the Sunderbans, our ecological knowledge re-
mains meagre and scattered. Almost all management 
practices that are applied in these mangroves, like in 
most mangroves of the world, are primarily the result 
of empirical expertise often provided by foresters. 
Such fields as primary productivity, plant animal in-
teractions, micro-organisms and nutrient cycling in 
mangrove soils and waters etc. which constitute es-
sential knowledge for management practices on a long 
term sustained yield basis, are practically unex-
plored52.

This very valuable resource called as ‘Sunderbans’ 
is protected and managed in India and Bangladesh 
since more than 70 years. The most valuable timber 
(furnitures, constructions, ships etc.) is Heritiera fo-

mes (local name sundri). Trees of 60 cm diameter and 
about 30 m tall were recorded at the beginning of this 

Fig. 6 Active deforestation in the mangroves of Myanmar (Arakan coast): an illustration of satellite data (Assemblage of SPOT1 
quicklook, KJ 246/311, 9 Dec. 98 and SPOT4 quicklook, KJ 246/312, 1 Jan. 99) and resulting map [Legend of map see Fig. 3]
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century53 ‘but owing to heavy fellings and the diffi-
culties experienced in controlling them, trees over 3 
feet in girth are now by no means common’. This 
progressive degradation in the standing biomass of the 
Sunderbans is continuing. Some serious changes are 
occurring since 1980. SPOT satellite observations3

show an abnormal decline in the absorption of band 
XS2 (red band 0.61-0.68 µm) indicating a tendency 
towards deciduousness or leaf-shedding which is 
often the signal of unhealthy situations and a probable 
ecological disturbance. This abnormal spectral re-
sponse is due to the so called ‘Heritiera top dying’ 
which opens the canopies. This alteration which af-
fects a dominant species has probably deep conse-
quences in ecosystem processes, in stand structure, in 
socio economic impacts etc. The Sunderbans are 
probably entering a transitional phase to a closed can-
opy mangrove of unknown components. Such species 
as Excoecaria agallocha which shows a natural ten-
dency to spread all over the mangroves in this part of 
the world could become the leading species if the 
global ecological conditions affecting the dying areas 
remain suitable. 

As the matter of fact the dieback of Heritiera fomes

(Fig. 5), raises obvious economic and ecological is-
sues particularly related to its causes and to the devel-
opment of new successional stages. The mortality 
which affects one species does not create here impor-
tant gaps in the ecosystems. This means that light 
demanding species often found on higher mangrove 
soils are able to settle soon after the felling of sundri.
According to known auto-ecological behaviours 
Excoecaria agallocha and some Rhizophoraceae 
members (Ceriops or Bruguiera) are likely to be the 
first pioneers in open stations. The Department of 
Botany of the University of Chittagong (Bangladesh) 
has set up a monitoring programme for the detection 
of the evolutionary trends in the mangrove areas af-
fected by the dieback disorder of Heritiera fomes.
Recently Siddiqi54 has given an overview of this im-
portant issue. 

In addition to this variety of natural mangrove 
types, the Ganges delta now has important coastal 
afforested areas in several islands located offshore 
from Bangladesh, that can be observed and mapped 
with high resolution satellite data. Their density in the 
field some times does not exceed 30%. Two main 
species used are: Sonneratia apetala Buch.-Ham 
(80% of mangrove plantation, especially in islands 
where the salinity is lower - about 20 ‰ i.e. Rangabali 

and Kukri islands) and Avicennia officinalis L. which 
is planted in the eastern coastal belt where the salinity 
of the water is higher - about 25 ‰.

According to our satellite observations, the rate of 
survival and growth seem to be different from one 
place to another. If the afforestation programme in 
Bangladesh which began in 1966 has involved about 
160,000 ha, the global apparent rate of success is 
about 50 % (80,000 ha). Additional data on the man-
groves of Bangladesh are available elsewhere11.

The present extent of mangrove stands in the 
Gangetic delta is probably as follows: 

In India: Dense mangrove 1330 km2

Unexplained top dying 220 km2

Degraded mangrove or
young stands 

140 km2

Very degraded man-
grove or young stages

230 km2

In Bangladesh: Dense mangrove 3570 km2

Unexplained top dying 510 km2

Degraded mangrove or
young stands 

50 km2

 Mangrove afforestation
areas

790 km2

The mangroves of Myanmar 

Aug Myint & Kyaw Sae55 and Han56 have given 
noteworthy ecological and botanical description for 
local areas which complements the technical notes 
provided by British botanists and foresters55,57. Ac-
cording to Troup53 (p. 153) ‘on the Arakan and 
Bassein (Irrawaddy) coasts, there are extensive Sun-

dri (Heritiera fomes) forests which have hitherto been 
little worked, while in Tenasserim there are belts of 
Sundri along many of the tidal creeks and round is-
lands especially in the Mergui district...’. As illustrat-
ing the gregarious nature of the tree, eleven sample 
plots of Sundri forest in the Arakan showed the fol-
lowing average stock: 

Seedlings 357 per acre 
Trees 1-2 ft in girth 104 per acre 
Trees 2-3 ft in girth 52 per acre 
Trees 3-4 ft in girth 23 per acre 
Trees 4-5 ft in girth 8 per acre 
Trees 5 ft and over in girth 2-7 per acre 

This very valuable timber is exploited and easily 
transported by sea although the shipping routes re-
main unknown. According to Han56 the average an-
nual mangrove depletion in Myanmar was 6700 ha in 
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1992, whereas rehabilitation and restoration of these 
ecosystems were negligible. 

The present satellite survey clearly shows the criti-
cal situation of the mangroves of Myanmar, with 
extensive and uncontrolled clear cutting in many 
places along the Arakan coast, presumably with the 
ultimate objective of extracting Heritiera fomes boles 
and converting the mangrove land to agriculture 
(Fig. 6). The present extent of mangrove stands in 
Myanmar is presumably about 2325 km2 of dense 
mangroves, 2200 km2 of degraded mangroves and 
2425 km2 of very degraded mangroves. According to 
satellite data, at least 1700 km2 of mangroves have 
been clear felled recently in the Arakan Coast which 
is most affected by deforestation practices. These re-
sults are surprisingly high and need confirmation. 
Apparently the evaluation carried out to date in this 
country have underestimated the actual extent of 
degraded mangroves along the Tenasserim coast. 

West coast of Thailand 
The present areal extent of the mangroves of Thai-

land is reduced to about 1900 km2. According the 
survey carried out in 1961 by the Royal Forest 
Department58, Thailand mangroves covered about 
3600 km2, about 40 years ago. This is the result of a 
huge conversion to other uses mainly for the expan-
sion of shrimp ponds8,13,59. However the generaliza-
tion of mangrove destruction in Thailand has affected 
most by the coasts of the Gulf of Thailand, form 
Chantaburi, near the border with Cambodia, to Pattani 
near the border with Pensinular Malaysia. 

The west coast of Thailand from Ranong to Turu-
tao has so far been spared from large scale human 
impacts. The mangrove stands of Ranong15 and of 
Khan Pha Bay near Phuket are good examples of 
almost natural ecosystems with diverse and as yet 
unexplained types of zonations60 with a rich woody 
flora. Sonneratia griffithii Kurz (endemic to the Bay 
of Bengal) seems to be rare at present. 

Although we do not have a recent satellite control 
covering the whole mangroves in Thailand, the 
present assumption leads to the following figures61.

Thai mangroves of the Gulf of Thailand: 

Total 450 km2

(patchy remnants scattered over 16 provinces) 
Thai mangroves of the Andaman Sea: 

Ranong Province 210 km2

Phang-nga 360 km2

Phuket 18 km2

Krabi 300 km2

Trang 260 km2

Satul 310 km2

Total 1458 km2

So far reafforestation achievement of mangrove 
land in Thailand is modest compared with the average 
annual rate of deforestation (probably about 50 km2/year, 
since 1961). According to Aksornkoae61 interesting 
mangrove reafforestation attempts are nevertheless 
carried out in Pattani province, mainly with Rhizo-

phora apiculata (approx. 7 km2). No significant man-
grove replanting is reported from the west coast of 
Thailand (Andaman Sea). 

Discussion 

The status of the mangroves of tropical Asia espe-

cially in the countries located around the Bay of Ben-

gal is different from one country to another. In the 

densely populated east coast of India most mangrove 

forests have been degraded for decades and are still 

continuing to be degraded (loss of biomass, species 

composition simplification mainly due to overgrazing 

and fuel wood extraction). In the Sunderbans (West 

Bengal in India and Bangladesh) the silvicultural 

practices conducted for nearly one century and a 

rather rigorous protection have led to artificial man-

grove ecosystems conceived for forestry production 

on sustainable basis. Their acreage remained almost 

constant since a few decades but some abnormalities 

have been recently noticed on their spectral responses. 

Apparently the low reflectance in the near infra-red 

channel (0.79 !m to 0.89 !m) could be related to the 

so called ‘top dying’ which has affected the popula-

tions of Sundri (Heritiera fomes Buch. Ham) since 

1980. To date, no one knows the exact ecological and 

biological mechanisms involved in this dieback nor its 

potential spread out. 

The huge tidal afforestation programme conducted 
by Bangladesh since 1966 concerns mainly the islands 
located in the eastern part of the delta and some 
coastal areas north of Chittagong. The results pro-
vided by a satellite survey3 confirm the success (800 
km2) of this large scale intertidal planting (mainly 
with Sonneratia apetala). It is obvious that some re-
planted areas have disappeared either because the 
islands have been washed away (by cyclones and 
surges) or have been converted to new croplands after 
the consolidation of sediments by mangrove trees. 
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In the poorly surveyed Myanmar for the first time 
the magnitude of large scale coastal deforestation ac-
tivities have been observed. Some rare populations of 
Heritiera fomes, which is the most valuable species, 
could shortly be endangered. 

This study illustrates the approach towards moni-
toring of the evolution of mangrove ecosystems on a 
global scale. A complete satellite coverage is being 
gathered and further analyses are in progress. 
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microglia come from? What signalling path-
way leads to the release of BDNF from
microglia? How does BDNF–TrkB signalling
alter Eanion in lamina I neurons — could it per-
haps lead to reduced synthesis of the KCC2
chloride transporter in the same neurons, or
are TrkB receptors activated on other spinal
cells that then influence lamina I neurons?
Finally, what is the underlying circuitry that
mediates the sensation of neuropathic pain
when the actions of GABA and glycine are 
disrupted in the lamina I pain pathway?

Coull and colleagues’ results provide an
optimistic outlook for the treatment of neuro-
pathic pain, because disrupting BDNF 
signalling was able to reverse established 
allodynia in the rat model. This suggests that
continuous microglial–neuronal signalling is

required to maintain allodynia, and that it may
be possible to treat the condition even after the
neuropathic pain state is established. n
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the Huang He5. The sediment dumped onto
the sea bed of the Indian and western Pacific
oceans over the past tens of millions of years
has created a vast apron, a few kilometres thick
near the mouths of the major rivers, which
gradually thins seawards over distances of 
several thousand kilometres. Scientists are
increasingly piecing together the record of past

climatic and tectonic events sealed in these
deep-sea sediments. On the one hand, mea-
surements of the volumes of these deposits
allow variations in the erosion rates of the
Asian mountain belts over time to be estim-
ated. On the other, distinctive chemical finger-
prints in the sediment permit an evaluation of
where the sediment came from in the first
place. A combination of the two methods
yields a picture of a highly dynamic hinterland
in terms of tectonics, evolving topography and
river discharge. 

Clift and Blusztajn1 reconstruct the dis-
charge of particulate sediment of the ancient
Indus River over the past 30 million years
using data obtained from seismic surveys of
the sediment on the floor of the Arabian Sea.
During this time, the collision of India with
Eurasia has formed the mountains of the
Himalaya, a bountiful source of sediment 
for the rivers draining into the ocean. The
chemical fingerprint of the sediments of 
the Indus fan is the rare-earth element
neodymium6. This is expressed as eNd, which is
related to the ratio 143Nd/144Nd compared with
a standard for the Earth, and is sensitive to the
type of source rocks.

The currently low values of eNd in modern
Indus River sands appear to be part of a trend
that started after five million years ago. Strongly
negative eNd values, typical of the sediments of
the Bengal fan, are thought to be supplied by
sources in the Himalayan mountain ranges
marking the frontal zone of crumpling between
India and Asia. More positive eNd values are
associated with source areas located behind 
the Himalaya, particularly in the Karakoram
Range of northeast Pakistan, which is drained
by the headwaters of the Indus. So Clift and
Blusztajn make the intriguing connection that

EARTH SCIENCE

Volte-face in the Punjab
Philip A. Allen

Rivers are the great conveyor belts that carry sediment from mountains 

to the sea. In the Punjab — the Land of Five Rivers — a wholesale shift

occurred in the past that re-routed sediment to different oceans. 

Rivers don’t come much bigger than the Ganges
and the Indus, both of which drain the mighty
Himalaya. However, as Clift and Blusztajn1

show in this issue (page 1001), size does not
mean permanence. Around five million years
ago, the rivers of the Punjab evidently shifted
from flowing into the Ganges system and the
Bay of Bengal to flowing via the Indus system
into the Arabian Sea. This major diversion of
continental drainage has been deciphered from
the isotopic signature of minerals collected
from the Indus fan, a vast undersea cone of 
sediment stretching for more than 1,000 kilo-
metres from the mouth of the Indus River.

It is well known that rivers shift their
courses — switching of the position of the
main channel within a river valley is histori-
cally well documented, and typically takes
place at intervals of decades to thousands of
years. Many of the lowland tracts of the world’s
major rivers, which flow through some of the
most densely populated parts of the Earth’s
surface, and which were the sites of long-since-
disappeared civilizations, contain a remark-
able record of such switches. The Po of
northern Italy and the Huang He (Yellow
River) of eastern China are excellent examples.
But what is less well understood is the whole-
sale shifting of river courses at the longer
timescales described by Clift and Blusztajn. 

The total amount of sediment discharged
into the world’s ocean is about 20 billion
tonnes per year2–4, and a high proportion of
this global annual budget comes from the river
systems of southeast Asia, from the Indus to

Figure 1 |Drainage of the Himalaya. The map shows the configuration of rivers as it is today, with the
rivers of the Punjab flowing into the Indus and delivering sediment into the Indus fan in the Arabian
Sea. According to Clift and Blusztajn’s1 analysis of neodymium isotopes in sediments, however, before
about five million years ago the Punjabi rivers instead flowed southeast (see Fig. 1b of the paper1 on
page 1002), delivering sediment into the Ganges and the Bengal fan. The growth of the Salt Range is
one possible contributory factor to this diversion. Others are flexing of the Indian tectonic plate in
response to mountain building and erosion, and the effects of climate change on river discharge.  
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Vertebrates have many developmental
processes in common; but so far, no unifying
mechanism that specifies the dorsal–ventral
(back-to-belly) axis in the vertebrate early
embryo has been found. Egg cells, or oocytes,
are in general roughly spherical and have only
one axis: animal–vegetal, often characterized
by the cell nucleus being in the ‘animal’ por-
tion and away from the ‘vegetal’ yolk-rich pole.
In amphibians and fish, after fertilization cer-
tain protein signals are physically transported
from the vegetal region to the future dorsal
side, contributing to the specification of 
dorsal. By contrast, the mechanisms of axis
formation in mammals are not understood.
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before five million years ago the rivers of the
Punjab flowed eastwards as part of the Ganges
system to feed the Bengal fan (Fig. 1). 

This explanation of the former drainage of
the Land of Five Rivers makes sense in the
light of the sediments deposited at the foot of
the Himalaya, known as the Siwalik Group
sediments. These were deposited by ancient
river systems that cut into the rising Hima-
layan mountains, and indeed it was previously
suggested7,8 that there was a continental-scale
flip-flop of drainage between the Bengal and
Indus sinks. The real value of these new
results1 is therefore not the idea that drainage
diversion can occur on a continental scale, but
that the isotopic data from the deep-sea Indus
fan provide such striking support for that view. 

We are now developing a more dynamic
impression of the way in which sediment is
routed from mountains to the sea. Such rout-
ing is strongly influenced at a relatively local
scale by the emergence of new mountain
ranges in response to continuing continental
convergence. For example, the growth of the
Salt Range of northern Pakistan may have trig-
gered the diversion of the main tributaries of
the ancient Indus to the Arabian Sea. But at the
larger scale there are the subtle changes in
regional floodplain slopes caused by the flex-
ing of the Indian tectonic plate in response to
the growth and erosion of the adjacent moun-
tain belt, whose great mass acts downwards —
like a swimmer on the end of a diving board.
The longitudinal sediment-filled troughs pro-
duced by such flexural downbending9, known
as foreland basins, are particularly prone to
major diversion of river systems flowing along
the axis of the basin. Unlike steep rivers in 
tectonically uplifting mountain areas, which
cut down into bedrock like cheese wires, low-
gradient rivers in foreland basins are easily
deflected. Continental-scale diversion might
also result from the effects of climate change
on river discharge, which may allow one river

to dominate its neighbours and capture their
drainage systems. 

Clearly, investigators attempting to interpret
the sedimentary record of the deep sea must
be careful to disentangle the effects of climate
change, variations in tectonically driven ero-
sion, and continental-scale switches of river
drainage. The use of a range of isotopic signa-
tures in river and deep-sea sediments will help
in this challenging undertaking. n
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On page 1030 of this issue, Gore and col-
leagues1 present evidence from zebrafish that
nodal messenger RNAs, which encode the
dorsal signal protein Nodal, are progressively
localized to the cells that go on to form the
dorsal side. Surprisingly, this dorsal localiza-
tion also occurs if sequence elements from
human nodal mRNA are used instead of the
zebrafish ones, indicating an evolutionarily
conserved mechanism.

The zebrafish version of Nodal is formally
called Ndr1 (for Nodal-related 1) and, like the
Nodal proteins found in all other vertebrates
investigated, it is involved in specifying dorsal
structures and two of the major embryonic 

DEVELOPMENTAL BIOLOGY

A message to the back side
Wolfgang Driever

Vertebrate embryos from fish to mammals seem to use different routes 

to work out which way is up and which side is front. Yet a novel system

involved in defining the dorsal side of fish might be conserved in mammals.

The bacterium Yersinia pestis

(pictured) is notorious as the cause

of bubonic plague. When it is

breathed in, however, it also causes

the rarer but deadlier pneumonic

plague. The pathology of this

disease in humans and animals is

fairly well understood, but much 

less is known about the earliest

stages. Wyndham W. Lathem and

colleagues (Proc. Natl Acad. Sci. USA

102, 17786–17791; 2005) have

developed a mouse model of

pneumonic plague that gives

perspectives on these stages 

as experienced by the host and 

by the bacterium.

The team infected mice with 

Y. pestis through the nose, and the

animals developed a disease that

closely resembled pneumonic

plague in humans. Bacterial

numbers in the animals’ lungs

increased massively in the first 

24 hours after infection. Yet when

the authors studied the levels of

inflammatory molecules normally

produced during an immune

response, there was little 

change during this period. 

So the bacteria must have a potent

anti-inflammatory activity that

allows them to become established

before the host immune system

detects them. After 48 hours, the

levels of inflammatory molecules

escalated, showing that the mouse

immune response does eventually

kick in; but it would seem to be too

little, too late.

And what happens in Y. pestis? 

A microarray analysis showed that

there is a change in the expression

of about 10% of the bacterium’s

genes after it infects its host.

Notably, many of these genes are

associated with virulence, and in

particular with the so-called type III

secretion system. This system was

already known as a potential means

for the bacterium to subvert its

host’s immune system by altering

the types and amounts of

inflammatory molecules. That the

expression of genes for the system

is increased in the mice confirms this

animal model as biologically valid.

Moreover, a comparison with in vitro

studies showed that the regulation

of this system is more complex 

in vivo — suggesting that the model

will provide greater insight into this

devastating infection. Helen Dell
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Reorganization of the western Himalayan river
system after five million years ago
Peter D. Clift1 & Jerzy Blusztajn2

Uplift of mountains driven by tectonic forces can influence
regional climate1,2 as well as regional drainage patterns, which
in turn control the discharge of eroded sediment to the ocean3,4.
But the nature of the interactions between tectonic forces, climate
and drainage evolution remains contested5–7. Here we reconstruct
the erosional discharge from the Indus river over the past 30
million years using seismic reflection data obtained from drill core
samples from the Arabian Sea and neodymium isotope data. We
find that the source of the Indus sediments was dominated by
erosion within and north of the Indus suture zone until five
million years ago; after that, the river began to receive more
erosional products from Himalayan sources. We propose that
this change in the erosional pattern is caused by a rerouting of
the major rivers of the Punjab into the Indus, which flowed east
into the Ganges river before that time. Seismic reflection profiles
from the Indus fan suggest high mass accumulation rates during
the Pleistocene epoch partly driven by increased drainage to the
Indus river after five million years ago and partly by faster erosion
linked to a stronger monsoon over the past four million years1.
Our isotope stratigraphy for the Indus fan provides strong
evidence for a significant change in the geometry of western
Himalayan river systems in the recent geologic past.
Tectonic forces in continental collision zones are widely recognized

to drive rock and surface uplift that in turn affects climate locally, and
even globally1,8. Changing topography and climate also affects
regional drainage patterns, which in turn control the discharge of
eroded sediment to the ocean. Thus, mountain uplift and associated
orographic rainfall might be expected to accelerate continental
erosion and increase mass accumulation rates on continental
margins. However, in practice the sediment discharge to the ocean
may also be controlled by the loss or gain of drainage to the main
river course. South and East Asia are the global type areas for studies
of how tectonic forces have influenced climate and drainage evolu-
tion. In East Asia, Clark et al.

3 analysed drainage patterns in eastern
Tibet and suggested that the Red River had originally been the
ancestral river of East Asia, suffering progressive loss of drainage to
neighbouring systems, caused by the long-term change in regional
topography. Unfortunately, the timing of capture events cannot be
reconstructed from the terrestrial evidence alone.
Marine sediments can provide temporal control to drainage

development models through the biostratigraphy that defines their
depositional age. Capture events must affect the composition and
rate of delivery of sediment to the ocean. In this study, we chose to
study drainage evolution in the Indus river because the exhumation
history of the source mountains is relatively well constrained9 and
the palaeoceanography and palaeoclimatology of the Arabian Sea
itself has been documented back to ,14Myr ago, allowing ready
comparison with the sediment record of erosion10,11.
We reconstructed the long-term erosional discharge from the

Indus river using new and previously published seismic reflection
data (Supplementary Fig. 1) to estimate accumulation rates of clastic
material as a proxy for continental erosion rates. Although some
sediment is preserved onshore, around two-thirds of the total volume
is preserved offshore12. Although the profiles used to generate this
budget only extend ,400 km from the coast they provide represen-
tative coverage of the sub-seafloor structure over the thickest parts of
the fan. They are dated by ties to industrial well Indus Marine A-1
(ref. 13). The budget calculation process is described in the Sup-
plementaryMethods. In addition, we studied sediment samples from
a series of scientific and industrial boreholes across the Arabian Sea to
characterize the changing composition of Indus discharge during
mountain uplift (Fig. 1). Because no single borehole penetrates the
entire sequence we used a series of wells to construct a composite
section (Supplementary Table 1). The provenance of the sediment
was constrained through Nd isotope analysis of bulk samples. This
method is based on the age and compositional differences between
rocks across the India–Asia collision zone14–17.
The Nd isotope data show a coherent temporal development, with

1Nd values
18 rising gradually from around211 at 30Myr ago to29.5

at 5Myr ago (Fig. 2), implying a relatively stable provenance. This is
surprising given the major tectonic events that occurred in the
Himalayas during that interval, not least the exhumation of the
Greater Himalayas, probably during the Early Miocene19. 1Nd values
of 210 to 211 are consistent with a relatively stable sediment
provenance dominated by erosion from the Karakoram12,14, and
contrasting with the more negative (that is, Himalayan) values of
the Bengal fan20. Erosion from the Greater Himalayas is calculated to
comprise ,25% of the total Indus discharge for 1Nd values of 210.
However, these values are less negative than those measured from
sands in themodern delta (1Nd around215)14. Our new results show
that the low modern 1Nd values represent a trend to more negative
values that started after 5Myr ago, reaching very low values no later
than the Late Pleistocene (,300 kyr ago). This shift can only be
achieved by greatly increasing the input from Himalayan sources at
the relative expense of the Karakoram or arc rocks of the Indus suture
zone. Although the difference between the modern river and the
Pleistocene may partially reflect damming of the Indus river in the
past 30 years, this first-order shift from the Oligo-Miocene values
must be a response to natural processes.
The bulk of the Himalayan material now contributing to the Indus

river is delivered by the four large rivers of the Punjab (the Sutlej,
Ravi, Chennab and Jellum rivers; Fig. 1). Although erosion of the
Nanga Parbat massif contributes material of very negative 1Nd values
(222 to 230)21, the Indus river immediately downstream of Nanga
Parbat has an 1Nd value of around211, which is far short of the215
seen at the delta, or even in the Pleistocene fan sediments12,14. The
only way to shift the net Indus sediment budget from the pre-5-Myr
levels to those seen today is by an increase in the relative discharge
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from the Himalayas. This implies that input from the Punjabi rivers
before 5Myr must have been largely non-existent.
This seems odd, because reconstruction of the exhumation

histories for the western Greater Himalayas shows that these moun-
tains were in existence before 20Myr ago9,21 and foreland sediments
demonstrate that these ranges were being rapidly eroded during the
Early toMid-Miocene22,23. Nonetheless, this erosion does not seem to
be communicated to the Arabian Sea until after 5Myr ago. We
suggest that the simplest explanation for this pattern is that the
ancestral Punjabi rivers were connected to the Ganges and not the
Indus drainage. Support for this model comes from the palaeo-
currentmeasurements of Burbank et al.23, who showed eastward flow
in the foreland basin of northeast Pakistan, in the region now
occupied by the Punjabi tributaries, during much of the Miocene.
The dramatic switch in isotopic character after 5Myr ago must be

driven by capture of these Punjabi tributaries to the Indus river. Why
this capture occurred is not certain. This period was one of tectonic
rejuvenation of the Main Central Thrust24,25, which would be
predicted to have increased the erosional contribution into the
basin. In addition, early Pliocene uplift of the Salt range26 may
have been crucial in diverting rivers from their original southeast-
ward flow into the Indus system. Alternatively, drainage capture may
have occurred by a simple northeastward advance of tributaries of the
Indus that short-circuited the older drainage pattern into the Ganges
to provide a more direct route to the ocean.
The effect of the proposed capture on sediment accumulation rates

can be seen in Fig. 2. Unfortunately the low resolution of the
provenance and erosion histories makes a convincing link between
the two impossible to establish at present. However, there is a clear
increase in sedimentation rates from Pliocene to Pleistocene as the
provenance was changing, consistent with drainage capture into the
Indus system. Nd isotope character starts to change by 3.6Myr ago
when sedimentation rates were still low. However, the shift in isotope
value is small, suggesting limited capture. The greatest change in
provenance correlates at the first-order level with the increase in
accumulation rates during the Pleistocene. However, increases in
marine sedimentation rate are known from throughout Asia during
the Pleistocene27. Average sedimentation rates approximately
doubled between the Pliocene and the Pleistocene in the Indus
Fan, but how much of this increase reflects drainage capture is
unclear.

The Nd isotope data allow us to generate a rough estimate of how
much extra Himalayan discharge would be required to produce a
shift in average 1Nd values from210 to213, assuming the discharge
from the upper reaches of the Indus remained constant over the past
5Myr. If the pre-capture Indus comprised ,25% Himalayan
material (with an average 1Nd value of 217 compared to 211 for
the Karakoram and þ8 for Kohistan14) to produce an average 1Nd

value of210, then the post-5-Myr-ago shift to values of213 would
require the proportion of Himalayan material to rise to,70% of the
total, approximately a threefold increase. Total sediment discharge
would thus increase by around 45%. However, because mean

Figure 1 | Topographic maps showing post- and pre-capture Indus

drainage, together with locations of drill and seismic data. a, Shaded relief
map of the Arabian Sea and surrounding land masses, showing the location

of the drill sites and seismic profiles considered in this study. Major
tributaries of the Indus river are shown. b, Proposed drainage geometry in
the Indus river drainage before ,5Myr ago.

Figure 2 | The evolving Nd isotope composition and sedimentation rates on

the Indus fan in relation to climatic and tectonic events known from

onshore in Asia. MCT, Main Central Thrust. U., Upper; L., Lower; M.,
Middle; Qua, Quaternary.
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accumulation rates approximately doubled after 5Myr ago it follows
that an additional volume of sediment, similar in size to that
contributed from the Punjabi tributaries, must have been supplied
to the Indus as a result of enhanced erosion throughout the
catchment.
This study presents evidence for the nature and timing of a major

drainage capture event in the western Himalayas. Faster sediment
accumulation in the Pleistocene after a low in the Pliocene is
estimated partly to reflect capture to the Indus after 5Myr ago, but
also seems to require faster erosion, probably driven by a stronger,
wetter summer monsoon after 4Myr ago1. We note that fast erosion
is not unique to the cyclical glacial–interglacial climate of the Plio-
Pleistocene7, but must be controlled by other factors, at least during
in the middle Miocene. Although the exact timing of drainage
capture has yet to be established, the new isotope stratigraphy for
the Indus fan provides strong evidence for a major change in the
geometry of western Himalayan river systems in the relatively recent
geologic past, probably caused by compressional deformation in the
mountains. This study highlights the need to account for such
capture events when trying to interpret marine erosional records,
where changes in sediment composition and accumulation rates
need not be directly linked to either source uplift or climate change,
but simply to drainage reorganization.
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CHAPTER 4 
PROTECTION FROM COASTAL EROSION 

Thematic paper: The role of coastal forests and trees in
protecting against coastal erosion

Gegar Prasetya 

1 Introduction 

Shoreline changes induced by erosion and accretion are natural processes that take place over a 
range of time scales. They may occur in response to smaller-scale (short-term) events, such as 
storms, regular wave action, tides and winds, or in response to large-scale (long-term) events such 
as glaciation or orogenic cycles that may significantly alter sea levels (rise/fall) and tectonic 
activities that cause coastal land subsidence or emergence. Hence, most coastlines are naturally 
dynamic, and cycles of erosion are often an important feature of their ecological character. Wind, 
waves and currents are natural forces that easily move the unconsolidated sand and soils in the 
coastal area, resulting in rapid changes in the position of the shoreline.

Excluding the impact of human activity, these processes are simply natural evolutionary 
phenonema. Human activities along the coast (land reclamation, port development, shrimp 
farming), within river catchments and watersheds (river damming and diversion) and offshore 
(dredging, sand mining) in combination with these natural forces often exacerbate coastal erosion 
in many places and jeopardize opportunities for coasts to fulfill their socio-economic and 
ecological roles in the long term at a reasonable societal cost. 

Development within coastal areas has increased interest in erosion problems; it has led to major 
efforts to manage coastal erosion problems and to restore coastal capacity to accommodate short-
and long-term changes induced by human activities, extreme events and sea level rise. The erosion 
problem becomes worse whenever the countermeasures (i.e. hard or soft structural options) applied 
are inappropriate, improperly designed, built, or maintained and if the effects on adjacent shores 
are not carefully evaluated. Often erosion is addressed locally at specific places or at regional or 
jurisdictional boundaries instead of at system boundaries that reflect natural processes. This 
anomaly is mostly attributable to insufficient knowledge of coastal processes and the protective 
function of coastal systems.  

The costs of installing hard structures for coastal protection are very high; strong negative public 
reaction to rock emplacements along the coast often aggravate the problem (Bray et al., 1995; 
Black, 1999; Clark, 1995; van der Weide, 2001). This has led to uncertainty among managers and 
local government authorities on how to treat shoreline erosion. It has become an issue for serious 
debate for politicians, coastal managers, land- and property owners, lawyers, bankers, insurers and 
fisherfolk, especially in areas of intensive use and rapidly rising coastal land value. Many of these 
stakeholders are resorting to planned retreat where houses or hotels are simply removed and the 
coast is left to erode. However, planned retreat can be expensive, unnecessary and sometimes 
impossible, especially in highly modified environments. 

Increased interest in soft structures for coastal protection (including increased forest cover) and a 
combination of hard and soft structures is predominating and is consonant with advanced 
knowledge on coastal processes and natural protective functions. There is evidence that coastal 
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forests and trees provide some coastal protection and that the clearing of coastal forests and trees 
has increased the vulnerability of coasts to erosion (Figure 4.1) — such as in Viet Nam (Mazda et

al., 1997; Cat et al., 2006), Malaysia (Othman, 1994), Indonesia (Bird and Ongkosongo, 1980; 
Nurkin, 1994; Tjardana, 1995), Sri Lanka (Samarayanke, 2003), India (Malini and Rao, 2004; 
Gopinath and Seralathan, 2005) China (Bilan, 1993) and Thailand (Thampanya et al., 2006). This 
paper will elaborate on and discuss the causes of coastal erosion induced by human activities; 
erosion management options; and the role of coastal forests and trees in protecting coastal areas 
against coastal erosion, as well as their socio-economic and environmental considerations. 

Figure 4.1 Coastal erosion sites reported in Asian and Indian Ocean countries; the 
inset indicates how clearing of coastal forest such as mangroves has increased  

the vulnerability of coasts to erosion (base map source from ITDB, 2004) 

2 Coastal erosion: Extent and causes 

Coastal erosion and accretion are natural processes; however, they have become anomalous and 
widespread in the coastal zone of Asia and other countries in the Indian Ocean owing to 
combinations of various natural forces, population growth and unmanaged economic development 
along the coast, within river catchments and offshore. This type of erosion has been reported in 
China, Japan, India, Indonesia, Viet Nam, Sri Lanka, Thailand, Bangladesh and Malaysia.  

2.1 The extent of the coastal erosion problem in Asia 

Bilan (1993) reported that the erosion rate in the northern part of Jiangsu Province in China is 
serious and as high as 85 metres/year; in Hangzhou Bay the rate is 40 metres/year, while in Tianjin 
it is 16–56 metres/year. Erosion persists even where preventive measures such as sea dykes are 
constructed. Beach scour has been found along coasts with sea-dyke protection. This erosion is 
attributable to many factors such as river damming and diversion, that leads to less sediment 
supply to the coast, and the clearing of mangrove forests, which makes coastal areas more 
susceptible to the hazard. Juxtaposing these phenomena, the intensification of typhoons and storm 
surges during the 42-year period between 1949 and 1990 has meant that storm surges with 
increasing tidal levels exceeding one and two metres have occurred 260 and 48 times respectively, 
thus exacerbating the erosion problem. Most of the sediment taken offshore by the storm waves has 
been returned in minimal quantities to the coast during normal conditions owing to the frequent 
storm intensity.  

According to Othman (1994), nearly 30 percent of the Malaysian coastline is undergoing erosion. 
Many of these areas are coastal mudflats, fringed by mangroves. Behind the mangroves there are 
usually agricultural fields protected from tidal inundation by bunds (dykes). Locally, mangroves 
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are known to reduce wave energy as waves travel through them; thus, the Department of Irrigation 
and Drainage has ruled that at least 200 metres of mangrove belts must be kept between the bunds 
and the sea to protect the bunds from eroding. However, the mangroves themselves are susceptible 
to erosion when the soil under their root systems is undermined by wave action that mostly occurs 
during periods of lower water level or low tide. The value of intact mangrove swamps for storm 
protection and flood control alone in Malaysia is approximately US$300 000/kilometre 
(http://ramsar.org). 

In Viet Nam, most of the coastline in the south that is located in a wide and flat alluvial fan and 
bordered by tidal rivers fringed by wide mangrove swamps, has been eroded continuously at a rate 
of  approximately 50 metres/year since the early twentieth century (Mazda et al., 1997; Cat et al.,
2006). This massive erosion — mostly due to wave and current action — and vanishing mangrove 
vegetation is attributable to the long-term impacts of human activities since the late nineteenth 
century and also human-induced change within watersheds (dam construction that has reduced the 
sediment supply to the shore). Erosion still occurs in the central coastal zone of Viet Nam and 
preventive measures such as sea dykes, revetments, and tree plantations have been implemented in 
many coastal areas; however, in the southern coastal zone, mangrove plantations have mitigated 
wave action and prevented further erosion (Cat et al., 2006).  

The rapid erosion of the coast of Sagar Island in West Bengal, India, is caused by several processes 
that act in concert; these are natural processes that occur frequently (cyclones, waves and tides that 
can reach six metres in height) and anthropogenic activities such as human settlement and 
aquaculture that remove mangroves and other coastal vegetation. The erosion rate from 1996 to 
1999 was calculated to be 5.47 square kilometres/year (Gopinath and Seralathan, 2005). The areas 
that are severely affected by erosion are the northeastern, southwestern and southeastern faces of 
the island. Malini and Rao (2004) reported coastal erosion and habitat loss along the Godavari 
Delta front owing to the combination of the dam construction across the Godavari and its 
tributaries that diminishes sediment supply to the coast and continued coastal land subsidence. 

Sri Lanka’s experience with coastal erosion dates back to 1920 (Swan, 1974; 1984). It has become 
more serious because mangroves are being eradicated by encroachment (human settlement), 
fuelwood cutting and the clearing of coastal areas for intensive shrimp culture. Mangrove forest 
cover was estimated to be approximately 12 000 hectares in 1986; this dwindled to 8 687 hectares 
in 1993 and was estimated to be only 6 000 hectares in 2000 (Samrayangke, 2003). Approximately 
US$30 million has already been spent on breakwaters and other construction to combat coastal 
erosion on southern and western coasts (UNEP, 2006); however, coastal erosion still persists in 
some coastal areas.  

In Indonesia, coastal erosion started in the northern coast of Java Island in the 1970s when most of 
the mangrove forest had been converted to shrimp ponds and other aquaculture activities, and the 
area was also subjected to unmanaged coastal development, diversion of upland freshwater and 
river damming. Coastal erosion is prevalent throughout many provinces (Bird and Ongkosongo, 
1980; Syamsudin et al., 2000; Tjardana, 1995) such as Lampung, Northeast Sumatra, Kalimantan, 
West Sumatra (Padang), Nusa Tenggara, Papua, South Sulawesi (Nurkin, 1994) and Bali (Prasetya 
and Black, 2003). US$79.667 million was provided by the Indonesian Government to combat 
coastal erosion from 1996 to 2004, but only for Bali Island in order to protect this valuable coastal 
tourism base (Indonesia water resource donor database:http://donorair.bappenas.go.id). A 
combination of hard structures and engineering approaches (breakwaters/jetties/revetments) of 
different shapes that fused functional design and aesthetic values, and soft structures and 
engineering approaches (beach nourishment) was used. They succeeded in stopping coastal erosion 
on Sanur, Nusa Dua and Tanjong Benoa beaches, but were neither cost effective nor efficient, 
because during low tide all of the coastal area was exposed up to 300 metres offshore; thus, these 
huge structures were revealed and became eyesores. 
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In Thailand, intensification of coastal erosion came to notice during the past decade (Thampanya et

al., 2006). Overall, the net erosion is approximately 1.3 to 1.7 metres/year along the southern 
Thailand coastline. Total area losses amount to 0.91 square kilometres/year for the Gulf coast and 
0.25 square kilometres/year for the western coast. Most of the eroded areas increase with larger 
areas of shrimp farms, less mangrove forest area, and when dams reduce riverine inputs and coastal 
land subsidence transpires. In areas where erosion has prevailed, the presence of mangroves has 
reduced erosion rates. Mangroves dominating coastal locations exhibit less erosion than areas with 
non-vegetated land or former mangrove areas. 

Such examples indicate that there is a strong relation between major coastal erosion problems 
throughout the region and degradation of the protective function of coastal systems such as coastal 
forest and trees – particularly mangrove forest. Artificial and natural agents that induce mangrove 
loss and make coastal areas more susceptible to coastal erosion include anthropogenic factors such 
as excessive logging, direct land reclamation for agriculture, aquaculture, salt ponds, urban 
development and settlement, and to a lesser extent fires, storms, hurricanes, tidal waves and 
erosion cycles owing to changing sea levels (Kovacs, 2000). More scientific investigation and 
quantification of the physical processes and dynamic interaction of the system is needed to 
understand how and under what circumstances mangrove forests and other coastal vegetation 
effectively protect the shoreline from erosion. A number of efforts have focused on field 
observations, laboratory and numerical model experiments and theoretical analysis (Wolanski 
1992; Mazda et al., 1997; Massel et al., 1999).  

Plate 4.1 Different types of coastal protection structures in Tanjong Benoa and 
Sanur Bali for protecting the valuable tourism base. Clockwise: Satellite images of 
the offshore breakwater and artificial headland, groynes and beach nourishment 

(Google maps); headland and beach nourishment with coconuts; loc cit waru trees; 
revetment protection using limestone in combination with waru trees

(note the dangerous placing of the boats) 
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2.2 The causes of coastal erosion 

Coastal erosion and accretion are complex processes that need to be investigated from the angles of 
sediment motion under wind, wave and tidal current action; beach dynamics within a 
sediment/littoral cell; and human activities along the coast, within river catchments and watersheds 
and offshore, both at spatial and temporal scales. In terms of temporal scales, the issue of sea-level 
rise is complex and produces a range of environmental problems. As the sea level rises, the water 
depth increases and the wave base becomes deeper; waves reaching the coast have more energy 
and therefore can erode and transport greater quantities of sediment. Thus, the coast starts to adjust 
to the new sea level to maintain a dynamic equilibrium. Figure 4.2 lists the processes of coastal 
erosion and accretion, as well as natural factors and human activities. 

Figure 4.2 The complex processes of coastal erosion and accretion 

The key physical parameters that need to be understood to identify coastal erosion as a problem in 
the coastal zone are: 

 Coastal geomorphology: Coastline type and sensitivity to coastal processes.  

 Wind: The main force in wave generation; under the right environmental conditions, wind 
may transfer sediment from the beach environment landward on all open coastlines. 

 Waves: They are the most important forces for sediment erosion and transport to the coastal 
zone. They introduce energy to the coast and also a series of currents that move sediment 
along the shore (longshore drift) and normal to the shore (cross-shore transport). It is 
important to understand the movement of wave forms as well as water particles and their 
interaction with seabed material; also how the waves determine whether the coasts are 
erosive or accretional.  

 Tides: They are influential in beach morphodynamics. They modulate wave action, 
controlling energy arriving on the coast and drive groundwater fluctuation and tidal currents. 
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The interaction of groundwater with tides in the coastal forest environment is crucial in 
understanding why coastal forest clearance causes intensive coastal erosion in particular 
environments. 

 Vegetation: Important for improving slope stability, consolidating sediments and providing 
some shoreline protection. 

Equally significant human activities that must be considered over the range of spatial and time 
scales are: 

 Activities along the coast: Building houses via land reclamation or within sand dune areas 
and port/harbour development has a long-term impact on shoreline change; protective 
seawalls lead to erosion at the end of the structures, generate beach scouring at the toe of 
seawall and shorten the beach face. This can occur in the short term (less than five years) or 
the long term (more than five years). Other structures such as groynes and jetties typically 
cause erosion down-drift of the structure within a short period of time (between five and ten 
years). Removal of dune vegetation and mangroves will expose low energy shorelines to 
increased energy and reduced sediment stability, causing erosion within five to ten years 

 Activities within river catchments/watersheds: Dam construction and river diversion cause 
reduction of sediment supply to the coast that contributes to coastal erosion. The effects of 
dam and river diversion in terms of coastal erosion are not straightforward, but there are mid-
to long-term impacts (20 to 100 years) with spatial scales approximately from one to 100 
kilometres. 

 Onshore and offshore activities: Sand and coral mining and dredging may affect coastal 
processes in various ways such as contributing to sediment deficit in the coastal system and 
modifying water depth that leads to altered wave refraction and longshore drift. The impact 
of these activities will be obvious within a short period of time (one to ten years). 

Understanding the key processes of coastal dynamics and how the coasts function both in spatial 
and temporal time scales (short and long term), as well as human activities along the coast, within 
the river watershed and offshore is essential for managing coastal erosion because it may occur 
without reason. A quantitative understanding of changes in spatial and short- and long-term time 
scales is indispensable for the establishment of rational policies to regulate development in the 
coastal zone (NRC, 1990). Table 4.1 summarizes possible natural factors and human activities that 
affect shoreline change over a range of time scales, leading to coastal erosion.  
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Table 4.1 Possible natural factors and human activities that affect shoreline change 

 

3 The coastal type and protective function of the coastal system  

Coastlines comprise the natural boundary zone between the land and the ocean. Their natural 
features depend on the type of rocks exposed along the coastline, the action of natural processes 
and the work of vegetation and animals. The intensity of natural processes formed their origin — 
either as erosional or depositional features. The geological composition of a coastal region 
determines the stability of the soil, as well as the degree of rocky materials and their breakdown 
and removal.  

3.1 Coastal types 

3.1.1 Cliff coast 

Cliff coast can be classified as “hard” coast as it was formed from resistant materials such as 
sedimentary or volcanic rocks. This type of coast typically has a short shore platform that is 
usually exposed during low tide. Natural erosion is attributable to slope instability, weathering and 
wave action and leads to regression of the shoreline. As illustrated in Figure 4.3, extreme wave 
conditions such as storm waves and tsunamis will have a less erosive effect on this type of coast; 
traces of tsunami wave height can be found on cliffs as a trim line where trees or shrubs on the cliff 
had been erased.  
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Figure 4.3 Cliff coast (modified from ARC [2000] and French [2001]) 

3.1.2 Clayey bank coast 

This type of coast can be classified as a “semi-hard” coast, consisting of cohesive soils; it is 
common on estuarine coastlines and often has nearly vertical banks ranging from one to five 
metres in height. The rate of erosion is relatively high compared to the hard coast because it is 
composed of weaker and less resistant material. Erosion is mostly due to coastal processes, 
weathering and loss of vegetation cover (ARC, 2000). For extreme events such storms and 
tsunami, as illustrated in Figure 4.4, vegetation cover plays a significant role in protecting the coast 
from flooding and inundation by reducing wave height and energy and decelerating tsunami flow 
speed; hence, erosive forces and inundation distance are decreased. 

Figure 4.4 Clayey bank type coast (modified from ARC [2000] and French [2001]) 
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3.1.3 Intertidal/muddy coast 

This type of coast is characterized by fine-grained sedimentary deposits, predominantly silt and 
clay that come from rivers; it can be classified as a “soft” coast. It has a broad gentle seaward 
slope, known as an intertidal mud flat where mangrove forest, saltmarshes, shrubs and other trees 
are found. Most erosion is generated by river damming that reduces sediment supply, diminishes 
vegetation cover (usually mangroves and saltmarshes) and exposes vegetation roots by lowering 
the mud flat (Figure 4.5) that leads to their final collapse. During storms, healthy and dense 
vegetation/coastal forest and trees can serve as barriers and reduce storm wave height, as well as 
affording some protection to the area behind them. In the case of a tsunami, coastal forest and trees 
can decrease wave height and tsunami flow speed to some extent if the forest is dense and wide 
enough. Both extreme events can cause severe erosion and scouring on the coast and at the river 
mouth.  

Figure 4.5 Intertidal/muddy coast (modified from ARC [2000] and French [2001]) 

3.1.4 Sand dune coast

This type of coast consists of unconsolidated material, mainly sand, some pebbles and shells; it can 
be classified as a soft coast. It has a gentle seaward slope — known as dissipative beaches that 
have broad fine sand and gradually steep slopes at the backshore/foredunes. Its profile depends on 
wave form and energy and wind direction; hence, profiles can be adjusted to provide the most 
efficient means of dissipating incoming wave energy. This type of coast experiences short-term 
fluctuation or cyclic erosion — accretion and long-term assessment is needed to identify erosion as 
a problem here. Often accretion and dune rebuilding take much longer than erosional events and 
the beach has insufficient time to rebuild before the next erosive event occurs. Erosional features 
are a lowered beach face slope and the absence of a nearshore bar, berm and erosional scarps along 
the foredune. Generally, erosion is a problem when the sand dunes completely lose their vegetation 
cover that traps wind-borne sediment during rebuilding, improves slope stability and consolidates 
the sand. During extreme events such as storms and tsunamis (Figure 4.6), this type of coast can 
act as a barrier for the area behind the dunes. Sand dunes and their vegetation cover are the best 
natural protective measures against coastal flooding and tsunami inundation. 
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Figure 4.6 Sand dune coast (modified from ARC [2000] and French [2001]) 

3.1.5 Sandy coast 

This type of coast consists of unconsolidated material — mainly sand from rivers and eroded 
headlands, broken coral branches (coralline sand) and shells from the fringing reefs. It can be 
classified as a soft coast with reef protection offshore. The beach slope varies from gentle to steep 
slopes depending on the intensity of natural forces (mainly waves) acting on them. Coconut trees, 
waru (Hibiscus tiliaceus), Casuarina catappa, pandanus, pine trees and other beach woodland 
trees are common here. Most erosion is caused by loss of (1) the protective function of the coastal 
habitat, especially coral reefs (where they are found) that protect the coast from wave action; and 
(2) coastal trees that protect the coast from strong winds. During extreme events (Figure 4.7), 
healthy coral reefs and trees protect coasts to some extent by reducing wave height and energy as 
well as severe coastal erosion. 

Figure 4.7 Sandy coast (modified from ARC [2000] and French [2001]) 
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3.2 The protective function of coastal systems 

Coastal areas with natural protective features can reestablish themselves after natural traumas or 
long-term changes such as sea-level rise. The protective features of the coastal system vary (Figure 
4.8). The role of coral reefs in coastal protection has been studied for some time and recent efforts 
have focused on the role of coastal vegetation, especially mangrove forest and saltmarshes in this 
context.

Figure 4.8 The natural protective features of coastal systems 

3.3 Scientific findings on the protective functions of coastal forests and trees 

Scientific investigations on how coastal vegetation provides a measure of shoreline protection have 
been conducted (Sale, 1985; Kobayashi et al., 1993; Mazda et al., 1997; Massel et al., 1999; 
French, 2001; Blasco et al., 1994; Moller et al. 1999; Wu et al. 2001; Baas 2002; Jarvela 2002; 
Mendez and Losada 2004; Lee, 2005; Dean and Bender, 2006; Daidu et al., 2006; Moller, 2006; 
Turker et al., 2006). These field, laboratory and numerical studies show that mangrove forest and 
other coastal vegetation of certain density can reduce wave height considerably and protect the 
coast from erosion, as well as effectively prevent coastal sand dune movement during strong 
winds. Healthy coastal forests such as mangroves and saltmarshes can serve as a coastal defence 
system where they grow in equilibrium with erosion and accretion processes generated by waves, 
winds and other natural actions.  

3.4 Field studies 

The coastal areas around the Bay of Bengal are vulnerable to strong winds, storm surges, tectonic 
movement, oversedimentation, rapid coastal erosion, fluctuating water and soil salinity and long 
periods of constant flooding. Based on their scientific investigations in the Bay of Bengal, Blasco 
et al. (1994) reported that the mangrove areas in India and Bangladesh, especially at the mouth of 
the Ganges (known as the Sunderbans — the largest natural mangrove area of the region found in 
one block) were able to heal cyclonic wounds and maintain the extent of their total area through 
natural succession without human interference. Mangroves in these regions have withstood highly 
adverse environmental conditions such as muddy soils with high salt and water content, destructive 
tidal effects and strong winds over the flat areas where they have grown in geological terms since 
the Tertiary (lower Miocene) Period. Via their root systems, mangroves can stabilize the substrate 
where they occur. According to studies, most erosion is caused by diversion of river flow to coastal 
areas and mangrove regression due to human activities that convert them for agriculture or 
aquaculture purposes.

Fan et al. (2006) analysed cross-shore variations in the morphodynamic processes of an open coast 
mudflat in Changjiang Delta, where waves play a dominant role in shaping the tidal-flat profile 
during typhoons. Each year, roughly seven out of 16 typhoons directly strike China’s coast with a 
95 percent probability of hitting southwards and the coast of the Chanjiang Delta; they generate 
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waves up to 6.2 metres in height. One-third of the mudflat is colonized by Spartina alterniflora,
followed by scirpus (Scirpus mariquete and Scirpus triquiter), and then gradually transits into a 
less-vegetated pioneer zone behind the bar mudflat. The boundary between the mature marsh and 
the pioneer marsh is located near the mean neap high water mark and single Scirpus stems can 
survive near the neap lower water elevation. The site-specific erosion rate is related to the local 
water depth, sediment properties, vegetation and exposure time per semi-diurnal tidal cycle. The 
area below mean sea level (MSL) at the intertidal mudflat is characterized by dynamic changes in 
erosion and accretion phases; meanwhile, the higher section is dominated by continuous accretion 
due to the abundant sediment supply. The area where the Spartina-dominated marshes are found 
has continuous accretion without significant erosion owing to the protection afforded by high and 
dense vegetation. 

Moller et al. (1999) studied wave transformation over saltmarshes through field and numerical 
modelling studies. There is quantitative evidence of the effectiveness of a meso- to macrotidal 
open coast saltmarsh in attenuating incoming waves over a range of tidal and meteorological 
conditions. Field measurements indicated that wave energy dissipation rates over the saltmarshes 
were significantly higher (an average of 82 percent) than over the sand flat (an average of 29 
percent); this is due to the saltmarshes having greater surface friction compared to the sand flat. 
Based on the numerical model, the surface friction factors are of the order  0.4. The results of this 
study provide empirical support to maintaining saltmarshes in front of existing coastal defence 
structures and for creating new saltmarshes as part of coastal set-back/shoreline re-alignment 
schemes, as well as reduction of design criteria for flood defence embankments that are fronted by 
saltmarshes. 

Mazda et al. (1997) observed the physical processes in fringe forest in coastal areas of Thuy Hai 
and Thuy Truong in Thai Thuy District, Thai Binh Province, Viet Nam, in a delta of the Gulf of 
Tonkin. This study elaborated the characteristics of water elevation and water flow in these areas 
and demonstrated wave reduction by mangroves in the tidal flat off the coast of Thuy Hai where 
Kandelia candel has been planted for several years. Based on these field studies, the wave and 
current characteristics of propagation through the mangrove forest area are as follows: 

 Tidal elevation rises faster at the early stage of flood tide and falls more slowly at the later 
stage of ebb tide owing to the effects of flow resistance by mangrove vegetation and the 
bottom mud. In comparison with changes in mangrove swamps dominated by Rhizophora

spp. and Bruguiera spp., changes effected by Kandelia candel are considerably smaller 
because Rhizopora spp. and Bruguiera spp. have intricate and large prop roots or numerous 
pneumatophores compared to Kandelia candel. These facts suggest that the effect of the drag 
force on Kandelia candel on long-period waves, such as tidal waves, is weak compared to 
those of Rhizophora spp. and Bruguiera spp. 

 The wave height of the swell increases with increasing tidal level, and decreases with 
increasing proximity to the coast, which suggests wave energy loss caused by bottom friction 
and resistance to flow by the mangrove vegetation. 

 Wave size decreases considerably through denser mangrove areas; therefore, in well-grown 
and healthy mangrove areas, the effects on wave reduction do not decrease with increasing 
water depth, which has important practical implications. 

 According to the research, the effectiveness of mangroves with Kandelia candel of sufficient 
height (three to four years old) in reducing wave height per 100 metres was as high as 20 
percent and increased to 95 percent when the trees were six years old. At this age, one metre 
wave height on the open coast will be reduced to 0.05 metre at the coast compared to 0.75 
metre without mangroves. Vegetation height and density and the width of the area to be 
planted are important factors in reducing wave height and protecting the coast from erosion. 
The effect of wave reduction was considerable even when water depth increased due to the 
high density of vegetation. 

Annex IN-31



115

Mazda et al. (2002) also analysed coastal erosion caused by tidal forces at Loang Hoa, South Viet 
Nam, which is located in a wide, flat alluvial fan and lies between two major tidal rivers – the Mui 
Nai River and the Nga Bay River. Based on field and numerical studies, they found that 
degradation of mangroves along the tidal rivers led to intensification of tidal currents at the mouths 
of the rivers and erosion on the coast. This study reached the same conclusion as a study carried 
out by Wu et al. (2001) for Merbok Estuary, Malaysia. 

Othman (1994) observed that nearly 30 percent of the coastline of Malaysia is undergoing erosion. 
Many of these areas are coastal mudflats, fringed by mangroves. He found that instead of erosion 
due to clearing of the mangrove area for development projects, conditions in the west coast of 
Peninsular Malaysia suggest that mudflats undergo a cycle of accretion and erosion such as found 
in Sungai Burong, Pulau Pinang, where this cycle is about 20 years. Based on his observations in 
Sungai Besar Selangor, a 50-metre-wide belt of Avicennia is sufficient to reduce waves of one 
metre to a height less than 0.3 metre. However, these mangroves are also susceptible to erosion 
generated by the lowering of mudflats in front of the mangroves that leads to waves agitating the 
mud base below the root system and causing trees to collapse. Avicennia is a pioneer species that 
decelerates currents via its root system, and together with its trunk, attenuates wave height. The 
closer the trees are to each other, the greater the wave energy will be reduced. A five-year new 
growth of Avicennia can serve as an efficient wave attenuator. In the studied area behind the 
Avicennia zone, Rhizophora and Bruguiera zones were found, which contribute to reduced wave 
height and velocity. 

3.5 Laboratory model experiments 

Among the different coastal protection techniques and procedures, the protective capacity of 
coastal vegetation has yet to be investigated and analysed in detail (Turker et al., 2006). 
Knowledge on the interaction between vegetation and incident waves creates a better 
understanding of ecological and geomorphological processes in coastal waters, with particular 
respect to coastal defence management by vegetation. Important developments in understanding 
the effects of vegetation on coastal bed morphology and the interaction between waves, sediment 
transport and the vegetated area can be achieved through extensive studies in controlled laboratory 
conditions. The controlled laboratory environment will allow measurement of wave parameters 
that are not easily measurable in natural conditions. Coops et al. (1996) conducted an experimental 
study in a wave tank to assess the interaction between waves, bank erosion and emergent 
vegetation. They used two helophyte species, Phragmites australis (Cav.) Trin. ex Steudel and 
Scirpus lacustris L., and two types of sediment (sand and silty sand) in a wave tank. Their findings 
showed that emergent vegetation influenced the erosive impact of waves by both sediment re-
inforcement and wave attenuation. A smaller amount of net erosion was measured in the wave-
exposed area covered by vegetation than in the area where there was no vegetation. Most of the 
erosion of the soil occurred due to the uprooting of rhizome parts, and in this case it happened to 
Scirpus lacustris but not to Phragmites australis. The greatest wave attenuation was measured in 
fully developed vegetation of both species. 

Struve et al. (2003) combined laboratory experiments (in wave flume) and a two-dimensional (2-
D) numerical model to investigate additional roughness owing to vegetation as an important factor 
for influencing water velocities and levels in a mangrove estuary. The effect of varying stem 
diameter and density was tested and staggered and linear models of tree distribution were also 
analysed. The smallest dowels used in some experiments were fitted with bent extensions similar 
to the stilt roots of Rhizophora. The results of the study showed that the effect of stilt roots was 
similar to stems, despite their different shape, and the change in velocity along the flume was 
related to the surface area of the model trees. A comparison between staggered and linear model 
tree distribution indicated that hydraulics shading had an effect based on the size and interference 
of the wave.
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Turker et al. (2006) examined a changing beach profile under the protection of emergent 
vegetation (Phragmites australis without foliage) through various wave conditions in a laboratory; 
the most important governing parameters of coastal erosion in term of waves and sand properties 
under the protection of emergent vegetation were evaluated and defined. The findings showed that 
emergent vegetation is a relevant element for beach protection that tends to minimize erosion and 
even leads to zero erosion (Turker et al., 2006). The vegetated area absorbs substantial wave 
energy due to friction and drag force; the experimental analysis showed that the amount of erosion 
is directly proportional to wave height and inversely proportional to sediment particles and the 
density of vegetation.

3.6 Numerical model and analytical studies 

Massel et al. (1999) used a theoretical approach to predict the attenuation of wind-induced random 
surface waves in mangrove forest. The geometry of mangrove trunks and their locations were 
taken into account and the interaction between mangrove trunks and roots was introduced through 
the modifications of the drag coefficients. Examples of numerical calculations based on 
observations of wave attenuation through mangrove forest at Townsville, Australia, and Iriomote 
Island, Japan, showed that the resulting rate of wave energy attenuation depends strongly on the 
density of the mangrove forest, the diameter of mangrove roots and trunks, and on the spectral 
characteristic of the incident waves. Computation results for very dense mangrove forest (width 
unfortunately not defined), indicated that waves attenuate very quickly with distance from the 
mangrove front, and in the area behind the mangroves they are negligible. With very low density of 
mangrove forest and the same wave characteristics, wave energy is transmitted relatively easily 
through the mangrove forest; however, approximately 86 percent of the energy is still dissipated by 
the mangroves. The field observations (Figure 4.9) show almost the same results on how the 
mangrove forest can attenuate waves significantly over a relatively short distance. Wave energy is 
reduced by 75 percent in the wave passage through 250 metres of mangroves. 

An interesting result recently revealed by Dean and Bender (2006) in relation to the effects of wave 
damping by vegetation and bottom friction on the static wave set-up during a severe storm is in 
line with studies to establish hazard zones associated with 100-year storm events along the 
shoreline of the United States; it can be used to explain the phenomena investigated by Blasco et 
al. (1994) for the Bay of Bengal area. Based on these studies, using various wave characteristics, 
the effect of vegetation and bed friction on both internal and bottom energy losses, and associated 
forces, resulted in a net wave set-down rather than wave set-up, which decreased wave impact on 
the shoreline behind the vegetated/coastal forest area. 

More research is still needed for other coastal forests and trees such as Pandanus, Casuarina and 
pine, which do not directly interact with waves during normal conditions, but do so during extreme 
events such as major storms and tsunamis. Current knowledge is adequate to derive a general 
guideline on the protective role of the coastal forest in combating coastal erosion. However, it 
should be borne in mind that the effectiveness of each species in protecting the coast from erosion 
is very site-specific.  
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Figure 4.9 Wave attenuation by mangrove forest (Rhizophora sp., Aegiceras sp., 
Ceriops sp.) at Cocoa Creek, Australia is obvious; measurements at sites 2–5 show 

the decline in wave energy transmission through the mangrove forest.  
The incoming wave was measured at site 1 (Massel et al.,1999) 

4 Managing the coastal erosion problem: Options for coastal protection  

Assessing coastal erosion can be done by visual observation and through discussions with 
inhabitants to ascertain its degree and when it started. Common visual indicators to identify erosion 
problems are summarized in Table 4.2. However, determining the causes of coastal erosion and 
which coastal protection options should be used requires a comprehensive study of coastal 
processes that work on a regional scale (not only on sites) through every season. 

Options for combating coastal erosion are traditionally twofold, namely hard structural/engineering 
options and soft structural/engineering options. These solutions have at least two hydraulic 
functions to control waves and littoral sediment transport (Kawata, 1989); in applying the 
solutions, their underlying principles should be well-understood, otherwise they will fail. A 
combination of hard and soft options has become more popular recently for optimum results 
because they have weaknesses when used singlely. Many schemes have failed and resulted in 
environmental and socio-economic problems owing to improper design, construction and 
maintenance, and were often only implemented locally in specific places or at regional or 
jurisdictional boundaries, rather than at system boundaries that reflect natural processes 
(Kamphuis, 2002).  
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4.1.3 Offshore breakwater 

An offshore breakwater is a structure that parallels the shore (in the nearshore zone) and serves as a 
wave absorber. It reduces wave energy in its lee and creates a salient or tombolo behind the 
structure that influences longshore transport of sediment. More recently, most offshore breakwaters 
have been of the submerged type; they become multipurpose artificial reefs where fish habitats 
develop and enhance surf breaking for water sport activities. These structures are appropriate for 
all coastlines. Their disadvantages are:  

 They are large structures and relatively difficult to build. 

 They need special design. 

 The structure is vulnerable to strong wave action. 

4.1.4 Artificial headland 

This structure is constructed to promote natural beaches because it acts as an artificial headland. It 
is relatively easy to construct and little maintenance is required. The disadvantages are: 

 It is a relatively large structure. 

 It can cause erosion downdrift of the protected length of coastline. 

 Has poor stability against large waves. 

4.2 Soft structural/engineering options 

Soft structural/engineering options aim to dissipate wave energy by mirroring natural forces and 
maintaining the natural topography of the coast. They include beach nourishment/feeding, dune 
building, revegetation and other non-structural management options. 

4.2.1 Beach nourishment 

The aim of beach nourishment is to create a wider beach by artificially increasing the quantity of 
sediment on a beach experiencing sediment loss, improving the amenity and recreational value of 
the coast and replicating the way that natural beaches dissipate wave energy. Offshore sediment 
can be sourced and is typically obtained from dredging operations; landward sources are an 
alternative, but are not as effective as their marine equivalents because the sediment has not been 
subject to marine sorting.  

This method requires regular maintenance with a constant source of sediment and is unlikely to be 
economical in severe wave climates or where sediment transport is rapid.  

It has been used in conjunction with hard structural/engineering options, i.e. offshore breakwaters, 
headlands and groynes to improve efficiency.  

4.2.2 Dune building/reconstruction 

Sand dunes are unique among other coastal landforms as they are formed by wind rather than 
moving waters; they represent a store of sand above the landward limits of normal high tides where 
their vegetation is not dependent on the inundation of seawater for stability (French, 2001). They 
provide an ideal coastal defence system; vegetation is vital for the survival of dunes because their 
root systems bind sediment and facilitate the build-up of dune sediment via wind baffle. During a 
storm, waves can reach the dune front and draw the sand onto the beach to form a storm beach 
profile; in normal seasons the wind blows the sand back to the dunes. In dune building or 
reconstruction, sand fences and mesh matting in combination with vegetation planting have 
successfully rgenerated dunes via sediment entrapment and vegetation colonization. The vegetation 
used should be governed by species already present, such as marram, sand couch grass and lyme 
grass.
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4.2.3 Coastal revegetation

Based on studies and scientific results, the presence of vegetation in coastal areas improves slope 
stability, consolidates sediment and reduces wave energy moving onshore; therefore, it protects the 
shoreline from erosion. However, its site-specificity means that it may be successful in estuarine 
conditions (low energy environment), but not on the open coast (high energy environment). In 
some cases, revegetation fails because environmental conditions do not favour the growth of 
species at the particular site or there is ignorance as to how to plant properly given the same 
conditions. It is also possible that anthropogenic influences have completely altered the natural 
processes in the area. The most obvious indicator of site suitability is the presence of vegetation 
already growing. This can be extended by other factors such as the slope, elevation, tidal range, 
salinity, substrate and hydrology (Clark, 1995; French, 2001).  

4.2.3.1 Coastal revegetation in muddy coastline environments (tidal zones of 
estuaries)

In muddy coastal environments or within the tidal zones of estuaries, mangrove forest and other 
indigenous shrub species are commonly found. Most erosion in these zones is attributable to the 
removal of the mangroves and other trees. To overcome this problem, replanting is necessary 
because these trees can regenerate and serve as coastal defence structures.  

Planting vegetation species relative to their correct elevation in mudflat environments is important. 
At low- and subtidal deltas below the high water mark, saltmarsh species are recommended. 
Saltmarshes are typically zoned according to elevation, the zones being controlled by the frequency 
and duration of tidal inundation. Within this zone, Spartina as a pioneer species is tolerant of more 
frequent inundation than higher marsh species, and as such, is often used because it can be planted 
well down the intertidal zone (French, 2001). Other saltmarsh species that can be used are 
helophyte species such as Phragmites australis (Cav.) Trin. ex Steudel and Scirpus lacustris L. 
Within this area, mangroves are also recommended and can be planted easily. If the area already 
has a serious erosion problem, then special seeding techniques are needed.  

A combination of species is suggested to reduce pest damage; however, the choice should be well 
planned in order to avoid competition. A number of publications provide planting/replanting 
guidelines, for example Hanley (2006). The mangrove forest should have a minimal width of 300 
metres, densities of at least 0.5 metre and be planted in staggered alignment.  

4.2.3.2 Coastal revegetation on other coastal types 

Sandy coast
Beaches composed of fine sand are usually broad and have a gentle seaward slope representing a 
low energy environment; beaches with coarse sand, gravel, shells, or broken coral branches have 
relatively steep slopes representing a high energy environment. Short-term fluctuations on these 
coasts (if there is no human intervention) do not mean that an erosion problem exists; variations on 
the beach face are the natural response of the beach to wave form and energy and also strong 
winds. After extreme conditions, a naturally eroded beach, with features such as a lowered beach 
face slope, the absence of berms and erosional scarps along the backshore/foredune will return to 
normal during lower wave energy seasons when waves return sand to the beach and wind 
transports it landwards to rebuild the upper beach and foredune. Therefore, long-term observations 
are needed before deciding that the beach is being seriously eroded.  

Severe erosion problems on these types of beaches are usually due to human activities such as dam 
building that decreases the river sediment supply to the coast, vegetation clearance on dunes and in 
beach woodlands, offshore mining, and building inappropriate coastal structures. In terms of 
erosion generated by vegetation clearance, revegetation of the area using indigenous vegetation is 
the only option. Other coastal protection options should be considered in combination with 
revegetation if the erosion problem is attributable to multiple factors.  
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Cliff and platform structures
Erosion of cliff and platform structures where there is no beach during high tide is due to complex 
processes and no single process predominates. These include gradual changes to cliff morphology 
owing to weathering and wave action at the base of the cliff, and slope instability due to episodic 
failure of the cliff. Planting shrubs and trees will improve slope stability, for example with belukar

(dense thickets possibly dominated by isolated trees tangled with lianas); however, other coastal 
protection options should be considered in combination with revegetation. 

4.3 Combinations of options 

As mentioned already, combining hard and soft solutions is sometimes necessary to improve the 
efficiency of the options and provide an environmentally and economically acceptable coastal 
protection system. Hard solutions are known to: 

 cause erosion and unnecessary accretion; 

 be expensive and often further aggravate the problem; and 

 spoil the aesthetic aspect of the beaches or coastlines they seek to protect, hence decreasing 
their economic value, especially for tourism purposes.  

Meanwhile, many soft solutions can: 

 take time to become effective (not overnight or quick-fix solutions), which generates 
negative public response; and 

 be effective solutions only in medium- to long-term perspectives (five to ten years). 

A planned retreat where the coast is left to erode can be expensive, unnecessary and sometimes 
impossible, especially in highly modified environments such as tourism areas and waterfront cities. 
To optimize the long-term positive impact of soft solutions, many combinations with hard 
solutions can be selected; combining beach nourishment and artificial headlands/groynes and 
revegetation and temporary offshore breakwaters/artificial reefs that act as interim hard structures 
is the most common approach. 

4.3.1 Beach nourishment and artificial headlands/groynes 

To reduce the frequency of renourishment and downdrift erosion in beach nourishment options, 
artificial headlands or groynes are often used as they can trap the downdrift movement of sediment. 

4.3.2 Revegetation and temporary offshore breakwaters/artificial reefs 

In some cases, revegetation in a low energy environment is required because deforestation of the 
coastal forest has led to direct exposure to wave action. There is also a need to establish offshore 
breakwaters/artificial reefs as temporary wave protection structures for mangroves and 
saltmarshes; otherwise, seawalls/revetments for vegetation that grows above the highest water 
mark such as waru, Casuarina, pine and palm trees can be built. Once the plants have established 
themselves, the structures may be removed. 

5 Social and environmental implications 

Social and environmental problems caused by coastal erosion are relevant and easy to observe. 
Losses in aquaculture (fish or shrimp ponds) due to erosion diminish fishery productivity and 
increase the number of unemployed people. Erosion has the same impact on tourism and urban 
areas where decreasing property values are a major problem. The problem is exacerbated when 
coastal protection measures have been improperly designed, constructed and maintained, or when 
they stop locally at specific places such as in front of hotels or properties that can afford to protect 
their own beaches, but the adjacent coast is left to erode (Plate 4.2). Or they may stop based on 
ownership (high public vs. private values) or at jurisdictional or administrative boundaries rather 
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than at system boundaries that reflect natural processes. These “solutions” create more problems 
than answers. Coastal erosion cannot be resolved in a piecemeal fashion; protective measures 
should be integrated, consider socio-economic conditions and reflect the natural processes that 
work in the region. 

Plate 4.2 Coastal protection efforts to protect a valuable tourism base; meanwhile, 
the adjacent shore with less economic value has minimal and improper protection. 
Even revegetation with waru to replicate planting at the neighbouring resort failed; 

the coast was then abandoned and left to erode 

Hard and soft options have positive and negative aspects. Most hard options are effective solutions 
in the short term but create domino effects. They stop local erosion in order to protect the asset, but 
then contribute to erosion in adjacent areas. In the long term their effectiveness is mostly 
unsatisfactory. Meanwhile, soft options are effective solutions in medium- to long-term 
perspectives, but the main issue (French, 2001; Eurosion, 2004) is raising awareness among the 
public so that they provide effective protection for their homes and businesses; the public 
perception of security is critical. During the planning process, it is quite common for many people 
to admit feeling much more secure behind a concrete wall than behind a beach and forest. In this 
context, a combination of hard and soft structures is advisable.  

Public or community involvement in using coastal forest and trees as coastal protection measures is 
very important during planning, implementation and monitoring; it will raise awareness on these 
solutions and the concomitant benefits for the ecosystem and all stakeholders. A good example 
comes from Bangladesh (Clark, 1995). The coastal green belt that had been incorporated with 
coastal embankments used a variety of trees that afforded not only protection from hazards, but 
also offered various benefits from the output of the green belt such as fruits, nuts, thatch, coconuts, 
fuel and poles.  

Nature has not only demonstrated how to erode, but also how to protect, and there is probably no 
protective measure initiated by human beings that has not been originally developed by nature 
(Bruun, 1972; Bache and MacaSkill, 1981). 

6 General guidelines on managing coastal erosion and their options 

Understanding the key processes of coastal dynamics and how coasts developed in the past and 
present, as well as over the short and long term, is very important for managing coastal erosion 
problems because coastal erosion may occur without cause for concern. This can be very complex 
and possibly controversial where many conflicts of interests exist within the coastal environment. 
The main underlying principles for coastal erosion management are as follows (NRC, 1990; ARC, 
2000):

 Identify and confirm coastal erosion as a problem. 
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 Identify, confirm and quantify the cause of the problem and ensure that any management 
option is well thought out before implementing coastal erosion measures. 

 Understand the key processes and characteristics of coastal dynamics and system boundaries 
that reflect the natural processes of the erosion problem.  

 Determine the coastal erosion measure options and implement them using proper design, 
construction and maintenance with careful evaluation of the effects on adjacent shores. 

 Consider the balance of the options’ costs and their associated benefits.  

A flowchart of this general guideline is given in Figure 4.10. 
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Figure 4.10 Flowchart of the guidelines for managing coastal erosion  
(modified from ARC, 2000) 

Site identification 

Confirming that coastal erosion is a problem 

Identifying, confirming and quantifying the cause of the 
problem and understanding the environmental context 
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Site identification: Simple site identification of coastal erosion can be done visually and through 
discussion with local inhabitants to give an indication of what is happening on the coast and when 
it started.

Confirming coastal erosion is a problem: As the coast has transient features, it is natural for it to 
erode or accrete sediment in response to changing forces; therefore, confirming that coastal erosion 
is a problem is very fundamental. Generally, coastal erosion is problematic in tourism areas, 
waterfront cities/residential blocks and aquaculture sites (shrimp ponds). Any legal issues pertinent 
to coastal management and development should be considered and discussed. 

Identifying, confirming and quantifying the cause of the problem: Identifying the cause of the 
problem requires analysis that should consider any possible sources — both natural and 
anthropogenic — confirm them, and quantify the scale and intensity of the source and impact in 
the past, present and possibly in the future. Field observations and data collection of not only 
physical, but also socio-economic (including historical if available) data of the region are required 
and crucial at this stage. This will give an idea of what kind of options could be implemented, 
related to any legal or policy framework on coastal erosion management for the region. 

Understanding the key processes: Understanding the key processes of coastal dynamics and how 
the coasts are functioning in areas where coastal erosion is a problem is essential to determine the 
system boundary that reflects natural processes. Many mathematical/numerical and physical 
models of coastal systems have been developed as tools to understand the behaviour of coastal 
systems. These tools can predict coastline evolution and interaction with the source of the problem 
and possible options to be implemented in the short and long term. These tools thus contribute to 
countermeasure planning and design as well as coastal erosion management.  

Determining options for addressing coastal erosion: Choosing the optimum option must involve 
the public or community affected by the erosion. Discuss the available options and provide 
technical information such as design of the options, materials to be used, construction methods and 
maintenance and cost–benefit analysis in a wider context to consider the balance of the cost and 
associated benefits.  

6.1 Set up a green belt/buffer zone 

The purposes of setting up coastal green belts must not be solely for preventing coastal erosion and 
mitigating other natural hazards, but also for addressing the socio-economic status of the local 
communities as well as ecological sustainability.  

The purposes of coastal green belts/buffer zones must serve to: 

 control and stabilize the shoreline by holding and trapping sediments and consolidate land 
for areas such as intertidal mudflats with mangrove green belts and sandy coasts with 
Casuarina, pine trees or coconuts and palm trees; 

 attenuate the force of devastating storm surges and waves that accompany cyclones and 
tsunamis; 

 provide an amenity and a source of food, materials and income for local communities; and 

 benefit biodiversity and create habitat corridors for wildlife that can be used for conservation 
activities and ecotourism development.  

In general, the underlying concepts of setting up green belt/buffer zones (Clark, 1996) are: 

 Social forestry: This should not be considered as a source of government or private sector 
revenue, but to support sustainable livelihood development among the coastal community. 
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 Ecodevelopment: This is beneficial for conservation activities, educational and recreational 
opportunities. 

 Participatory planning, implementation and monitoring: The indigenous knowledge of local 
communities should be used in decision-making so they receive benefits directly. 

Selection of the vegetation for setting up the green belt/buffer zone should take into account the 
natural protective function of the coastal system as illustrated in Figure 4.11: 

 Start with vegetation at the water’s edge and gradually proceed to hydric species inland. 

 Select water-edge vegetation that is found locally on each type of coast. In most cases the 
width of the buffer zone for the intertidal delta ranges between 300 and 500 metres, 
depending on the slope of the region. 

 Select beach vegetation that is found locally on each type of coast. The width of the buffer 
zone should be a minimum of 100 metres for the flat area, even with sand dunes or coastal 
embankments. 

7 Conclusions 

Coastal erosion and accretion are natural processes; however, they may become a problem when 
exacerbated by human activities or natural disasters. They are widespread in the coastal zone of 
Asia and other countries in the Indian Ocean owing to a combination of various natural forces, 
population growth and unmanaged economic development along the coast, within river catchments 
and offshore. This has led to major efforts to manage the situation and to restore the ability of the 
coast to accommodate short- and long-term changes induced by human activities, extreme events 
and sea-level rise. Understanding the key processes of coastal dynamics and how coasts are 
functioning both in spatial and temporal time scales (short and long term), in juxtaposition with 
human activities along the coast, within river watersheds and offshore is crucial for managing 
coastal erosion problems. Three main conclusions can be drawn on the roles that coastal forest and 
trees can play in combating coastal erosion: 

1) There is evidence that they provide some coastal protection and their clearance has 
increased the vulnerability of coasts to erosion. Based on scientific findings, the presence 
of vegetation in coastal areas will improve slope stability, consolidate sediment and 
diminish the amount of wave energy moving onshore, therefore protecting the shoreline 
from erosion.  

2) Increased interest in soft options (in this case the use of coastal forest and trees) for coastal 
protection is becoming predominant and is in line with advanced knowledge on coastal 
processes and the natural protective function of the coastal system. This is because hard 
options are mostly satisfactory in the short term, while soft options are effective in medium 
to long-term perspectives (five to ten years).  

3) A combination of hard and soft solutions is sometimes necessary to improve the efficiency 
of the options and to provide an environmentally and economically acceptable coastal 
protection system. 
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Figure 4.11 The natural protective functions of coastal forest and trees, starting with 
water-edge vegetation on intertidal deltas, rising to hydric species on higher soils 

or land. The green belt model below with coastal embankments  
(in Bangladesh) combines different type of trees, including fruit trees,  

which benefit local communities (Clark, 1995) 
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I. Introduction 

A. Nature of the Problem 

In 2007, two decisions were newly rendered in relation to maritime delimita-
tions: the Guyana/Suriname Arbitration of 17 September 2007

1

 and the Case Con-
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cerning Territorial and Maritime Dispute between Nicaragua and Honduras in the 
Caribbean Sea of 8 October 2007 (hereafter the Nicaragua/Honduras case).

2

 These 
two cases include some commonalities, for example:  

(i) The two cases relate to maritime delimitation between States with adjacent coasts. 
(ii) These cases concern the delimitation of a single maritime boundary relating to the 

territorial sea, the exclusive economic zone (EEZ) and the continental shelf. 
(iii) Parties in these cases have ratified the 1982 United Nations Convention on the 

Law of the Sea (hereafter the LOSC), and consequently, the delimitation of the territo-
rial sea, the EEZ and the continental shelf is governed by Articles 15, 74 (1) and 83 (1) of 
the LOSC, respectively. 

(iv) In each case, one of the Parties of the litigations – Suriname and Nicaragua respec-
tively – urged the international courts to apply the so-called bisector method. 

On the other hand, the Nicaragua/Honduras judgment sharply contrasts with 
the Guyana/Suriname award on an important point, namely the application of the 
equidistance method in the process of maritime delimitation. While the Arbitral 
Tribunal in the Guyana/Suriname case applied the equidistance method by reject-
ing the use of the bisector method, the ICJ, in one part of the Nicaragua/Honduras 
case, refused to apply the equidistance method and applied the bisector method.  

 As explained elsewhere, the essence of the law of maritime delimitation concerns 
the question how it is possible to ensure predictability, while taking into account a 
diversity of factors in order to achieve an equitable result.

3

 As with all types of law, 
the law of maritime delimitation should have a certain degree of predictability. At 
the same time, as each maritime delimitation case differs, flexible consideration of 
relevant factors is also required with a view to achieving equitable results. Hence 
the quest for a well-balanced legal framework reconciling predictability and flexi-
bility should be the essential issue in the law of maritime delimitation. The equidis-
tance method is the only objective method for ensuring predictability of results in 
the sense that, once the base-points are fixed, the delimitation line is mathemati-

                                                                                                                                              
1

  The Award is available at the homepage of the Permanent Court of Arbitration <http://www.pca 
-cpa.org/>. For a commentary on the award, see Y. T a n a k a , The Guyana/Suriname Arbitration: A 
Commentary, 2 Hague Justice Journal (2007), 28-33.  

2

  The text of the judgment is available at the homepage of the ICJ <http://www.icj-cij.org>. The 
analysis of this study relies on the electronic version of the judgment. The page numbers quoted in this 
study are the numbers of the electronic text. For an overview of this judgment, see M. P r a t t , Com-
mentary: Case Concerning Territorial and Maritime Dispute between Nicaragua and Honduras in the 
Caribbean Sea (Nicaragua v. Honduras), 2 Hague Justice Journal (2007), 34-38; Y. T a n a k a , Case 
Concerning the Territorial and Maritime Dispute between Nicaragua and Honduras in the Caribbean 
Sea (8 October 2007), 23 International Journal of Marine and Coastal Law (2008), 327-346; P. B e k -
k e r /A. S t a n i c , The ICJ Awards Sovereignty over Four Caribbean Sea Islands to Honduras and 
Fixes a Single Maritime Boundary between Nicaragua and Honduras, 11 (Issue 26) ASIL Insight 
(2007); E.A. K i r k , Case Concerning the Territorial and Maritime Dispute between Nicaagua and 
Honduras in the Caribbean Sea (Nicaragua v. Honduras), 57 ICLQ (2008), 701-709; and R. C h u r -
c h i l l , Dispute Settlement under the UN Convention on the Law of the Sea: Survey for 2007, 23 In-
ternational Journal of Marine and Coastal Law (2008), 615-624. 

3

  Y. T a n a k a , Predictability and Flexibility in the Law of Maritime Delimitation, Oxford 2006, 4-5. 
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cally determined.
4

 In this sense, the equidistance method is an essential element for 
ensuring predictability in the law of maritime delimitation. Hence, the Court’s 
view concerning the applicability of the equidistance method in the law deserves 
serious consideration.  

 Against that background, this study will examine the Nicaragua/Honduras 
judgment focusing particularly on the application of the equidistance method in 
the law of maritime delimitation. Following the introduction, including the back-
ground of the Nicaragua/Honduras dispute in Part I, Part II will address the pro-
cess of maritime delimitation in this case. Part III will review the legal position of 
the equidistance method in previous case law relating to maritime delimitations. 
On the basis of the analysis in Part III, Part IV will examine the validity of the 
Nicaragua/Honduras judgment concerning the equidistance method. Part V will 
then discuss the validity of the bisector method in the current case. Finally a gen-
eral conclusion is presented in Part VI.  

B. Background 

Nicaragua and Honduras – which had been under the rule of Spain, and 
achieved their independence in 1821 – are located in the south-western part of the 
Caribbean Sea.

5

 The coastlines of Nicaragua and Honduras roughly form a right 
angle that juts out to sea. The convexity of the coast is compounded by the cape 
formed at the mouth of the River Coco.

6

 The delta of the River Coco and even the 
coastline north and south of it shows a very active morpho-dynamism, and the 
river mouth is constantly changing its shape.

7

 Since the end of Spanish colonial 
rule, the two States have attempted to resolve their territorial disputes with third-
party assistance, such as the Mixed Boundary Commission set up by Article II of 
the 1894 Gámez-Bonilla Treaty, the Arbitration by the King of Spain, and the 
Mixed Commission established by the Inter-American Peace Committee. The 
Mixed Commission of the Inter-American Peace Committee determined that the 
land boundary would begin at the mouth of the River Coco at 14° 59.8’ N latitude 
and 83° 08.9’ W longitude.

8

 
From 1963 to 1979, Honduras and Nicaragua generally enjoyed friendly rela-

tions. On 21 September 1979, however, Honduras sent a diplomatic Note to Nica-
ragua stating that a Honduran fishing vessel had been attacked by Nicaragua 8 
miles north of the 15

th
 parallel which, according to Honduras, served as the bound-

ary line between Honduras and Nicaragua. Subsequently, numerous incidents in-

                                                        
4

  H.W.A. T h i r l w a y , The Law and Procedure of the International Court of Justice Part Five, 64 
BYIL (1994), 41.  

5

  The Nicaragua/Honduras case, op. cit., note 2, 11, para. 23.  
6

  Ibid., 13, para. 26. 
7

  Ibid., 14, para. 32. See also Argument by Mr C o l s o n , Verbatim Record, CR 2007/9, 45, para. 25.  
8

  Judgment, op. cit., note 2, 18, para. 47. 
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volving the capture and/or attack by each State of fishing vessels belonging to the 
other State in the vicinity of the 15

th
 parallel were recorded in a series of diplomatic 

exchanges.
9

 Nicaragua and Honduras attempted in vain to settle the boundary is-
sues through bilateral negotiations. Thus, on 8 December 1999, Nicaragua insti-
tuted proceedings against Honduras concerning a dispute relating to the delimita-
tion of the maritime areas appertaining to each of those States in the Caribbean Sea 
on the basis of Article XXXI of the Pact of Bogotá as well as Article 36 (2) of the 
Statute of the ICJ.

10

 As the Court included on the Bench no judge of the national-
ity of either of the Parties, Nicaragua chose Mr. Giorgio G a j a  and Honduras 
chose Mr. Santiago T o r r e s  B e r n á r d e z  as a judge ad hoc to sit in the present 
case.

11

  
In its Application and written pleadings, Nicaragua asked the Court to deter-

mine the course of the single maritime boundary between the areas of territorial 
sea, continental shelf and exclusive economic zone (EEZ) appertaining to Nicara-
gua and Honduras in the Caribbean Sea. Nicaragua claimed that its maritime 
boundary with Honduras in the Caribbean Sea had not been delimited. During the 
oral proceedings, Nicaragua further requested that the Court pronounce on sover-
eignty over islands located in the disputed area to the north of the boundary line 
claimed by Honduras and running along 14° 59.8’ North latitude.

12

 On the other 
hand, Honduras maintained that in the Caribbean Sea, there was already a tradi-
tionally recognized maritime boundary between Honduras and Nicaragua which 
had its origins in the principle of uti possidetis juris. During the oral proceedings, 
Honduras also asked the Court to adjudicate that the islands Bobel Cay, South 
Cay, Savanna Cay and Port Royal Cay, together with all other islands, cays, rocks, 
banks and reefs claimed by Nicaragua which lie north of the 15

th
 parallel, were un-

der the sovereignty of the Republic of Honduras.
13

 
It follows that the Nicaragua/Honduras case concerns the territorial disputes 

over the islands and the delimitation of a single maritime boundary in the disputed 
area at the same time. With respect to the dispute relating to territorial sovereignty 
over the islands, the Court unanimously found that Honduras has sovereignty 
over the islands of Bobel Cay, Savanna Cay, Port Royal Cay and South Cay on the 
basis of the post-colonial effectivités.

14

 Thus the Court turned to the maritime de-
limitation of the disputed area. 

                                                        
 
9

  Ibid., 18-20, paras. 49-58. 
10

  Ibid., 4, para. 1.  
11

  Ibid., 5, para. 5.  
12

  Ibid., 38, para. 127. For the sake of simplicity, the Court generally referred to this as the 15
th
 par-

allel. Ibid., 24, para. 72. 
13

  Ibid., 24, para. 73. 
14

  Ibid., 93, para. 321; 62, para. 227. For an outline of the Court’s argument on this issue, see T a -
n a k a , op. cit., note 2, 330-332. In addition, the Court’s argument relating to the maritime delimita-
tion has already been summarized by ibid., 333-338. 
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II. Delimitation of Maritime Areas 

A. The Traditional Maritime Boundary Line Claimed by Honduras 

1. Application of the Principle of uti possidetis juris to Maritime Boundaries 

The first issue relating to maritime delimitation was whether or not there was a 
traditional maritime boundary line as claimed by Honduras. According to Hondu-
ras, the line of the 15

th
 parallel constituted the maritime delimitation line on the ba-

sis of the uti possidetis juris principle referred to in the Gámez-Bonilla Treaty and 
the 1906 Award of the King of Spain. Honduras claimed that Cape Gracias a Dios 
separated the jurisdictional areas of the different colonial authorities which exer-
cised authority over the maritime areas off the coasts of present-day Nicaragua and 
Honduras.

15

 In this regard, the Court observed that this principle “might in certain 
circumstances, such as in connection with historic bays and territorial seas, play a 
role in a maritime delimitation”.

16

 According to the Court, however, no persuasive 
case had been made by Honduras as to why the maritime boundary should extend 
from the Cape along the 15

th
 parallel. The Court had already denied the relevance 

of the principle of uti possidetis juris in relation to sovereignty over the disputed is-
lands in the present case. Nor had it been shown that Spanish Crown divided its 
maritime jurisdiction between the colonial provinces of Nicaragua and Honduras 
even within the limits of the territorial sea. Further to this, the 1906 Award did not 
deal with the maritime delimitation between Nicaragua and Honduras. Accord-
ingly, the Court concluded that the uti possidetis juris principle cannot be said to 
have provided a basis for a maritime delimitation along the 15

th
 parallel.

17

  
 It is of particular interest to note that in certain circumstances, the Court ac-

cepted the applicability of the principle of uti possidetis juris to maritime bounda-
ries.

18

 Yet, as in the Nicaragua/Honduras case, it appears that the role of this prin-
ciple remains modest in this field. In the Land, Island and Maritime Frontier case 
between El Salvador and Honduras, for instance, the Chamber of the ICJ stated 
that the principle of uti possidetis juris should apply to the waters of the Gulf of 
Fonseca as well as to the land. However, the Chamber concluded that there was no 

                                                        
15

  Judgment, op. cit., note 2, 62, paras. 229-230; Counter-Memorial submitted by Honduras, Vol. 
I, 25-27, paras. 2.25-2.28; 144-146, paras. 7.38-7.45; Argument by Mr S a n d s , Verbatim Record, CR 
2007/9, 10-39, paras. 1-57. 

16

  Judgment, op. cit., note 2, 63, para. 232.  
17

  Ibid., 62-64, paras. 229-236. However, Judge ad hoc T o r r e s  B e r n á r d e z  considered that on 
the basis of the principle of uti possidetis juris, the 15

th
 parallel constituted the boundary of the territo-

rial sea with a breadth of six nautical miles. According to Judge T o r r e s  B e r n á r d e z , the Court’s 
standard in the application of this principle is too strict. Dissenting Opinion of Judge T o r r e s  
B e r n á r d e z , ibid., 18-20, paras. 75-83; 25-26, paras. 102-110. 

18

  Concerning the application of the principle of uti possidetis juris in maritime delimitations, see 
G. N e s i , Uti possidetis juris e delimitazioni maritime, 74 Rivista di Diritto Internazionale (1991), 534-
570; M.G. K o h e n , Possession contestée et souveraineté territoriale, Paris 1997, 461-464. 
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attempt to delimit the waters of the Gulf according to the principle of uti possidetis 
juris.

19

 Although the applicability of the principle of uti possidetis juris was dis-
cussed by the Parties in the Guinea/Guinea-Bissau case,

20

 the Court of Arbitration 
did not investigate this issue, because it decided that the Convention of 12 May 
1886 between France and Portugal did not determine a maritime boundary be-
tween the respective possessions of those two States in West Africa.

21

 In addition 
to this, the Arbitral Tribunal, in the Guinea-Bissau/Senegal case, ruled that the ex-
change of letters on 26 April 1960 between France and Portugal established a mari-
time boundary for the territorial sea, the contiguous zone, and the continental 
shelf. Nonetheless, the Arbitral Tribunal held that the boundary did not comprise 
the EEZ because the concept of the EEZ was unknown at that time.

22

 While the 
Arbitral Tribunal appeared to admit the application of the principle of uti possidetis 
juris to maritime boundaries,

23

 this award did seem to concern the succession of a 
boundary agreement in reality. Concerning the application of the principle of uti 
possidetis juris to maritime delimitations within the context of colonization, two 
points should be noted.  

First, intertemporal law should be considered in the application of the principle 
of uti possidetis juris to maritime delimitations.

24

 It is conceivable that the principle 
is not applicable to marine spaces which were unknown in the colonial period. Ac-
cordingly, the principle will have no role to play in the delimitation of the EEZ, 
which was crystallised in the post-colonial period.

25

  
 Secondly, it should be noted that there was no agreement on the maximum 

breadth of the territorial sea in the colonial period. Thus even where the principle 
of uti possidetis juris can be applied to the delimitation of the territorial sea, a ques-
tion arises with respect to the extension of the delimitation line. Currently the 
maximum breadth of the territorial sea is 12 nautical miles under Article 3 of the 
LOSC. Yet this does not mean that the delimitation line on the basis of the princi-
ple of uti possidetis juris will automatically extend until 12 nautical miles.  

In this respect, it is notable that the Arbitral Tribunal, in the Guyana/Suriname 
case, addressed the question of whether and how a delimitation should extend 
from the previous limit of the territorial sea (3 nautical miles) to a newly estab-
lished limit (12 nautical miles). On this issue, the Arbitral Tribunal did not support 
automatic extension of the territorial sea from the previously accepted limit of 3 

                                                        
19

  ICJ Reports 1992, 589, para. 386; 601, para. 405. See also 598-600, paras. 400-401. 
20

  The Guinea/Guinea-Bissau case, 25 ILM (1986), 271, para. 40. 
21

  Ibid., 288, para. 85; 304, para. 130. 
22

  The Guinea-Bissau/Senegal arbitration, 94 RGDIP (1990), 274, para. 88.  
23

  R. K o l b , Case Law on Equitable Maritime Delimitation, The Hague et al. 2003, 203; S. 
L a l o n d e , Uti Possidetis: Its Colonial Past Revisited, RBDI (2001), 84. 

24

  Ibid., 85. 
25

  Yet Judge J i m é n e z  d e  A r é c h a g a  was supportive of the application of the principle uti 
possidetis juris to the colonial delimitation of sponge fisheries. Separate Opinion of Judge J i m é n e z  
d e  A r é c h a g a  in the Tunisia/Libya case, ICJ Reports 1982, 131-132, paras. 100-102. 
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nautical miles to the current limit of 12 nautical miles.
26

 According to the Arbitral 
Tribunal, the automatic extension of the existing delimitation line, namely, the 
N10°E Line, would allow Guyana’s territorial sea to cut across the approaches to 
the river and thus defeat the purpose of that line to protect Suriname’s navigational 
interests. In light of this special circumstance, the Arbitral Tribunal concluded that 
the territorial sea delimitation must be drawn from the point at which the N10°E 
line intersects the 3 nautical miles limit to the point at which the equidistance line 
drawn by the Tribunal of the Award intersects the 12 nautical miles.

27

 

2. The Existence of a de facto Maritime Boundary 

Honduras also contended that there was a “de facto boundary based on the tacit 
agreement of the Parties” at the 15

th
 parallel. According to Honduras, ever since 

the 1906 Award was rendered, the Parties’ oil concession practice concerning the 
15

th
 parallel has coincided and has even been co-ordinated along that parallel. 

Honduras further argued that the existence of a tacit agreement between the Par-
ties on the 15

th
 parallel as the maritime boundary could be suggested by fishing ac-

tivities in the disputed area, the regional practice of third Parties, and statements of 
many fishermen.

28

 On this issue, the Court generally stated that: 
The establishment of a permanent maritime boundary is a matter of grave importance 

and agreement is not easily to be presumed. […] Even if there had been a provisional line 
found convenient for a period of time, this is to be distinguished from an international 
boundary.

29

  

The Court has noted that from 1961 to1977, the 15
th
 parallel appeared to have 

had some relevance in the conduct of the Parties. Specifically the Court observed 
that during this period, several oil concessions were granted by the Parties indicat-
ing the 15

th
 parallel as their northern and southern limits, that the 15

th
 parallel di-

vided the respective fishing areas of the two States, and that the 15
th
 parallel was 

also perceived by some fishermen as a line dividing maritime areas under the juris-
diction of the Parties. According to the Court, however, “these events, spanning a 
short period of time, are not sufficient for the Court to conclude that there was a 
legally established international maritime boundary between the two States”.

30

 The 
Court further pointed to the fact that in the Note of the Honduran Minister for 
Foreign Affairs dated 3 May 1982, Honduras concurred with the Nicaraguan For-
eign Ministry that “the maritime border between Honduras and Nicaragua has not 
been legally delimited” and proposed that the Parties at least come to a “tempo-
rary” arrangement about the boundary so as to avoid further boundary incidents.

31

 

                                                        
26

  The Guyana/Suriname Award, op. cit., note 1, 99, para. 311.  
27

  Ibid., 103, paras. 322-325. 
28

  Judgment, op. cit., note 2, 64-69, paras. 237-252. 
29

  Ibid., 69, para. 253.  
30

  Ibid., 70, para. 256. 
31

  Ibid., para. 257. See also 20, para. 56. 
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In conclusion, the Court held that there was no tacit agreement in effect between 
the Parties in 1982 – nor a fortiori at any subsequent date – of a nature to establish 
a legally binding maritime boundary.

32

  
The jurisprudence relating to maritime delimitations demonstrated that nor-

mally the international courts and tribunals were reluctant to accept the existence 
of a de facto maritime boundary on the basis of the conduct of the Parties. Apart 
from the Tunisia/Libya judgment,

33

 the conduct of the Parties plays but a modest 
role in the Gulf of Maine, St. Pierre and Miquelon, Greenland/Jan Mayen, Eri-
trea/Yemen, Qatar/Bahrain, Cameroon/Nigeria and Barbados/Trinidad and To-
bago cases.

34

 In particular, the ICJ in the Cameroon/Nigeria case explicitly stated 
that: 

Overall, it follows from the jurisprudence that, although the existence of an express or 
tacit agreement between the parties on the sitting of their respective oil concessions may 
indicate a consensus on the maritime areas to which they are entitled, oil concessions and 
oil wells are not in themselves to be considered as relevant circumstances justifying the 
adjustment or shifting of the provisional delimitation line. Only if they are based on ex-
press or tacit agreement between the parties may they be taken into account. In the pre-
sent case there is no agreement between the parties regarding oil concessions.

35

 

This view was echoed by the Guyana/Suriname award, which held that: “The 
[previous] cases reveal a marked reluctance of international courts and tribunals to 
accord significance to the oil practice of the parties in the determination of the de-
limitation line.”

36

 Accordingly, it may be said that the Nicaragua/Honduras judg-
ment is in the line with the existing case law in this field. It appears that the inter-
national courts’ approach is valid, because giving too much weight to the conduct 
of the Parties entails the risk of introducing the idea of effectiveness of occupation 
– which would be incompatible with the fundamental character of the legal title 
over marine spaces – into the law of maritime delimitation.  

B. Delimitation of the Single Maritime Boundary 

1. Establishment of a Bisector Line 

The jurisprudence of the Court on various occasions makes it clear that the 
equidistance method is widely used in the practice of maritime delimitation.

37

 
Nonetheless, Nicaragua asserted that the instability of the mouth of the River 

                                                        
32

  Ibid., paras. 257-258. 
33

  The ICJ in the Tunisia/Libya case attached great importance to a de facto line drawn from Ras 
Ajdir at an angle of some 26° east of north, which resulted from concessions for the offshore explora-
tion and exploitation of oil and gas granted by the Parties. ICJ Reports 1982, 71, para. 96. 

34

  On this issue, T a n a k a , op. cit., note 3, 288-299. 
35

  Judgment, ICJ Reports 2002, 447-448, para. 304. 
36

  The Guyana/Suriname arbitration, op. cit., note 1, 125, para. 390. 
37

  Judgment, op. cit., note 2, 73-74, paras. 267-272. 
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Coco at the Nicaragua-Honduras land boundary terminus would make fixing base 
points and using them to construct a provisional equidistance line unduly prob-
lematic. Thus Nicaragua urged the Court to apply the bisector method which con-
structs the entire single maritime boundary from the bisector of two lines repre-
senting the entire coastal front of both States, which would then run along a line of 
constant bearing 52° 45’21’’.

38

 On the other hand, Honduras’s principal argument 
was that there was a tacit agreement on the 15

th
 parallel as the single maritime 

boundary. During the oral proceedings, however, Honduras claimed that if the 
Court rejected its submission on a tacit agreement, then an adjusted equidistance 
line would provide the basis for an alternative boundary. Honduras therefore re-
ferred to a provisional equidistance line drawn from a single pair of purported 
mainland base points without using any of the islands as base points.

39

  
 On this issue, the Court observed that because of the very active morpho-

dynamism of the relevant area, “continued accretion at the Cape might render any 
equidistance line so constructed today arbitrary and unreasonable in the near fu-
ture”.

40

 Furthermore, there were no viable base points claimed or accepted by the 
Parties themselves at Cape Gracias a Dios. According to the Court, whatever base 
points would be used for the drawing of an equidistance line, the configuration and 
unstable nature of the relevant coasts would make these base points uncertain 
within a short period of time. Given the set of circumstances, the Court considered 
that in the current case, it was impossible to identify base points and construct a 
provisional equidistance line for the single maritime boundary delimiting maritime 
areas off the Parties’ mainland coasts. Hence the Court found itself within the ex-
ception provided for in Article 15 of the LOSC, namely facing special circum-
stances in which it cannot apply the equidistance principle.

41

  
It followed that the Court must consider the applicability of the alternative 

methods claimed by the Parties. According to the Court,  
In instances where, as in the present case, any base points that could be determined by 

the Court are inherently unstable, the bisector method may be seen as an approximation 
of the equidistance method.

42

 

In so stating, the Court found that the bisector method was to be applied in the 
present case. Unlike the equidistance method, this method relies on the macro-
geography of a coastline as represented by a line drawn between two points on the 
coast. In the Court’s view, a Honduran coastal front running to Punta Patuca and a 
Nicaraguan coastal front running to Wouhnta are the relevant coasts for the pur-

                                                        
38

  Ibid., 74, para. 273. Concerning the bisector method, see in particular, Memorial submitted by 
Nicaragua, Vol. I, 95-144, paras. 20-43; Reply of Nicaragua, Vol. I, 180-187, paras. 9.6-9.34; Argument 
by Mr B r o w n l i e , Verbatim Record, CR 2007/2, 10-43, paras. 1-147. 

39

  Judgment, op. cit., note 2, 78, para. 286. 
40

  Ibid., 75, para. 277. 
41

  Ibid., 75-77, paras. 277-281. 
42

  Ibid., 78, para. 287.  
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poses of drawing the bisector. It follows that the bisector line is an azimuth of 70° 
14’41.25”.

43

 

2. Delimitation Around the Islands 

The next issue concerns the delimitation around the islands in the disputed area. 
Nicaragua argued that these islands should be enclaved within only a 3 nautical 
mile territorial sea, since a full 12 nautical mile territorial sea would result in giving 
a disproportionate amount of the maritime areas in dispute to Honduras.

44

 By re-
jecting this argument, the Court ruled that the Honduran islands of Bobel Cay, Sa-
vanna Cay, Port Royal Cay and South Cay shall be accorded a territorial sea of 12 
nautical miles.

45

 It follows that the territorial seas attributed to the Honduran is-
lands and the Nicaraguan island of Edinburgh Cay would lead to an overlap in the 
territorial seas of the Parties.  

Concerning the delimitation method applicable to the overlapped area, the 
Court referred to the Qatar/Bahrain case, which stated that: 

The most logical and widely practised approach is first to draw provisionally an equi-
distance line and then to consider whether that line must be adjusted in the light of the 
existence of special circumstances.

46

 

Following the precedent, the Court applied the equidistance method in the de-
limitation of the territorial seas between the Parties. According to the Court,  

Delimiting of this relatively small area can be satisfactorily accomplished by drawing a 
provisional equidistance line, using co-ordinates for the above islands as the base points 
for their territorial seas […]. The Court does not consider there to be any legally relevant 
“special circumstances” in this area that would warrant adjusting this provisional line.

47

  

Hence, as illustrated in Figure 2, the equidistance line became the delimitation 
line in this area.  

3. Starting Point and Endpoint of the Maritime Boundary 

The last issue related to the starting point and endpoint of the maritime bound-
ary. Both Parties agreed that the appropriate starting point should be located 3 
nautical miles seaward from the “mouth” of the River Coco; and that for the first 3 
nautical miles a negotiated solution should be found. Yet there was no agreement 
from where on the River Coco these 3 nautical miles should be measured and in 

                                                        
43

  Ibid., 81, para. 298. See Figure 1. The validity of the bisector method will be discussed in Part V. 
44

  Judgment, op. cit., note 2, 83, para. 300. This is a response to the question posed by Judge 
S i m m a  during the oral proceedings. Judge S i m m a ’ s  question was: “What are the reasons for the 
indication by Nicaragua of 3-mile territorial seas around these cays while both Parties to the present 
dispute in general claim 12-mile territorial seas?”, Verbatim Record, CR 2007/12, 54.  

45

  Judgment, op. cit., note 2, paras. 300-302. 
46

  ICJ Reports 2001, 94, para. 176.  
47

  Judgment, op. cit., note 2, para. 304. 
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what direction.
48

 In this respect, the Court set, by fifteen votes to two, the starting-
point 3 miles out to sea (15° 00’ 52”N and 83° 05’58”W) from the point already 
identified by the 1962 Mixed Commission along the azimuth of the bisector.

49

 The 
Court found, by sixteen votes to one, that the Parties must negotiate in good faith 
with a view to agreeing on the course of the delimitation line which links the end 
of the land boundary as fixed by the 1906 Award and the point of departure of the 
maritime delimitation in accordance with this judgment.

50

  
By contrast, the Court did not specify the precise location of the endpoint, and 

merely stated that it extends beyond the 82
nd

 meridian without affecting third-state 
rights.

51

 Unlike the earlier case law in this field, no mention was made of the pro-
portionality test, although Nicaragua argued this point.

52

 Yet the Court did not 
clarify the reason for this omission. In conclusion, by fourteen votes to three, the 
Court drew the single maritime boundary as illustrated in Figure 3.

53

 

III. The Applicability of the Equidistance Method in the Law 
 of Maritime Delimitation: Analysis of the Previous Case  
 Law 

On the basis of the above description, the following Parts will examine the va-
lidity of the Court’s argument with regard to the applicability of the equidistance 
method at the first stage of maritime delimitations in the Nicaragua/Honduras 
judgment. This issue should be addressed from the perspective of the development 
of jurisprudence relating to maritime delimitations. Thus, it will be appropriate to 
review the development of case law in this field.

54

 There is no doubt that the equi-

                                                        
48

  Ibid., 84, para. 307. On this issue, see Memorial submitted by Nicaragua, Vol. I, 75-86, paras. 1-
30; Counter-Memorial submitted by Honduras, Vol. I, 136-137, paras. 7.9-7.14; 144-146, paras. 7.38-
7.45; Reply of Nicaragua, Vol. I, 195-206, paras. 10.1-10.30; Rejoinder of Honduras, Vol. I, 125-127, 
paras. 8.02-8.06.  

49

  Judgment, op. cit., note 2, 87, para. 311; 93, para. 321 (2). 
50

  Ibid., 87, para. 311 and 94, para. 321 (4). 
51

  Ibid., 90, para. 319. 
52

  Reply of Nicaragua, Vol. I, 193, paras. 9.53-9.54; Argument by Mr B r o w n l i e , Verbatim Re-
cord, CR 2007/5, 39-40, paras. 64-66; Argument by Mr B r o w n l i e , Verbatim Record, CR 2007/12, 
51-52, paras. 63-66. Concerning the concept of proportionality in the law of maritime delimitation, see 
T a n a k a , op. cit., note 3, 161-183. 

53

  Judgment, op. cit., note 2, 93, para. 321 (3). Yet the Court failed to specify a reference datum for 
the coordinates defining the single maritime boundary, although the illustrative maps annexed to the 
judgment are referred to WGS84. On this issue, see P r a t t , op. cit., note 2, 38. 

54

  On this issue, see T a n a k a , op. cit., note 3, 51-126; L. L u c c h i n i , La délimitation des fron-
tières maritimes dans la jurisprudence internationale: vue d’ensemble, in: R. Lagoni/D. Vignes (eds.), 
Maritime Delimitation, Leiden/Boston 2006, 1-18; M.D. E v a n s , Maritime Boundary Delimitation: 
Where Do We Go From Here?, in: D. Freestone et al., The Law of the Sea: Progress and Prospects, 
Oxford 2006, 137-160; D. A n d e r s o n , Developments in Maritime Boundary Law and Practice, in: 
D.A. Colson/R.W. Smith (eds.), International Maritime Boundaries, Vol. V, Leiden/Boston 2005, 
3205-3209. 
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table principles as customary law are at the heart of the law of maritime delimita-
tion. Nevertheless, the existing case law demonstrates that the approach to the 
principles is changing with the passage of time; and that the applicability of the 
equidistance method at the first stage of maritime delimitations is a fundamental is-
sue underlying the change in approach. The development of the law of maritime 
delimitation can be divided into two phases: the first phase (1969-1992) and the 
second phase (1993-present). 

A. The First Phase: Case Law relating to Maritime Delimitations 
 between 1969 and 1992 

1. Genesis of the Two Approaches to the Equitable Principles 

It is common knowledge that the ICJ, in the North Sea Continental Shelf cases 
of 1969, did not admit the mandatory character of the equidistance method. The 
Court rejected the existence of any obligatory method of continental shelf delimi-
tation, asserting that “there [is] no other single method of delimitation the use of 
which is in all circumstances obligatory”.

55

 According to the Court, “it is necessary 
to seek not one method of delimitation, but one goal”.

56

 Thus, the Court indicated 
solely the factors to be taken into account in a negotiation, without specifying a 
concrete method.

57

 In the Court’s view, it is the goal which should be stressed, and 
the law of maritime delimitation should be defined only by this goal, i.e., the 
achievement of equitable results. In this sense, one could speak of a result-
oriented-equity approach.

58

 
On the other hand, the Arbitral Tribunal, in the Anglo-French Continental Shelf 

case of 1997, followed a line of argument different from that adopted in the North 
Sea Continental Shelf judgment. First, unlike ICJ in the North Sea Continental 
Shelf cases, the Court of Arbitration equated Article 6 of the 1958 Geneva Con-
vention on the Continental Shelf, as a single combined equidistance-special cir-
cumstances rule, to the customary law of equitable principles.

59

 On the basis of this 
interpretation, secondly, the Court of Arbitration applied the equidistance method 
with modification. Specifically, in the Atlantic region, where Article 6 was applica-

                                                        
55

  ICJ Reports 1969, 53, para. 101. See also, 49, para. 90. 
56

  Ibid., 50, para. 92. 
57

  Such factors are the general configuration of the coasts of the Parties, the physical and geological 
structure, the natural resources, the unity of deposits, and a reasonable degree of proportionality. 
Ibid., 53-54, para. 101. 

58

  However, it must be remembered that several judges harboured misgivings about the Court’s 
approach to the equitable principles because of the lack of any specific method of delimitation. See 
Dissenting Opinion of Judge T a n a k a , ibid., 195-196; Separate Opinion of Judge A m m o u n , ibid., 
145, para. 45; 132, para. 32. 

59

  The Anglo-French Continental Shelf case, 18 United Nations, Reports of International Arbitral 
Awards, 45, para. 70. 
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ble, the Court of Arbitration considered that a strict application of the equidistance 
method would tend to produce inequitable results.

60

 However, the Court did not 
consider that the existence of a special circumstance gave it “carte blanche to em-
ploy any method that it [chose] in order to effect an equitable delimitation of the 
continental shelf”.

61

 It said that: 
The Court notes that in a large proportion of the delimitations known to it, where a 

particular geographical feature has influenced the course of a continental shelf boundary, 
the method of delimitation adopted has been some modification or variant of the equi-
distance principle rather than its total rejection. […] [I]t seems to the Court to be in ac-
cord not only with the legal rules governing the continental shelf but also with State 
practice to seek the solution in a method modifying or varying the equidistance method 
rather than to have recourse to a wholly different criterion of delimitation.

62

 

Thus, the Court of Arbitration accepted the applicability of the equidistance 
method as a starting point, even where a particular geographical element exists in a 
situation of lateral delimitation.

63

 In so doing, the Court of Arbitration considered 
equity to be a corrective element. One may call this the corrective-equity ap-
proach. According to this approach, the equidistance method is applied at the first 
stage of delimitation, and then a shift of the equidistance line may be envisaged if 
relevant circumstances warrant it. It could thus be contended that the arbitral 
award set another starting point for the case law in this field. In summary, based on 
the equitable principles, two different approaches appeared in the 1969 and 1977 
decisions. 

2. Predominance of the Result-Oriented Equity Approach 

Later on, the result-oriented equity approach was strongly supported by the 
1982 Tunisia/Libya judgment. The essence of the ICJ’s approach can be seen in the 
following passage of this judgment:  

The result of the application of equitable principles must be equitable. [...] It is, how-
ever, the result which is predominant; the principles are subordinate to the goal. The eq-
uitableness of a principle must be assessed in the light of its usefulness for the purpose of 
arriving at an equitable result.

64

 

Thus the Court accepted neither the mandatory character of equidistance, nor 
some privileged status of equidistance in relation to other methods.

65

 According to 
the Court’s approach, the application of the equitable principles would be broken 

                                                        
60

  In this region, the Scilly Isles constituted a special circumstance, ibid., 114, paras. 244-245. 
61

  Ibid., para. 245. 
62

  Ibid., 116, para. 249. 
63

  The Court took into account the fact that, in the Atlantic region, Article 6 was applicable. Yet, 
as Article 6 is the particular expression of a customary law of equitable principles, the result would be 
the same as if customary law had been applied. 

64

  ICJ Reports 1982, 59, para. 70. 
65

  Ibid., 79, para. 110. 
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down into relevant circumstances in specific situations, ruling out any predeter-
mined method.

66

  
The result-oriented-equity approach was echoed by the Chamber of the ICJ in 

the Gulf of Maine case relating to the delimitation of a single maritime boundary 
(1984). In this case, the Chamber pronounced a “fundamental norm” applicable to 
every maritime delimitation between neighbouring States. The first norm is that 
maritime delimitation must be sought and effected by means of an agreement in 
good faith. The second norm is: 

(2) In either case, delimitation is to be effected by the application of equitable criteria 
and by the use of practical methods capable of ensuring, with regard to the geographic 
configuration of the area and other relevant circumstances, an equitable result.

67

  

The second part of the fundamental norm includes three elements: (i) equitable 
criteria; (ii) a practical method; (iii) an equitable result. In this formulation, “an eq-
uitable result” should be achieved by resort to “equitable criteria” and a “practical 
method”. According to the Chamber, there has been no systematic definition of 
equitable criteria because of their highly variable adaptability to different concrete 
situations.

68

 Thus “equitable criteria” are excluded from the legal domain. Accord-
ing to the Chamber, 

[T]he criteria in question are not themselves rules of law and therefore mandatory in 
the different situations, but ‘equitable’, or even ‘reasonable’, criteria, and that what inter-
national law requires is that recourse be had in each case to the criterion, or the balance 
of different criteria, appearing to be most appropriate to the concrete situation.

69

  

The same is true regarding the “practical method,” since the latter would be se-
lected on a case-by-case basis, relying on actual situations.

70

 It follows that accord-
ing to the Chamber, the law defines neither the equitable criteria nor the practical 
method, simply advancing the idea of “an equitable result”.

71

  
 The full Court, in the Libya/Malta case of 1985, also stressed the result to be 

achieved, not the means to be applied, by stating that: “[i]t is however the goal – 
the equitable result – and not the means used to achieve it, that must be the pri-
mary element in this duality of characterization.”

72

 At the stage of establishing the 

                                                        
66

  Judge J i m é n e z  d e  A r é c h a g a  clearly advocated this view. Separate Opinion of Judge 
J i m é n e z  d e  A r é c h a g a , ibid., 106, para 24. By contrast, several judges criticized the Court’s ap-
proach, because this approach would blur the distinction between decisions based on equitable princi-
ples as law and those taken ex aequo et bono. See Dissenting Opinion of Judge E v e n s e n , ibid., 294, 
para. 14; 291, para. 12. Thus Judge E v e n s e n  was supportive of the corrective-equity approach. Ibid., 
296, para. 15. See also Dissenting Opinion of Judge G r o s , ibid., 149, para. 12; Dissenting Opinion of 
Judge O d a , ibid., 270-271, paras. 182-184. 

67

  ICJ Reports 1984, 299-300, para. 112.  
68

  Ibid., 312, para. 157. 
69

  Ibid., 313, para. 158.  
70

  Ibid., 315, paras. 162-163.  
71

  However, Judge G r o s  criticized the Chamber’s approach, by stating that “this [was] closer to 
subjectivism than to the application of law to the facts with a view to the delimitation of maritime ar-
eas”. Dissenting Opinion of Judge G r o s , ibid., 377, para. 26. 

72

  ICJ Reports 1985, 38-39, para. 45. 
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continental shelf boundary, however, the Court accepted the application of the 
equidistance method.

73

 Thus the Court applied the equidistance method as a first 
provisional step, and the equidistance line was adjusted in a second stage on ac-
count of relevant circumstances. In so doing, the Court adopted the corrective-
equity approach for the delimitation of opposite coasts at the operational stage. 
This shows a clear contrast to the Tunisia/Libya case, in which the equidistance 
method was completely discarded. It may be said that the Libya/Malta judgment 
has a hybrid character in the sense that two approaches were used. 

The result-oriented approach was echoed by the two arbitral awards. In fact, the 
Arbitral Tribunal, in the Guinea/Guinea-Bissau case of 1985, ruled that: “They 
[the factors and methods] are not restricted in number and none of them is obliga-
tory for the Tribunal, since each case of delimitation is a unicum, as has been em-
phasised by the International Court of Justice.”

74

 Similarly, the Court of Arbitra-
tion, in the St. Pierre and Miquelon case (1992), held that the delimitation should 
“be effected in accordance with equitable principles, or equitable criteria, taking 
account of all the relevant circumstances, in order to achieve an equitable result. 
The underlying premise of this fundamental norm is the emphasis on equity and 
the rejection of any obligatory method.”

75

 Overall it can be observed that between 
1969 and 1992, international courts and tribunals basically took the result-
oriented-equity approach.  

B. The Second Phase: Case Law relating to Maritime Delimitation 
 between 1993 and 2007 

1. The Greenland/Jan Mayen Case as a Turning Point 

Nonetheless, the law of maritime delimitation was to change radically toward 
the corrective-equity approach. A turning point was the Greenland/Jan Mayen 
judgment of 1993. In the Greenland/Jan Mayen dispute, there was no agreement 
on a single maritime boundary, and, thus, the Court was “not empowered – or 
constrained – by any such agreement for a single dual-purpose boundary”.

76

 Ac-
cordingly, the law applicable to the continental shelf and to the Fishery Zone must 
be examined separately.  

Concerning the continental shelf, the applicable law was Article 6 of the 1958 
Convention on the Continental Shelf which both Parties had ratified. The Court 
equated Article 6 with customary law by relying on a passage of the 1977 award of 

                                                        
73

  Ibid., 47, para. 62. 
74

  25 ILM (1986), 251-307, 289-90, para. 89. Underline in the original. The French text is the au-
thentic one. See Award of 14 February 1985, 89 RGDIP (1985), 484-537. 

75

  The St. Pierre and Miquelon case, 31 ILM (1992), 1163, para. 38.  
76

  The Greenland/Jan Mayen case, ICJ Reports 1993, 57, para. 43; 42-43, para. 9.  
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the Court of Arbitration in the Anglo-French Continental Shelf case.
77

 For the 
Court, 

[I]n respect of the continental shelf boundary in the present case, even if it were ap-
propriate to apply, not Article 6 of the 1958 Convention, but customary law concerning 
the continental shelf as developed in the decided cases, it is in accord with precedents to 
begin with the median line as a provisional line and then to ask whether “special circum-
stances” require any adjustment or shifting of the line.

78

 

Considering the fact that the Court had rejected Article 6 as customary law, this 
represents a turning point in terms of the relationship between treaty law and cus-
tomary law. According to this interpretation, the equidistance method is incorpo-
rated into customary law.  

 With respect to law applicable to the Fishery Zone, the Court equated the cus-
tomary law applicable to the FZ with that governing the EEZ on the basis of the 
agreement of the Parties.

79

 The next issue is the relation between the law applicable 
to the FZ and that governing the continental shelf. The Court, referring to the Gulf 
of Maine and the Libya/Malta cases, ruled that: 

It thus appears that, both for the continental shelf and for the fishery zones in this 
case, it is proper to begin the process of delimitation by a median line provisionally 
drawn.

80

  

Furthermore, quoting the Anglo-French arbitral award, the Court held that: 
It cannot be surprising if an equidistance-special circumstances rule produces much 

the same result as an equitable principles-relevant circumstances rule in the case of oppo-
site coasts, whether in the case of a delimitation of continental shelf, of fishery zone, or 
of an all-purpose single boundary.

81

  

Thus the Court assimilated the law of continental shelf delimitation with that of 
the FZ at the customary law level. 

 In summary, the Court attempted to achieve assimilation at three levels: (i) the 
assimilation of Article 6 of the Convention on the Continental Shelf to customary 
law; (ii) assimilation between the law applicable to the EEZ delimitation and that 
governing the FZ delimitation in customary law; and (iii) the assimilation of cus-
tomary law for the continental shelf delimitation and for an EEZ/FZ delimitation. 
The Court’s view is significant in the sense that so far as the coasts face each other, 
the law of maritime delimitation is to be unified under a triple rule of “agreement-
equidistance-special circumstances”. Consequently, the equidistant (median) line is 
to be drawn at a first stage, and relevant circumstances are to be considered at a 
second stage. Thus, for the first time in the case law of the ICJ, the corrective-
equity approach was adopted as c u s t o m a r y  l a w . On the basis of this approach, 

                                                        
77

  Ibid. 
78

  Ibid., 61, para. 51. 
79

  Ibid., 59, para. 47. 
80

  Ibid., 62, para. 53. 
81

  Ibid., para. 56. 
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the Court drew a coincident maritime boundary for the continental shelf and the 
FZ. 

2. Development of the Corrective-Equity Approach 

The Court’s approach in the Greenland/Jan Mayen case was echoed by the Eri-
trea/Yemen arbitration (the Second Phase) of 1999.

82

 The view of the Tribunal is 
worth quoting in full: 

It is a generally accepted view, as is evidenced in both the writings of commentators 
and in the jurisprudence, that between coasts that are opposite to each other the median 
or equidistance line normally provides an equitable boundary in accordance with the re-
quirements of the Convention, and in particular those of its Articles 74 and 83 which re-
spectively provide for the equitable delimitation of the EEZ and of the continental shelf 
between States with opposite or adjacent coasts.

83

 

Thus the Tribunal decided that:  
[T]he international boundary shall be a single all-purpose boundary which is a median 

line and that it should, as far as practicable, be a median line between the opposite 
mainland coastlines. This solution is not only in accord with practice and precedent in 
the like situations but is also one that is already familiar to both Parties.

84

  

Hence the Tribunal expressly ruled that, so far as the maritime delimitation be-
tween States with opposite coasts was concerned, a median or an equidistance line 
would provide an equitable maritime boundary under Articles 74 and 83 of the 
LOSC. At the same time, it should be stressed that the Tribunal did not consider a 
median line as the end product. Indeed, the Tribunal applied a proportionality test 
to examine the equitableness of the median line drawn by it. This means that if 
there is disproportionality, such a line should be modified, which will lead to the 
corrective-equity approach. 

 The corrective-approach was further promoted by the ICJ in the Qatar/Bahrain 
dispute of 2001. This dispute simultaneously included the delimitation of both ter-
ritorial sea and single maritime boundaries. Neither Bahrain nor Qatar was a party 
to the 1958 Geneva Conventions on the Law of the Sea. While Bahrain had ratified 
the 1982 LOSC, Qatar was only a signatory to it. Thus, it was customary law 
which was applicable to this case.

85

 Concerning the law applicable to territorial sea 
delimitation, the Court held that Article 15 of the LOSC was to be regarded as 
having a customary character. In this respect, the Court clearly adopted the correc-
tive-equity approach for a territorial sea delimitation.

86

 Concerning the law appli-

                                                        
82

  For the text of the Eritrea/Yemen arbitration (the Second Phase), 40 ILM (2001), 983-1013. 
Concerning the commentary on this arbitration, see Y. T a n a k a , Reflections on the Eritrea/Yemen 
Arbitration of 17 December 1999 (Second Phase: Maritime Delimitation), 48 NILR (2001), 197-225. 

83

  The Eritrea/Yemen arbitration (the Second Phase), op. cit., note 82, 1005, para. 131. 
84

  Ibid., para. 132. 
85

  ICJ Reports 2001, 91, para. 167. It should be noted that both Parties agree that most of the pro-
visions of the 1982 Convention which are relevant for the present case reflect customary law. Ibid. 

86

  Ibid., 94, para. 176. 
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cable to a single maritime boundary, it should be recalled that customary law was 
applicable in the northern sector. Referring to the approach taken by the 
Greenland/Jan Mayen case, i.e., the corrective-equity approach, the Court in the 
Qatar/Bahrain case clearly stated that it would follow the same approach in the 
present case.

87

 In this regard, it is important to note that in the area where a single 
maritime boundary was to be drawn, “the coasts of the two States [were] rather 
comparable to adjacent coasts”.

88

 Accordingly, the ICJ explicitly accepted, for the 
first time in the case law of the Court, the applicability of the corrective-equity ap-
proach as customary law in the delimitation between States with adjacent coasts.

89

 
Moreover, the Court noted that:  

[T]he equidistance/special circumstances rule, which is applicable in particular to the 
delimitation of the territorial sea, and the equitable principles/relevant circumstances 
rule, as it has been developed since 1958 in case law and State practice with regard to the 
delimitation of the continental shelf and the exclusive economic zone, are closely interre-
lated.

90

  

This appears to suggest assimilation between the law applicable to a territorial 
sea delimitation and a single maritime boundary delimitation. 

The ICJ, in the Cameroon/Nigeria case, broke new ground by applying the cor-
rective-equity approach under Articles 74 and 83 of the LOSC. With respect to the 
law applicable to the maritime delimitation, both Cameroon and Nigeria were Par-
ties to the LOSC.

91

 Accordingly, the relevant provision, in particular Articles 74 
and 83 of the Convention, was applicable to the maritime delimitation.

92

 In this re-
gard, the Court took the following interpretation: 

They are expressed in the so-called equitable principles/relevant circumstances 
method. This method, which is very similar to the equidistance/special circumstances 
method applicable in delimitation of the territorial sea, involves first drawing an equidis-
tance line, then considering whether there are factors calling for the adjustment or shift-
ing of that line in order to achieve an “equitable result”.

93

 

On the basis of the Greenland/Jan Mayen and Qatar/Bahrain cases where the 
corrective-equity approach was applied, the Court explicitly stated that it would 
“apply the same method in the present case”.

94

 Hence, the corrective-equity ap-
proach was applied in the Cameroon/Nigeria case. It is worth noting that the 
                                                        

87

  Ibid., 111, para. 230. In this regard, the Court held that “it will first provisionally draw an equi-
distance line and then consider whether there are circumstances which must lead to an adjustment of 
that line”. Ibid. 

88

  Ibid., 91, para. 170. 
89

  Y. T a n a k a , Reflections on Maritime Delimitation in the Qatar/Bahrain Case, 52 ICLQ 
(2003), 76-77. 

90

  ICJ Reports 2001, 111, para. 231. 
91

  Cameroon ratified the UN Convention on the Law of the Sea on 19 November 1985 and Nige-
ria ratified the Convention on 14 August 1986. 

92

  Judgment, ICJ Reports 2002, 440, para. 285. See also Memorial of Cameroon, 533-34, para. 5.75-
5.78; argument by Mr K a m t o , Verbatim Record, CR 2002/22, 43, para. 24. 

93

  The Judgment, ICJ Reports 2002, 441, para. 288. 
94

  Ibid., 442, para. 290. 
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Court applied the corrective-equity approach under Articles 74 and 83 of the 
LOSC.

95

 According to the Court’s interpretation, a specific method, i.e. the equi-
distance method, should be incorporated into Articles 74 and 83.  

3. Two Arbitral Awards in 2006 and 2007 

The corrective-equity approach was also applied by the Barbados/Trinidad and 
Tobago arbitration of 2006 and the Guyana/Suriname arbitration of 2007. In the 
Barbados/Trinidad and Tobago arbitration, the Arbitral Tribunal ruled:  

The determination of the line of delimitation thus normally follows a two-step ap-
proach. First, a provisional line of equidistance is posited as a hypothesis and a practical 
starting point. While a convenient starting point, equidistance alone will in many circum-
stances not ensure an equitable result in the light of the peculiarities of each specific case. 
The second step accordingly requires the examination of this provisional line in the light 
of relevant circumstances, which are case specific, so as to determine whether it is neces-
sary to adjust the provisional equidistance line in order to achieve an equitable result.

96

  

In relation to this, the Arbitral Tribunal stated that: “While no method of de-
limitation can be considered of and by itself compulsory, and no court or tribunal 
has so held, the need to avoid subjective determinations requires that the method 
used start with a measure of certainty that equidistance positively ensures, subject 
to its subsequent correction if justified.”

97

 The first part of this sentence does not 
coincide with the previous case law because the ICJ confirmed the application of 
the equidistance method at the first stage of the delimitation process under Articles 
74 and 83 of the LOSC as well as customary law. To this extent, it would appear 
that the Barbados/Trinidad and Tobago award was still affected by the result-
oriented-equity approach advocated in case law at the early stage. Even so, it is 
worth noting that the Arbitral Tribunal adopted the corrective-equity approach in 
the operation of maritime delimitation.  

 The Guyana/Suriname arbitration of 2007 reflected the corrective-equity ap-
proach more clearly. With respect to the law applicable to the delimitation of the 
territorial seas, the Tribunal ruled that Article 15 of the Convention places primacy 
on the median line as the delimitation line between the territorial seas between op-
posite or adjacent States.

98

 The Tribunal then examined special circumstances 

                                                        
95

  Y. T a n a k a , Reflections on Maritime Delimitation in the Cameroon/Nigeria Case, 53 ICLQ 
(2004), 388-390. 

96

  The Barbados/Trinidad and Tobago arbitration, para. 242. The text of the Award is available at 
the home page of the Permanent Court of Arbitration. <http://www/pca-cpa.org>. For an overview of 
this award, see Y. T a n a k a , Award of the Arbitral Tribunal Constituted Pursuant to Article 287, and 
in Accordance with Annex VII, of the UN Convention on the Law of the Sea: the Barbados and the 
Trinidad and Tobago Case (11 April 2006), 21 IJMCL (2006), 523-534; B. K w i a t k o w s k a , The 2006 
Barbados/Trinidad and Tobago Award: a Landmark in Compulsory Jurisdiction and Equitable Mari-
time Boundary Delimitation, 22 IJMCL (2007), 7-60. 

97

  The Barbados/Trinidad and Tobago arbitration, op. cit., note 96, para. 306. 
98

  The Guyana/Suriname arbitration, op. cit., note 1, 93, para. 296. 
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which might require the adjustment of the equidistance line, and ruled that special 
circumstances of navigation may justify deviation from the median (equidistance) 
line. The delimitation of the continental shelf and EEZ in the present case is gov-
erned by Articles 74 and 83 of the LOSC. In this respect, the Tribunal ruled that: 

In the course of the last two decades international courts and tribunals dealing with 
disputes concerning the delimitation of the continental shelf and the exclusive economic 
zone have come to embrace a clear role for equidistance.

99

 

The Tribunal further stated that in addition to maritime delimitation between 
opposite coasts, the presumption in favour of equidistance applied in maritime de-
limitations between States with adjacent coasts.

100

 Thus the Tribunal took the cor-
rective-equity approach, by stating that: 

The case law of the International Court of Justice and arbitral jurisprudence as well as 
State practice are at one in holding that the delimitation process should, in appropriate 
cases, begin by positing a provisional equidistance line which may be adjusted in the 
light of relevant circumstances in order to achieve an equitable solution. The Tribunal 
will follow this method in the present case.

101

 

Having examined whether there were relevant circumstances which might jus-
tify departure from the provisional equidistance line, the Arbitral Tribunal held 
that there were no such circumstances. The Tribunal therefore concluded that the 
equidistance line should be the delimitation line of the continental shelf and the 
EEZ between the Parties.

102

  

4. Summary 

In summary, it may be observed that in broad perspective, the law of maritime 
delimitation has developed from the co-existence of the two approaches toward the 
unification of the corrective-equity approach. The unification of the law can be 
seen at four levels:

103

  
(i) The interpretation of treaties: the unification of the interpretation of Article 6 of the 

1958 Geneva Convention on the Continental Shelf and that of Article 83 of the 1982 
LOSC; 

(ii) Sources of the law: the unification between customary law and treaty law in the 
field of maritime delimitation; 

(iii) Maritime spaces: the unification of the law applicable to the delimitation of the 
territorial sea, the continental shelf and the EEZ. 

(iv) The configuration of the coast: the unification of the law applicable to delimitation 
between States with adjacent coasts, and those with opposite coasts. 

                                                        
 
99

  Ibid., 108, para. 335. 
100

  Ibid., 109, para. 338. 
101

  Ibid., 110, para. 342. 
102

  Ibid., 127, para. 392.  
103

  Y. T a n a k a , Quelques observations sur deux approches jurisprudentielles en droit de la déli-
mitation maritime: l’affrontement entre prévisibilité et flexibilité, Revue Belge de Droit International 
(2004), 454. See also A n d e r s o n , op. cit., note 54, 3209. 
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The unification of the law of maritime delimitation under the corrective-equity 
approach would be significant with a view to enhancing the normative level of the 
law of maritime delimitation. Indeed, from a normative viewpoint, the result-
oriented-equity approach is problematic for three main reasons.

104

 
The first problem is its excessive subjectivity. Without any objective criteria for 

judging equitableness, the result-oriented equity approach runs the risk of produc-
ing legal impressionism. An unlimited discretion for the Court would lead not 
only to a fragmentation of the law of maritime delimitation, but would also equate 
the result of its application with a decision ex aequo et bono.  

The second problem is unpredictability. With the result-oriented approach, it is 
the specific factors characterising any given individual situation which define the 
equitable result. Consequently, the appreciation of equity is defined by each of the 
factors of any given case and this makes it difficult to form predictable rules of 
maritime delimitation. This is contrary to an essential requirement of law: certainty 
and predictability. As an essential condition, the law of maritime delimitation 
should have a degree of predictability beyond the reliance on the particular cir-
cumstances of each case. Over-individualisation prevents this by undermining the 
certainty and predictability of law.

105

  
Third, the result-oriented equity approach is nothing but a truism.

106

 The prob-
lem is that of determining which rules of international law should be applied in or-
der to achieve an equitable result.

107

 In fact, the point disputed between the Parties 
is the concrete method to be applied for maritime delimitations. According to the 
result-oriented equity approach, however, such criteria and methods are consid-
ered as outside the realm of law. In sum, because of its excessive subjectivity and 
unpredictability, the result-oriented equity approach carries the danger of under-
mining the normativity of the law of maritime delimitation.

108

  
By contrast, the important advantage of the corrective-equity approach is that it 

has a certain degree of predictability by incorporating a specific method of delimi-
tation, i.e., the equidistance method, into the legal domain. According to the cor-
rective-equity approach, a consideration of equity may come into play at a second 
stage, but only in cases in which equidistance lines provisionally drawn produce 

                                                        
104

  T a n a k a , op. cit., note 3, 123-125. 
105

  It is of particular interest to note that in the Libya/Malta case, Malta argued that “an excessive 
individualisation of the rule of law, which changes from one case to another, would be incompatible 
with the very concept of law”. Pleadings, Vol. II, 293, para. 111. 

106

  According to Judge O d a , the equitable principles under this approach are merely “the princi-
ple of non-principle”, Dissenting Opinion of Judge O d a  in the Tunisia/Libya case, ICJ Reports 1982, 
157, para. 1. 

107

  Ibid., 255, para. 155. 
108

  P. W e i l , Perspective du droit de la délimitation maritime, Paris 1988, 174-75. See also by the 
same author, Le droit international en quête de son identité, Cours général de droit international pu-
blic, 237 RCADI (1992), 245-60; and L’équité dans la jurisprudence de la Cour internationale de Jus-
tice: Un mystère en voie de dissipation?, in: V. Lowe/M. Fitzmaurice (eds.), Fifty Years of the Interna-
tional Court of Justice, Essays in Honour of Sir Robert Jennings, Cambridge 1996, 121-44. 
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inequitable results. To this extent, the corrective-equity approach makes it possible 
to reduce the subjectivity and unpredictability of equitable principles. 

IV. Questions Concerning the Court’s View on the 
 Equidistance Method in the Nicaragua/Honduras Case 

A. The Court’s View Concerning Instability of 
 Basepoints 

Although the ICJ, in the Nicaragua/Honduras dispute, applied the equidistance 
method to delimitation around the islands in the disputed area, the Court pre-
cluded the application of this method in delimitation of the other overlapping area. 
In so doing, the Court took the view that the application of the equidistance 
method at the first stage of maritime delimitations is not obligatory, even though 
“equidistance remains the general rule”.

109

 As explained earlier, an essential reason 
for rejecting the use of the equidistance method in the Nicaragua/Honduras judg-
ment related to the instability of the basepoints. Accordingly, a question arises 
whether or not this can be a decisive reason to exclude the equidistance method in 
the process of maritime delimitation. In this regard, it would appear that the ma-
jority opinion is not free from controversy. 

First, as suggested by Judge R a n j e v a  and Judge ad hoc T o r r e s  B e r n á r d e z , 
it would appear that the difficulty in the instability of basepoints is not insur-
mountable.

110

 In fact, during the oral proceedings, Honduras showed its provi-
sional equidistance line.

111

 Similarly, in relation to the seaward starting point, Nica-
ragua argued that: “The proposed starting line would be located at a point along 
that median line direction situated 3 nautical miles out to sea from the mouth of 
the Coco River.”

112

 In its Reply, Nicaragua further explained that: “This point […] 
represents an approximate median line and the sector produced by this method is 
coincident with the alignment resulting from the bisector method […].”

113

 It would 
seem to follow that the seaward fixed starting-point proposed by Nicaragua arose 
from the application of the equidistance method. In fact, Nicaragua attached an il-

                                                        
109

  Judgment, op. cit., note 2, 77, para. 281. 
110

  Separate Opinion of Judge R a n j e v a  in the Nicaragua/Honduras case, ibid., 3, para. 10 (elec-
tronic text); Dissenting Opinion of Judge T o r r e s  B e r n á r d e z , ibid., 30, para. 128. 

111

  Argument by Mr C o l s o n , Verbatim Record, CR 2007/10, 24-28, paras. 123-141. The equidis-
tance line proposed by Honduras was constructed on the basis of Bobel Cay, Port Royal Cay and 
South Cay on the Honduran side, and Edinburgh Cay and Edinburgh Reef on the Nicaraguan side. 
The first segment of the provisional equidistance line extends in an east-south-east direction from the 
mainland to a point which is a trijunction point that is equally distant from Bobel Cay, Edinburgh 
Cay and the point fixed by the 1962 Mixed Commission, ibid., 25, para. 127 and 26, para. 132. See also 
Judgment, op. cit., note 2, 75, para. 276; 78, para. 285. 
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  Memorial submitted by Nicaragua, Vol. I, 83, para. 23.  
113

  Reply of Nicaragua, 197, para. 10.5. 

http://www.zaoerv.de/

© 2008, Max-Planck-Institut für ausländisches öffentliches Recht und Völkerrecht

Annex IN-33



  Reflections on Maritime Delimitation in the Nicaragua/Honduras Case 925 

ZaöRV 68 (2008) 

lustration identifying an approximate median line in its Memorial.
114

 During the 
oral proceedings, Nicaragua also showed its provisional median line dividing Nica-
raguan and Honduran waters.

115

 Hence it appeared to be possible to draw a provi-
sional equidistance line in the Nicaragua/Honduras case.  

Second, it must be noted that Article 7 (2) of the LOSC does envisage the prob-
lem of shifting coastlines:

116

 
Where because of the presence of a delta and other natural conditions the coastline is 

highly unstable, the appropriate points may be selected along the furthest seaward extent 
of the low-water line and, notwithstanding subsequent regression of the low-water line, 
the straight baselines shall remain effective until changed by the coastal State in accor-
dance with this Convention.  

Where, as the Court stated, the configuration of the coastlines of Nicaragua and 
Honduras is highly unstable, it appears that Article 7 (2) would have provided a 
solution for identifying reliable basepoints.

117

 This provision explicitly recognizes 
that the straight baselines remain effective notwithstanding changes in the coast-
line. It would follow that a delimitation line on the basis of the baselines shall also 
remain effective. 

Third, the impact of changes in coastline upon maritime boundaries should not 
be exaggerated. In reality, the configuration of coastlines is more or less changeable 
owing to erosion, accretion, and sea-level rise resulting from global warming. Con-
sidering the requirement for stability of maritime boundaries, however, it is argu-
able that in principle, changes in basepoints or baselines resulting from natural 
causes will not affect maritime boundaries already established between States con-
cerned, unless those States agree otherwise.

118

 It must also be remembered that un-

                                                        
114

  Memorial submitted by Nicaragua, 197. 
115

  Argument by Mr B r o w n l i e , Verbatim Record, CR 2007/12, 45, paras. 28-30. 
116

  Separate Opinion of Judge R a n j e v a  in the Nicaragua/Honduras case, op. cit., note 2, 2, para. 
7. See also Dissenting Opinion of Judge T o r r e s  B e r n á r d e z , ibid., 30, para. 131. With respect to 
Article 7 (2) of the LOSC, see S. M c D o n a l d /V. P r e s c o t t , Baselines along Unstable Coasts: An 
Interpretation of Article 7 (2), 8 Ocean Yearbook (1990), 70-89; V. P r e s c o t t / E. B i r d , The Influ-
ence of Rising Sea Levels on Baselines from Which National Maritime Claims are Measured and an 
Assessment of the Possibility of Applying Article 7 (2) of the 1982 Convention on the Law of the Sea 
to Offset Any Retreat of the Baseline, International Boundaries and Boundary Conflict Resolution, 
Proceedings of the IBRU Conference held at the University of Durham 14-17 September 1989 (Inter-
national Boundaries Research Unit, University of Durham, 1989), 279-300.  

117

  Dissenting Opinion of Judge T o r r e s  B e r n á r d e z  in the Nicaragua/Honduras case, op. cit., 
note 2, 30, para. 131; 36, para. 161. 

118

  Professor S o o n s  has examined the question whether changes in basepoints or baselines result-
ing from sea level rise may affect existing maritime boundaries, and answered in the negative. A.H.A. 
S o o n s , The Effects of a Rising Sea Level on Maritime Limits and Boundaries, 37 NILR (1990), 226-
229. The answer will be the same with respect to changes in basepoints resulting from erosion or ac-
cretion. In practice, for instance, Article 3 (3) of the 2000 Agreement on the Delimitation of the Terri-
torial Sea, Exclusive Economic Zone and Continental Shelf in the Beibu Gulf (Gulf of Tonkin) be-
tween the People’s Republic of China and the Socialist Republic of Vietnam makes clear that no to-
pographical change shall change the demarcation line for the territorial seas of the two countries unless 
otherwise agreed by the Parties. For the text of the Agreement, see C o l s o n / S m i t h , op. cit., note 
54, 3755-3758. 
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der Article 62 (2) of the Vienna Convention on the Law of Treaties, treaties estab-
lishing a boundary – which must be deemed to include treaties establishing mari-
time boundaries – are excluded from invocation of a fundamental change of cir-
cumstances.

119

 For the same reasons, boundaries established through international 
adjudication will not be affected by subsequent changes in the configuration of the 
coasts.

120

  
Fourth, the Court appeared to consider that an equidistance line may automati-

cally become “arbitrary and unreasonable” if the location of the basepoints was 
changed because of the shift of coastlines. If this is the case, the equitableness of an 
equidistance line will rely solely on the choice of the basepoints. However, it 
should be noted that the equitableness of a provisional equidistance line must be 
envisaged by taking all relevant circumstances into account. Having constructed a 
provisional equidistance line, the international courts and tribunals are required to 
examine whether there are any circumstances which necessitate its adjustment. 
Where an equidistance line was established as a maritime boundary by interna-
tional courts and tribunals, the line was considered as equitable in relation to all 
relevant circumstances. Should an equidistance line today be equitable with regard 
to all relevant circumstances, it is arguable that the shift of coastlines alone will not 
a u t o m a t i c a l l y  make the equidistance line inequitable.

121

  
 Fifth, the Court stated that “the pair of base points to be identified on either 

bank of the River Coco at the tip of the Cape would assume a considerable domi-
nance in constructing an equidistance line”.

122

 However, as Judges R a n j e v a  and 
T o r r e s  B e r n á r d e z  pointed out, it is inconceivable that the use of a single pair 
of base points would become an obstacle requiring a complete rejection of the ap-
plication of the equidistance line.

123

 In fact, the Court, in the Cameroon/Nigeria 
case, constructed the equidistance line on the basis of only two points of the mouth 
of the Akwayafe and Cross Rivers, West Point and East Point, as determined on 
the 1994 edition of British Admiralty Chart 3433.

124

 Accordingly, it may be argued 
that the limited number of base points cannot be a decisive factor for one to dis-
card the application of the equidistance line at the first stage of maritime delimita-
tion.  

                                                        
119

  S o o n s , op. cit., note 118, 228.  
120

  Ibid., 229.  
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  I am obliged to Professor Hugh T h i r l w a y  for drawing my attention to this point.  
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  Judgment, op. cit., note 2, 75, para. 277. 
123

  Separate Opinion of Judge R a n j e v a  in the Nicaragua/Honduras case, ibid., 3-4, para. 10; Dis-
senting Opinion of Judge T o r r e s  B e r n á r d e z , ibid., 30, para. 132. See also Argument by Mr 
Q u é n e u d e c , Verbatim Record, CR 2007/14, 24-29, paras. 1-25. 
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  ICJ Reports 2002, 443, para. 292. 
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B. Inter-Linkage between Legal Title and the Delimitation Method 

The next issue relates to whether the equidistance method should be applied at 
the first stage of maritime delimitations as a legal obligation. In this respect, the 
Court, in the Nicaragua/Honduras case, ruled that:  

[T]he equidistance method does not automatically have priority over other methods of 
delimitation and, in particular circumstances, there may be factors which make the appli-
cation of the equidistance method inappropriate.

125

  

However, it would appear that this view is not free from controversy. The issue 
should be examined in connection with the legal title over marine spaces. The 
Libya/Malta case concerning the delimitation of the continental shelf provides an 
important insight into this. In this case, the full Court made two important points.  

First, the Court accepted that the distance criterion constitutes the common le-
gal title for both the continental shelf and the EEZ. In the Court’s view, 

[T]he institution of the exclusive economic zone, with its rule on entitlement by rea-
son of distance, is shown by the practice of States to have become a part of customary 
law. […] Although there can be a continental shelf where there is no exclusive economic 
zone, there cannot be an exclusive economic zone without a corresponding continental 
shelf. It follows that for juridical and practical reasons, the distance criterion must now 
apply to the continental shelf as well as the exclusive economic zone.

126

 

Accordingly, “at least in so far as those areas are situated at a distance of under 
200 miles from the coasts in question, title depends solely on the distance from the 
coasts of the claimant States of any areas of sea-bed claimed by way of continental 
shelf”.

127

 
Second, the Court supported the existence of a link between the legal title and a 

method of delimitation by saying that: 
The criterion is linked with the law relating to a State’s legal title to the continental 

shelf. [...] It therefore seems logical to the Court that the choice of the criterion and the 
method which it is to employ in the first place to arrive at a provisional result should be 
made in a manner consistent with the concepts underlying the attribution of legal title.

128

 

For the Court,  
[T]he legal basis of that which is to be delimited cannot be other than pertinent to the 

delimitation.
129

 

Having examined the equities of the distance criterion and of the results of its 
application, the Court affirmed the validity of the approach consisting in tracing a 
median line at the provisional stage.

130
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 In the present writer’s view, as the Court itself ruled, there seems to be a general 
sense that the method of delimitation should be connected to the legal title. For in-
stance, W e i l  explicitly advanced the view, by saying that:  

[I]l est tout aussi évident, faut-il le rappeler, que la délimitation est étroitement liée à la 
base juridique du titre. La délimitation ne peut pas être comprise en dehors du titre; elle 
est fille du titre.

131

  

L u c c h i n i  and V o e l c k e l  echoed this view, by stating that:  
Le titre est, en effet, l’élément fondamental de base. La délimitation ne peut avoir lieu 

qu’à partir de lui et en s’appuyant sur lui.
132

 

Since the legal title over maritime spaces is attributed by virtue of distance, it is 
logical that the method of delimitation should reflect this element. The criterion of 
distance is spatial in nature. Equidistance is the only method which reflects the 
spatial nature of the distance criterion, for it comes nearest to an equal division of 
overlapping area by relying on the distance from the coasts.

133

 Should a method of 
delimitation be combined with the distance criterion, it is arguable that the equidis-
tance method should logically be singled out. Currently, as the Court ruled in the 
Libya/Malta case, there is no doubt that the distance criterion as the common legal 
title for the continental shelf and the EEZ has become customary law. Where the 
legal title based on the distance criterion reflects customary law, the method de-
rived from the legal title would also have a customary nature. Hence, in the present 
writer’s opinion, much can be said for the view that the equidistance method 
should be regarded as an obligatory method at the first stage of maritime delimita-
tions.  

V. Questions Concerning the Validity of the Bisector Method 

The next issue which needs to be discussed is the validity of the bisector method 
adopted in the Honduras/Nicaragua case. In this regard, three questions should be 
highlighted. 

A. Consistency with the Previous Case Law 

The first question pertains to a consistency with the previous case law concern-
ing the use of the bisector method. The Court stated that in instances where any 

                                                        
131

  W e i l , op. cit., note 108, 53. The translation by M a c G l a s h a n , which differs slightly from 
the original text, is as follows: “[I]t must be remembered that delimitation is nonetheless closely linked 
with the legal basis of title. Delimitation cannot be understood without title, which lies at its very 
heart.” P. W e i l , The Law of Maritime Delimitation – Reflections, translated by M. M a c G l a s h a n , 
Cambridge 1989, 48-49. 

132

  L. L u c c h i n i /M. V o e l k e l , Droit de la mer, Tome 2, Délimitation, Navigation et Pêche, 
Vol. I, Délimitation, Paris 1996, 211.  
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  W e i l , op. cit., note 108, 53, 86. 
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basepoints that could be determined by the Court are inherently unstable, the bi-
sector method may be seen as an approximation of the equidistance method. Ac-
cording to the Court, 

This was the situation in the case concerning the Continental Shelf (Tunisia/Libyan 
Arab Jamahiriya), where equidistance could not be used for the second segment of the 
delimitation because the segment was to begin at a point not on any possible equidis-
tance line. The Court there used a bisector to approximate the northerly change in direc-
tion of the Tunisian coast beginning in the Gulf of Gabes (ICJ Reports 1982, 94, para. 
133 C (3)). The Chamber of the Court in the Gulf of Maine case also used a bisector of 
the Gulf-facing mainland because it deemed the small islands in the Gulf unsuitable for 
use as base points and because the first segment of the delimitation was to begin at 
“Point A”, which was also off any equidistance line. The Arbitral Tribunal in the 1985 
Delimitation of the maritime boundary between Guinea and Guinea-Bissau case drew a 
perpendicular (the bisector of a 180º angle) to a line drawn from Almadies Point (Sene-
gal) to Cape Shilling (Sierra Leone) to approximate the general direction of the coast of 
“the whole of West Africa”. The Tribunal considered this approach, rather than equidis-
tance, necessary in order to effect an equitable delimitation that had to be “integrated 
into the present or future delimitations of the region as a whole” (International Law Re-
ports, Vol. 77, 683-684, para. 108).

134

 

Nonetheless it appears questionable whether these cases quoted in the above 
paragraph could provide proper precedents with respect to the bisector method.  

 First, in the Tunisia/Libya case, the Court drew a line bisecting the angle be-
tween the line of the Tunisian coast (42°) and the line along the seaward coast of 
the Tunisian Islands of Kerkennah (62°). Consequently, the line of delimitation in 
the second sector runs at an angle of 52° to the meridian. In so doing, however, the 
Court purported to give the Kerkennah Islands a “half-effect”. The Court’s view 
in this matter is worth quoting: 

The Court would recall however that a number of examples are to be found in State 
practice of delimitations in which only partial effect has been given to islands situated 
close to the coast. […] One possible technique for this purpose, in the context of a geo-
metrical method of delimitation, is that of the “half-effect” or “half-angle”. Briefly, the 
technique involves drawing two delimitation lines, one giving to the island the full effect 
attributed to it by the delimitation method in use and the other disregarding the island 
totally, as though it did not exist. The delimitation line actually adopted is then drawn 
between the first two lines, either in such a way as to divide equally the area between 
them, or as bisector of the angle which they make with each other, or possibly by treat-
ing the island as displaced toward the mainland by half its actual distance therefrom. 
Taking into account the position of the Kerkennah Islands, and the low-tide elevations 
around them, the Court considers that it should go so far as to attribute to the Island a 
“half-effect” of a similar kind.

135

 

Thus the purpose of drawing a bisecting line in the Tunisia/Libya case totally 
differs from the aim of the bisector line in the Nicaragua/Honduras case. In rela-
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  Judgment, op. cit., note 2, 78-79, para. 288. 
135
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tion to this, it has to be stressed that in the Tunisia/Libya case, the bisecting line 
was drawn between two lines along the seaward coasts of the same State, i.e. Tuni-
sia,

136

 while the bisector method in the Nicaragua/Honduras case concerns the 
coastlines of two States. It must also be noted that the Tunisia/Libya case is not an 
instance where any basepoints that could be determined by the Court are inher-
ently unstable. Accordingly, it may be said that the Tunisia/Libya case does not 
provide a proper precedent in this matter. 

 Second, in the Gulf of Maine case between the United States and Canada, the 
primary reason for renouncing the equidistance method was the difficulty of the 
persistent uncertainty as to sovereignty over Machias Seal Island and the Parties’ 
choice of point A as the obligatory point of departure for the delimitation line.

137

 
In the Nicaragua/Honduras case, however, no similar factors existed. In fact, the 
Court resolved the question concerning territorial sovereignty over the disputed 
islands before proceeding with maritime delimitation. While the Court made no 
finding as to sovereign title over islands in the mouth of the River Coco because of 
the changing condition of the area,

138

 it is inconceivable that this could be a decisive 
reason to renounce the equidistance method. It must also be noted that the bisector 
method adopted in the Gulf of Maine case differs from the method used in the 
Nicaragua/Honduras case. In the Gulf of Maine case, the Parties had already se-
lected point A as the obligatory point of departure for the delimitation line. Hence 
the Chamber of the ICJ drew from point A two lines respectively perpendicular to 
the two basic coastal lines, that is to say, the line from Cape Elizabeth to the inter-
national boundary terminus and the line from that latter point to Cape Sable. At 
point A, these perpendiculars form a reflex angle of about 278°. The Chamber 
drew a line bisecting the reflex angle as the delimitation line in the first segment.

139

 
In short, an obligatory starting point A played a primordial role in drawing the bi-
sector line. Conversely, in the Nicaragua/Honduras case, a starting point of the de-
limitation line was determined by the Court after it drew a bisector line, and the 
point played no role in drawing the bisector line. Given these differences, it ap-
pears doubtful whether the Gulf of Maine case provides a proper precedent in rela-
tion to the bisector method.  

In relation to this, it will be recalled that in the Guyana/Suriname arbitration, 
Suriname urged the Arbitral Tribunal to use the bisector method on the basis of 
the Tunisia/Libya, Gulf of Maine and St. Pierre and Miquelon cases. According to 
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  It will be recalled that the line of 52° in the second zone was criticised by Judge O d a  because 
this line completely neglects the Libyan coastline by relying solely on the Tunisian coast. Dissenting 
Opinion of Judge O d a , ibid., 268-269, para. 179. K o l b  also criticised the judgment on this point. 
K o l b , op. cit., note 23, 194. See also L.L. H e r m a n , The Court Giveth and the Court Taketh Away: 
An Analysis of the Tunisia-Libya Continental Shelf Case, 33 ICLQ (1984), 830. 

137

  ICJ Reports 1984, 332, para. 211. 
138

  Judgment, op. cit., note 2, 41, para. 145.  
139

  Concerning the construction of the single maritime boundary in the Gulf of Maine case, the 
following article is of particular interest: J. C o o p e r , Delimitation of the Maritime Boundary in the 
Gulf of Maine Area, 16 ODIL (1986), 59-90. 
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Suriname, the Gulf of Maine case provided the best example of the bisector 
method.

140

 Nonetheless, the Arbitral Tribunal clearly discarded the “angle bisector 
methodology”, by stating that: 

The Tribunal is bound to note that the coastlines at issue in these cited cases cannot be 
compared to the configuration of the relevant coastlines of Guyana and Suriname. For 
instance, the Gulf of Maine case where the angle bisector was utilised in the maritime de-
limitation between Canada and the United States bears little resemblance to the maritime 
area which is of concern in this delimitation. It seems to this Tribunal that the general 
configuration of the maritime area to be delimited does not present the type of geo-
graphical peculiarities which could lead the Tribunal to adopt a methodology at variance 
with that which has been practised by international courts and tribunals during the last 
two decades. Such peculiarities may, however, be taken into account as relevant circum-
stances, for the purpose, if necessary, of adjusting or shifting the provisional delimitation 
line.

141

 

It appears that the above view can also apply to the Nicaragua/Honduras case. 
 Third, the method used in the Guinea/Guinea-Bissau arbitration is not the bi-

sector method as used in the Nicaragua/Honduras case. As W e i l  correctly 
pointed out, “[t]he bisector method is possible only where two clearly distin-
guished coastlines form a sharply defined angle; otherwise it rests on artificially re-
constructed coastal directions”.

142

 Nonetheless, the Arbitral Tribunal, in the 
Guinea/Guinea-Bissau case, drew a grosso modo perpendicular line to a straight 
line joining Pointe des Almadies and Cape Shilling. Consequently, only one coast-
line is involved in the system of a line perpendicular to the general direction of the 
coast. A perpendicular line to the general direction of the coast is nothing but an 
equidistance line based on the coast thus simplified.

143

 In fact, G i d e l  regarded the 
perpendicular method as a special variant of the median line understood in its 
broad sense.

144

  
 It would follow from the above discussion that the Tunisia/Libya, Gulf of 

Maine and Guinea/Guinea-Bissau cases are not proper precedents for the bisector 
method used in the Nicaragua/Honduras judgment.  

                                                        
140

  The Guyana/Suriname arbitration, op. cit., note 1, 118-119, paras. 369-370. 
141

  Ibid., 120, para. 372. 
142

  W e i l , op. cit., note 131 (English version), 59. 
143

  K o l b , op. cit., note 23, 302.  
144

  G. G i d e l , Le droit international public de la mer: le temps de paix, Tome III, La mer territo-
riale et la zone contiguë, reprint, Paris 1981, 769. See also K o l b , op. cit., note 23, 302; C. C a r l e -
t o n /C. S c h o f i e l d , Developments in the Technical Determination of Maritime Space: Delimitation, 
Dispute Resolution, Geographical Information Systems and the Role of the Technical Expert, 3 Mari-
time Briefing (2002), (International Boundaries Research Unit), 20.  
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B. Lack of Scientific Methodology for Drawing General Direction of 
 a Coast 

A second question associated with the bisector method concerns the lack of a 
scientific method for identifying the general direction of coastlines.

145

 In selecting 
the relevant coastal front, the Court considered several options. A first option, 
which was the primary proposal of Nicaragua, was the coastal fronts running from 
Cape Gracias a Dios to the Guatemalan border for Honduras and to the Costa Ri-
can border for Nicaragua. The Court discarded this proposal because it would cut 
off a “significant” portion of Honduran territory falling north of this line.

146

 A sec-
ond option was the Cape Falso-Puta Gorda coast generating a bisector with an 
azimuth of 70° 54’. According to the Court, however, this coast is also inappropri-
ate since it is quite a short façade (some 100 km) from which to reflect a coastal 
front more than 100 nautical miles out to sea.

147

 A third option was a coastal front 
extending from Cape Camerón to Rio Grande generating a bisector with an azi-
muth of 64° 02’. In the Court’s view, this coastal front would also overcompensate 
since the line would run entirely over the Honduran mainland and thus would de-
prive the significant Honduran land mass lying between the sea and the line of any 
effect on the delimitation.

148

 In the end, the Court ruled that a Honduran coastal 
front running to Punta Patuca and a Nicaraguan coastal front running to Wouhnta 
were the relevant coasts for the purposes of drawing the bisector.

149

  
Nevertheless, the Court specified no ground with respect to the selection of 

relevant coasts. It would seem that the Court attempted to avoid coastal fronts that 
would cut off a “significant” portion of the territory of the Parties. However, the 
term “significant” is so vague as to be devoid of objective content. It can also be 
observed that the Court attempted to ensure a balance between the length of the 
coastal façade and the extent of the maritime area generated from the façade. Yet it 
appears highly difficult to find an objective criterion in this matter. The inescapable 
conclusion may be that the bisector method is subjective in the sense that the result 
is changeable depending on the subjective selection of the general direction of the 
coasts. In relation to this, it must be noted that the problem associated with the 
identification of a general direction of the coast was already raised in the Tuni-
sia/Libya and Guinea/Guinea-Bissau cases. In the Tunisia/Libya case, the ICJ 
drew a straight line drawn from the westernmost point of the Gulf of Gabes to Ras 
Kaboudia in order to identify the general direction of the Tunisia coast. However, 
Judge E v e n s e n  criticized the line on the grounds that it was drawn inland, some 
11 kilometres from the actual sea-coast. According to the learned Judge, this is a 

                                                        
145

  P r a t t , op. cit., note 2, 38. 
146

  Judgment, op. cit., note 2, 82, para. 295.  
147

  Ibid., para. 296. 
148

  Ibid., 81, para. 297. 
149

  Ibid., 81, para. 298. 
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refashioning of nature.
150

 In the Guinea/Guinea-Bissau case, the line representing 
the general direction of the coast cuts almost all the coast of Guinea-Bissau for 
nearly 350 kilometres and runs approximately 70 kilometres inside of the latter’s 
territory. Arguably the line departed radically from the actual sea-coast, and the 
problem of the refashioning of nature is more serious than in the Tunisia/Libya 
case.

151

  
Furthermore, considering that the coastlines of Nicaragua and Honduras are un-

stable, the line connecting two points on the coast is also subject to change with 
the passage of time. If this is the case, the question arises why a current bisector 
line between the general directions of two coastlines remains reasonable regardless 
of the change of coastlines, while an equidistance line so constructed today sud-
denly becomes unreasonable in the future.  

C. Lack of Legal Ground of the Bisector Method 

A third question pertains to the legal ground of the bisector method. In this re-
spect, Nicaragua advanced a variety of reasons, such as: (a) the method produces an 
effective reflection of the coastal relationships; (b) the bisector produces a result 
which constitutes an expression of the principle of equal division of the areas in 
dispute; (c) the bisector method has the virtue of compliance with the principle of 
non-encroachment; (d) it also prevents, as far as possible, any cut-off of the sea-
ward projection of the coast of either of the States concerned; and (e) the bisector 
method ensures “the exercise of the right to development of the Parties”.

152

 Nica-
ragua also referred to many relevant circumstances in order to demonstrate the eq-
uitable character of its own proposed bisector line.

153

 Nonetheless, the Court re-
fused to admit the pertinence of these factors. Indeed, the Court did not find them 
“legally determinative for the purposes of the delimitation to be effected”.

154

  
According to the Court, “the key elements are the geographical configuration of 

the coast, and the geomorphological features of the area where the endpoint of the 
land boundary is located”.

155

 Yet this does not seem to be a legal ground to justify 
the bisector method. It would seem that the bisector method was used merely for 
the purpose of convenience. 

                                                        
150

  ICJ Reports 1982, 303, para. 19. 
151

  E. D a v i d , La sentence arbitrale du 14 février 1985 sur la délimitation de la frontière maritime 
Guinée-Guinée Bissau, 31 AFDI (1985), 385; W e i l , op. cit., note 108, 238-239. 

152

  Judgment, op. cit., note 2, 79, para. 290. 
153

  Ibid., para. 291. The relevant circumstances include the incidence of natural resources, equitable 
access to the natural resources, the unitary character of the Nicaraguan Rise as a single geological and 
geomorphological feature, security considerations, and equitable access to the main navigable channel 
in the adjacent coastal areas. 

154

  Ibid., 80, para. 292. 
155

  Ibid. 
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VI. Conclusion 

It is significant that the ICJ peacefully settled the territorial and maritime de-
limitation dispute between Nicaragua and Honduras. With all due respect to the 
Court’s authority, a principal concern with the Nicaragua/Honduras judgment is 
that by rejecting the priority of the equidistance method at the first stage of mari-
time delimitations, this decision might undermine predictability of the law of mari-
time delimitation, and, thus, weaken the normativity of the law developed through 
jurisprudence. In light of the central importance of maritime delimitation in inter-
national law of the sea, it is desirable that rules governing them should be clear and 
predictable. As Judge S ø r e n s e n  stated in the North Sea Continental Shelf cases, 
there is good reason to argue that the rules of international law should be so 
framed and constructed as to reduce causes of disagreement and dispute to a mini-
mum. The clearer the rule, and the more automatic its application, the less the 
seeds of discord that will be sown.

156

 It is also noteworthy that, in the Libya/Malta 
case, the ICJ itself stressed the importance of consistency and a degree of predict-
ability going beyond the circumstances of each case.

157

 By incorporating the equi-
distance method, the corrective-equity approach can enhance predictability as a re-
quirement of law in the international community.

158

 The corrective-equity ap-
proach developed by jurisprudence in this field may provide a useful criterion for 
limiting exaggerated unilateral claims by coastal States in an area where a maritime 
delimitation line is not yet drawn. Thus it will be necessary to maintain the unity 
of the law of maritime delimitation under the corrective-equity approach.

159

  

                                                        
156

  Dissenting Opinion of Judge ad hoc S ø r e n s e n , ICJ Reports 1969, 256. A k e h u r s t  also 
stated that: “Although it is desirable that rules of law should be just, it is perhaps even more desirable 
that they should be certain, clear and predictable”, M. A k e h u r s t , Equity and General Principles of 
Law, 25 ICLQ (1976), 809. 

157

  The Libya/Malta case, ICJ Reports 1985, 39, para. 45. 
158

  Cf. M. B e d j a o u i , L’“énigme” des “principes équitables” dans le droit des délimitations mari-
times, 17 Revista Española de Derecho Internacional (1990), 384. 

159

  In this regard, Judge G i l b e r t  G u i l l a u m e ’ s  view, as expressed in the Sixth Committee of 
the General Assembly of the United Nations, should be remembered: “[I]t is encouraging to note that 
the law of maritime delimitations, by means of these developments in the Court’s case law, has reached 
a new level of unity and certainty, whilst conserving the necessary flexibility. […] In all cases, the 
Court, as States also do, must first determine provisionally the equidistance line. It must then ask itself 
whether there are special or relevant circumstances requiring this line to be adjusted with a view to 
achieving equitable results.” (emphasis added) Speech by His Excellency Judge G i l b e r t  G u i l -
l a u m e , President of the International Court of Justice, to the Sixth Committee of the General As-
sembly of the United Nations, 31 October 2001, 10. 
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Source: Sketch-map No. 3 annexed to the Nicaragua/Honduras Judgment, ICJ 

Reports 2007, p. 82. 
 
Figure 1 
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Source: Sketch-map No. 5 annexed to the Nicaragua/Honduras Judgment, ICJ 

Reports 2007, p. 86. 
 
Figure 2 
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Source: Sketch-map No. 7 annexed to the Nicaragua/Honduras Judgment, ICJ 

Reports 2007, p. 91. 
 
Figure 3
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Annex IN-34 

Note Verbale from the Ministry of Foreign Affairs of Bangladesh to the High Commission of 

India, Notification under Article 287 and Annex VII, Article 1 of UNCLOS, 8 October 2009. 
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Annex IN-35 

Note Verbale from the Permanent Mission of Bangladesh to the Secretary-General of the 

United Nations, 29 October 2009. 
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Annex IN-36 

Note Verbale from the Ministry of External Affairs of India to the High Commission of 

Bangladesh, 6 November 2009. 
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a b s t r a c t

The Bengal fan is the largest submarine fan in the world that has formed as a result of high sediment

transport from the Himalaya by the GangaeBrahmaputra river system. The Himalaya was formed as

a result of the collision between the Eurasian and Indian plates. The initiation of this collision known as

“soft” collision occurred around 59 Ma, whereas, the major collision, known as “hard” collision took place

around 15 Ma ago. Prior to the collision, sediments into the Bay of Bengal were derived from the

northwest by relatively smaller river system like MahanadieGodavari. The switching of river systems

with time was not distinct but gradational. In the post- collision period, the sediment input from the NW

was masked in most instances because of rapid sediment supply from the Himalaya to the north. Pre-

collisional sediment dispersal pattern from the NW was largely affected by pre-existing basement high

known as 85 E Ridge; this ridge was submerged during the post-collisional period. Post-collisional

sediments are commonly referred to as the Bengal fan sediments and show huge accumulation along the

shelf and beyond. High resolution 2D seismic data acquired along a corridor covering the upper, middle

and distal parts of the present day active Bengal fan system indicates that the fan has prograded

southward with time because of continuously increasing sediment supply and has, therefore, masked the

effect of eustacy. The present day geometry of the fan shows a single active canyon and an associated

single active fan. The active channel shows typical meandering pattern that shifts laterally with time. The

seismic facies analysis indicates that both the pre- and post-collision basin has significant hydrocarbon

potential. The thermogenic model is best suited for modeling source rock maturity in the pre-collision

basin whereas both biogenic and thermogenic models best explain source rock maturity in the post-

collision, younger Bengal fan. The wedge out against the 85 E Ridge is considered to be one of

the important play types for hydrocarbon exploration in the deeper part of the basin. On the other hand,

the channel levee complexes and frontal splay/basin floor fan are the possible target areas for petroleum

exploration in relatively younger Bengal fan deposits.

� 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Submarine fan systems form the largest deep-water sediment

bodies near continental margins and the depositional history of

these sediments contains useful record of past land and marine

climate, sea level changes, local and regional tectonic activity.

Because of their huge sediment repository, very often, submarine

fans are known to be potential areas of hydrocarbon exploration

(Lopez, 2001). On the basis of tectonic setting, Shanmugam and

Moiola (1988) classified submarine fans into four types: (i) imma-

ture passive-margin fans (North Sea type); (ii) mature passive-

margin fans (Atlantic type); (iii) active-margin fans (Pacific type);

and (iv) mixed-setting fans (Bay of Bengal). Based on the sediment

supply, they can also be broadly divided into four types such as the

mud rich (Amazon fan, Flood et al., 1991), sand rich (Sierra Nevada,

California, Busby-Spera, 1985), mud-sand rich (California deep sea

basin fan, Normark, 1970) and gravel rich fans (Upper Jurassic

system in North Sea, Hurst et al., 2005)

The Bengal Fan is bordered by the Indian continental shelf in the

west, continental shelf of Bangladesh in the north and Sunda trench

in the east (Fig. 1). It is one of the largest submarine fans in the

world covering the entire Bay of Bengal from 20 N in 1400 mwater
* Corresponding author:
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depth to 7 S at 5000 m water depth over a NeS length of 3000 km

(Curray and Moore, 1971). Though some of the major rivers from

eastern India feed into the Bay of Bengal from the west, sediments

of the fan are largely contributed by the erosion of the Himalayas

and transported by the GangaeBrahmaputra River system (Curray

and Moore, 1971; Curray et al., 2003). Although soft collision

(Curray et al., 2003) between India and Asia can be considered as

the time of the initiation of the fan, the major sediment supply

started after the hard collision during Mid-Miocene which caused

continuous progradation of the Bengal fan southward. Detailed

seismic reflection and refraction studies as well as echo sounding

investigations in the Bengal Fan by several previous workers gave

rise to valuable information on the stratigraphic development,

sedimentation history of the fan as a whole (Curray and Moore,

1974; Curray et al., 1982, 2003) and evolution of channelelevee

system (Curray et al., 2003; Schwenk et al., 2003, 2005). The time of

initiation of the fan in the northern part is considered to be Early

Eocene (Curray, 1994) and the regional unconformity at Early

Eocene (55 Ma) is considered to differentiate between pre- and

post-collisional deposition. The timing of initiation of fan becomes

younger towards south pointing to progressive progradation of the

Bengal fan. However, an Early Miocene age for initiation of the fan

has been observed in southern part of the fan (Cochran, 1990). This

indicates that the possibility of deposition of fan sediments in Pre-

Miocene period in the northern proximal part of the fan cannot be

ruled out.

This paper presents results obtained from the analysis of high

resolution seismic data acquired along a corridor covering the

upper, middle and distal parts of the present day active Bengal fan

system (Fig. 1) to understand the development of the depositional

fairway in pre- to post-Bengal fan deposition. In addition, we

characterize different types of sediment flows for constructing the

Fig. 1. Tectonic map of Bay of Bengal and the adjoining regions (modified after Curray, 1991). Thick dashed line indicates the outline of Bengal Fan, E1eE6 and W1eW6 are channels

on either side of the active channel AV after Curray et al. (2003). The sub-division of Bengal Fan into upper, middle and lower fans from north to south is indicated with thick east-

west lines.
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paleogeography during Mio-Pliocene time. High-resolution multi-

beam bathymetry data has been used to reinterpret parts of the

present-day active channel system. Finally, the results of this study

have been integrated to explore the development of possible

petroleum system during pre- and post-collision history of the

Bengal fan.

2. Regional geologic setting

The Bengal fan covers the entire Bay of Bengal from 20 N to 7 S

over a length of 3000 km. The width of the fan varies between

1430 km at 15 N and 830 km at 6 N with an area of approximately

3!106 km2 excluding the area of Nicobar fan (Curray et al., 2003).

Towards north, the deepest sedimentary section of over 22 km is

observed below the Bangladesh shelf and the sediment thickness

progressively decreases towards south (Curray, 1994).

2.1. Morphology

The Bengal fan is fed by two major river systems Ganga and

Brahmaputra. The transfer of the sediments from the delta to the

fan is guided through a canyon deeply incised into the shelf; this

canyon has been referred to as the ‘Swatch of No Ground’ (Emmel

and Curray, 1985; Kudrass et al., 1998; Michels et al., 1998). The

head of the ‘Swatch of No Ground’ lies in about 38 m water depth,

and the canyon continues south for 160 km as a long, straight

trough to a depth of 1400 m, with an average gradient of 8.2 m/km.

High rates of deposition takes place at the inner end of the canyon

floor as sediments are trapped and mobilized by storms and tidal

currents (Kudrass et al., 1998). However, the supply of sediments to

the canyon has greatly reduced since the Holocene (Curray et al.,

2003). The sediments supplied through the active fan are depos-

ited in the deeper part in the abyssal plain through active channels.

However it is believed that at any point of time only a single

channel (consequently a single fan) was active. Considerable

amount of shifting of active canyon has also been observed (Curray

et al., 2003). Therefore, the present day geometry of the Bengal fan

is a collage of several subfans that were active during different

geological times. A regional scale map of the present day active

channel was presented by Curray et al. (2003). High resolution

multibeam bathymetry images along a segment of this active

channel system (Fig. 2) show highly meandering nature of the

channel along with a sharp bend of the active channel near 18 N.

Based on the present-day stratigraphic architecture and bathy-

metric (fan surface) gradient, the Bengal fan has been divided into

three sub-environments, the upper, middle and lower fan (Emmel

and Curray, 1985) (Fig. 2). The boundary between upper-middle

fans occurs approximately at 2250 m water depth while the

middle-lower fan boundary occurs at 2900 m. Considerable varia-

tion in grain size, structure and morphology of channel levee

complex is also observed in each of these three sub-divisions

(Curray and Moore, 1974).

2.2. Tectonic history

The tectono-stratigraphic succession as well as detailed marine

geophysical investigations in the Bengal Fan and the adjoining

margins gave considerable insight on the early rift-drift history,

India-Asia collision scenario, sedimentation and the growth of the

Bengal Fan as well as the formation of the 85 E and the Ninetyeast

ridges (Curray et al., 1982; Curray and Munasinghe, 1989, 1991;

Curray, 1994; Gopala Rao et al., 1997; Krishna, 2003; among many

Fig. 2. Multibeam bathymetry images along parts of active channel showing the meandering pattern of the active channel as well as major shift of the channel near 18 latitude.
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others). There were three main episodes in the disintegration of

Gondwana mainland (Storey, 1995), the initial rifting started in

early Jurassic time (180 Ma), the second stage occurred in early

Cretaceous (120 Ma) and the third stage occurred in late Cretaceous

time (92e100 Ma). The formation of crust beneath the Bengal fan

initiated during early Cretaceous with the separation of Antarctica

from India in a NWeSE direction. This orientation changed to NS

withmajor plate reorganization around 90e80 Ma (Klootwijk et al.,

1992). The basin is dissected by two almost NeS trending ridges

namely the 85 E and the Ninety east ridges that are believed to be

related to the Crozet and Kerguelen hotspots respectively (Curray

et al., 1982; Curray and Munasinghe, 1991). Of these, the 85 E

ridge, passing through the study area is now a completely buried

structure characterized by gravity low and complex magnetic

signature. The origin of this ridge is still enigmatic. Formation of

this ridge has been explained as the trace of a hotspot during the

time interval of 117e84 Ma (Curray and Munasinghe, 1991), as the

result of volcanism along a fissure/crack (Ramana et al., 1997), and

as an intraplate ridge that was part of and formed on an older

oceanic crust (Krishna, 2003).

During India’s northward drift, the initial “soft” collision

between India and Asia might have occurred around 59 Ma (Fig. 3)

and initiated the Himalayan uplift (Curray and Munasinghe, 1989).

The subsequent “hard” continent-continent collision of the Indian

plate with the Asian landmass resulted in the closing of the

marginal sea behind the Tethyan island arc at around 15 Ma

(Middle-Miocene) and initiated the main Himalayan orogeny. The

resultant topographic high associated with the Himalaya caused

significant increase in sediment supply (Alam et al., 2003). The

initiation of Bengal fan has been marked by a strong unconformity

that can be traced throughout the fan. This unconformity is

recognized as the PaleoceneeEocene hiatus by Curray et al. (2003)

and indicates a period of non-deposition that separates pre-Bengal

fan sediments from the Bengal fan sediments. Late Miocene

(w8 Ma) records the intraplate deformation of the oceanic litho-

sphere which is evident from the concentration of compressional

stresses related to the continuing collision of India and Asia

(Cloetingh and Wortel, 1985). Tertiary deposition in the Bengal Fan

was significantly influenced by the early Eocene Himalayan

orogeny, and continued through India/Asia plate collision to the

present day. As a result of this massive Tertiary sedimentary influx,

the Bengal Fan is recognized as the largest fan system in the world

(Curray et al., 2003).

3. Data

Hydrocarbon exploration during the last decade along the

eastern continental margin of India in both shallow and deep water

areas has resulted in the generation of a large volume of high-

quality 2D and 3D seismic data. In the present study, some of the

processed seismic sections covering the active channelelevee

system in the upper-to-lower fan sub-divisions of the Bengal fan

have been utilized. Available high-density seismic data is further

used to prepare isochronopach maps in order to understand the

main depositional fairway and its implication on the hydrocarbon

potential of the basin. In the absence of deep-water wells in Bay of

Bengal, correlation from shallow water wells has been extended to

the deeper part. The seismic stratigraphy approach has been

applied to examine the continuity of stratigraphic surfaces from

shallow to deep water. As studied by earlier workers (Catuneanu,

Fig. 3. Shows simplified lithostratigraphic column along with major tectonic events and the possible source and reservoir facies representing the study area.
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2008), all sequence boundaries present in deep water may or may

not be linked towards the shelf, but, deep-water processes cannot

be independent of the processes operated in the shelf. Therefore,

with proper understanding, such an attempt can be considered as

a good approximation to obtain information regarding deep-water

stratigraphy and processes.

4. Results and discussion

The interpretation presented in this section is made mainly

based on available 2-D and 3-D seismic data integrated with

regional tectono-stratigraphic information.

4.1. Depositional pattern

The isochronopach maps for the total sediment thickness in the

region (Fig. 4) show development of larger sediment accumulation

in the north and west part of the Bengal fan. However, this map

alone is not sufficient to discuss the depositional pattern in

different times, as multiple systems were active in the region

during the development of the basin. The river system from the

west (Mahanadi, Godavari as for example) wasmostly active during

pre-collisional period, whereas the rivers from north (Ganga,

Brahmaputra river system) was active from post Paleocene

onwards following the onset of “soft” collision. The regional seismic

section presented in Fig. 5 shows the onlapping of Bengal fan

derived sediments against the Mahanadi slope. However, from

zoomed part of the section, it seems that the onlap does not follow

one single surface (sharp separation between the two systems) as

there are times (in the post Eocene) during which the Mahanadi

Fig. 4. Sediment isopach (in time) map of the study area showing the total sediment

thickness. Note the thickness increment towards the north (marked as depoceneter)

and thickness reduction over the 85 E ridge and its offshoot as well as towards

Mahanadi shelf.

Fig. 5. Seismic section showing two systems that were active in different geological times. While river systems from west (Mahanadi and Godavari) were active during Pre-Eocene

time, the GangaeBrahmaputra dominated the Bengal fan system became active following the India-Asia collision. Major sequence boundaries related to tectonics are marked (see

text for details).
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slope also contributes sediments in the deeper basin. Despite the

contribution from west (Mahanadi), it can be stated with certainty

that sediment input after the “hard collision” is much higher from

NeS river system in comparison to Mahanadi. In addition, the

sediment dispersal pattern was also controlled by two major

tectonic events (i) the emplacement of 85 E Ridge, and (ii) collision

between Asian and Eurasian plates and uplift of Himalayas in the

north. In view of this, we discuss the sediment dispersal pattern

under the three broad divisions.

4.1.1. Pre-collision (>59 My)

Prior to soft collision (>59 My), no active depositional system

has been reported from north and the major sediment supply in

this part was mostly from west. The prevailing rivers Mahanadi,

and Godavari can be considered as major sediment source in

pre-collisional pre-Bengal fan time. The major tectonic event that

affected the sediment distribution during this period was the

emplacement of 85 E ridge (Fig. 6). Although the origin of this

ridge is a matter of debate, its presence as pre-existing basement

high significantly controls the depositional fairway for the

Paleogene sediments. However, as the 85 E ridge was not present

as a continuous structural high, minor sediment accumulation

has been observed towards the east of the ridge within the sub-

basin.

4.1.2. Between soft and hard collision (59 Mye15 My)

During this time, the Bengal fan system was initiated and the

sediment accumulation was mostly confined towards the northern

part. A very week depositional fairway can be observed from the

isochronopach map (Fig. 7a). The time slices in semblance volume

presented in Fig. 7b and c shows the development of channel

system from north which supplied the sediment further into the

deeper part of the basin.

4.1.3. Post-hard collision (<15 My)

The “hard” collision marks the rapid rise of Himalaya and

sediment supply increases manifold from this period onwards; the

depocenter was also shifted southward (Fig. 8a). Many chan-

nelelevee systems have been developed which transport the

sediment further into the abyssal plain forming splay deposits

beyond the toe of the slope. Typical sequence in the proximal part

of the fan shows vertical building of mud flow-splay-channel levee

deposits (Fig. 8b and c). The active channel levee system is formed

by erosion of inter channel lows with formation of HARP (High

Amplitude Reflection Pattern) deposits (Weber et al., 1997;

Schwenk et al., 2005). The levee is formed by overspilling of mud.

HARP is also observed at the base of the channel and referred as

splay/ frontal lobes in the study area.

4.2. Progradation of the Bengal fan with time

The scrutiny of available 2-D seismic lines from the present day

proximal, middle and distal fan reveals continuous progradation of

the Bengal fan with time. Fig. 9 shows three seismic lines that

provide the strike-view of available western deep-water Bengal Fan

sediments and is part of the present day upper fan. The Neogene

section is interpreted in the context of a prograding submarine fan

system, with a vertical change from unconfined distal lobe and fan

fringe deposits progressively overlain by channelized units, and

capped by a succession of very large channelelevee type systems.

Fig. 6. Sediment isopach (in time) map of the study area showing the pre- “soft collision” (Pre-Eocene) sediment thickness. Important to note the Cretaceous depocenter towards

west of the 85 E ridge, indicating that during this period ridge was acting as barrier for sediment supply towards east. The profiles (AeA0 and BeB0) shows prominent high

amplitude channel towards western basin of 85 E ridge which wedges out against the ridge. Also important to note the presence of restricted mini basin on either side of the ridge

which can be considered to have better source rock potential.
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The seismic lines in Fig. 10 provide a strike-section of western

part of the deep-water Bengal Fan Sediments in the present day

middle fan environment. The seismic sections record the pro-

gradation of the Bengal fan from lower to middle fan environ-

ments during the Neogene. The majority of the section in this area

corresponds to the lower fan environment, with channelelevee

height reduced considerably relative to the more proximal

sections described above. The majority of Paleogene section

consists of variable amplitude, continuous seismic facies with

increasing truncation of reflectors into the Pliocene. The seismic

lines in present day distal fan on the other hand records only

lower fan lobes (Fig. 11). The parallel high amplitude reflection

can be interpreted as occurrences of sheet sands in the frontal

lobe.

Conceptual paleogeographic diagrams were constructed as part

of this study and are presented for both the Miocene and Pliocene

(Fig. 12). Themajor mud flow (Fig.12a) deposits probably marks the

major base level fall in the basin. Mud flows are observed within

the upper fan region. The splay deposits are expected further down

into basinal part. Comparison of Fig. 12a and b clearly shows

southward progradation of overall facies with time. Sediment input

from Mahanadi and Godavari is also schematically depicted, which

indicates that even during Mio-Pliocene time there were times

when sediment from Mahanadi were transported beyond the

continental slope and formed unconfined sheet turbidites/ splay

deposits.

4.3. Reservoir potential of the deepwater depositional system

With the advent of new technologies in the recent times

exploration targets have been extended more into the deep water

abyssal plains. The major element with respect to reservoir aspect

of the system are channel levee complexes. In different fans, the

sinuous channel levee system has been the focus of hydrocarbon

exploration (Kolla et al., 2001). The possible depositional model for

the Bengal fan is shown in Fig. 12. The major influx of sediments

was from west in the pre-collision (Pre Eocene) time. Presence of

85 E ridge system gave rise to restricted mini basins that increased

preservation potential for source rock because of restricted circu-

lation. Thermogenic model best explains the hydrocarbon genera-

tion during this time. As discussed earlier, the input from the west

also continues in the post-collision period. Wedges against 85 E

ridge could also act as good entrapment locations for pre-Eocene

petroleum system.

Fig. 7. (a) Sediment isopach (in time) map of the study area showing the “soft to hard collision” (Post-Paleocene to Mid-Miocene) sediment thickness. The map shows shifting of

depocenter from west (before soft collision) towards east indicating initiation of Bengal fan during this time. Time slice equivalent to (b) Eocene and (c) Oligocene level showing

presence of NeS trending meandering channel obtained from high resolution 3D seismic coherency volume which indicates that Bengal fan system was active as early as Eocene

however channel activity was less compared to post hard collision growth of the fan.
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Fig. 8. Sediment isopach (in time) map of the study area showing the “post-hard collision” (Post-Mid Miocene) sediment thickness that indicates major depocenter towards north.

The huge sediment loading is related to rapid rise of Himalaya and therefore much faster growth of Bengal fan which transport the sediment in deeper basinal part. Characteristic

seismic facies during Miocene (AeA’) and Pliocene (BeB’) showing deep water sequence buildup involving mud flow followed by splay and followed by channelelevee facies. The

location of present day active channel is shows in profile BeB0 .

Fig. 9. Profiles (aec) across the present day upper fan showing shifting of distal fan system to younger proximal fan therefore indicating continuous progradation of Bengal fan with

time. The proximal part in shallower section is characterized by mud flow-splay and leveed channel.
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Fig. 10. Profiles (aec) across the present day middle fan characterized by channel levee and splays. However, deeper section is mostly comprises of Channelelevee facies. Important

to note the absence of mud flow in middle fan.

Fig. 11. Profiles across the present day distal fan which is characterized by channel system and absence of mud flow and splays. Also important to know the levee height reduces

considerably in this region to almost absent.
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On the other hand, post-collision Bengal fan is believed to

contain good reservoir because of its huge sediment supply. The

possible location should be channelelevee complexes. The high

amplitude reflection packets representing basin floor fan/frontal

splay are also expected to have good reservoir potential provided

connectivity and amalgamation of sand deposit are maintained

(Kolla et al., 2001; Schwenk et al., 2005). It can be stated that the

exploration target also depends on the location of sand deposit

with respect to fan system. In the distal part, the frontal splay/basin

floor is of more importance, whereas channel levee deposits play an

important role in present day upper and middle fan. Unlike the

deeper CretaceousePaleocene section the shallower Mio-pliocene

petroleum system is more likely to have mixed thermogenic and

biogenic source. Pure stratigraphic entrapment condition is

expected for the younger section. For the mud rich system like the

Bengal fan, vertical seal is not a problem, however, for updip seal,

the truncation of reservoir facies by younger mud flows is

favorable.

5. Conclusions

From the above analysis, the following conclusions can be

drawn.

# Pre-collisional depositional pattern was controlled by

emplacement of 85 E ridge that divided the basin into mini

sub-basins. The restricted environment between basement

highs provides good opportunity to develop hydrocarbon

source rock facies.

# Post-collisional depositional pattern in the study area is inter-

play of different system from NeS and NWeSE. While, the NeS

trending Bengal fan trend became more prominent after post-

Mid Miocene (“hard” collision) period, there were times when

the deeper part received sediments from Mahanadi also.

# Although channel levee deposits are of prime interest for

reservoir facies, the frontal splay/lobes are expected to have

better reservoir quality because of higher sandemud ratio.

Very high sediment input in the post-mid Miocene onwards

resulted in supply of sediments to much deeper parts and sand

bearing frontal splay could also be focus of interest from

a hydrocarbon reservoir point of view.
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Abstract

The Bay of Bengal is the breeding ground for tropical cyclones and Bangladesh is the worst victim in terms of

fatalities and economic losses incurred. Among the 508 cyclones that have originated in the Bay of Bengal in the
last 100 years, 17 percent have hit Bangladesh, amounting to a severe cyclone almost once every three years. Of

these, nearly fifty three percent have claimed more than five thousand lives. The high number of casualties is due to

the fact that cyclones are always associated with storm surges. Storm surge height in excess of 6m is not uncommon
in this region. The elevation of land is around 12 feet at 2.5km from the sea shore where it is around 22 feet at

100km inland from the sea shore in western and central regions of the country. Moreover there are many low lands,
flood plains, rivers and channels within this 100km range. Thus the southern regions usually go under water during 

surge and face uncountable damage by destructive wind speed. Agricultural fields lose fertility due to erosion,

sedimentation, sea-spray and saline water intrusion. Damage of crops and vegetations affects national food 
production and security. Loss of lives, livestock, damage of crops, contamination of water sources, destruction of

house, transportation system, embankment and other development structures not only stop the flow of livelihood at a

sudden, these infirm the long term social, health care, economic development and policy of the government. Every
year, huge amount of budget needs to allocate for relief, medication, subsidy and post-disaster phase of socio-

economic recovery, reconstruction and maintenance works in coastal area.

During the disaster, there is shortage of water supply and food apart from the loss of homestead, crop and livestock.
Loss of the rural roads leads to a missing link for the supply of relief and rehabilitation facilities at the quickest 

possible time. This paper aims at a conceptual protection and adaptation strategy for the coastal population of

Bangladesh at an affordable manner. The recommended strategy involves minimum intervention to the existing
locality and thus a minimum of cost being involved with the maximum possible facilities to available at the end of

the victims specially during and immediately after the disaster. The main theme of the adaptation strategy is the

modification of the landscape to the smallest extent in order to facilitate the shelter for human being and livestock,
storage of harvested crop, water supply, sanitation and the transportation network. Feasibility of the proposed

theme has been analyzed from different direction applying scientific logics. Species of the salt tolerant crops have

been mentioned targeting the food and job security. The paper proposes the minimum coastal zone that should be
brought under the adaptation strategy at the initial pilot stage. The ecological balance of the affected locality is also

considered in the adaptation strategy as well.

Key word:  Cyclone, adaptation, landscape, wetland, mangrove, species, salt tolerant crop. 

Introduction

The coastal zone of Bangladesh, an area covering 47,211 km² facing the Bay of Bengal or having 
proximity to the Bay, and the exclusive economic zone in the Bay (Islam, 2004), is generally perceived to 
be a zone of multiple vulnerabilities. Records of last 200 years show that at least 70 major cyclones hit the 
coastal belt of Bangladesh and during last 35 years nearly 900,000 people died due to catastrophic 
cyclones (Islam, 2004). The government of Bangladesh has already identified the zone as “vulnerable to 
adverse ecological process” (ERD, 2003). The opportunities and potentials of the zone have not received 
much attention, and also the disaster mitigation approaches are seen as curative measure rather than 
protective, which make questions for sustainable coastal belt planning and development. 

To improve the overall situation, comprehensive long term disaster management is necessary. Cyclone 
shelter, embankment have insignificant role to mitigate the impacts of disaster. The best way is to 
introduce natural protective barriers with proper planning and design. In this paper the role of several 
components of nature in disaster mitigation has been described and a combined design and strategy have 
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been mentioned. The design will be easy to implement in an affordable cost and people will get 
opportunities to involve in alternate income generating activities; improvement of overall production and 
health situation. In the initial stage this strategy can be experienced in a coastal island to evaluate its grade 
of sustainability.    

Vulnerability of coastal area 

Bangladesh is situated at the interface of two contrasting settings with the Bay of Bengal and the North 
Indian Ocean to the south and the Himalayas to the north. The geographical location, low and almost flat 
topography, very high population density, etc. have made this country one of the most vulnerable 
countries of the world to be affected by the impact of climate change. The funnel-shaped northern portion 
of the Bay of Bengal causes tidal bores when cyclones make landfall and thousands of people living in the 
coastal areas are affected. Of the 508 cyclones that have originated in the Bay of Bengal in the last 100 
years, 17 percent have hit Bangladesh, amounting to a severe cyclone almost once every three years 
(GoB, 2008). From the statistical analysis of the recorded cyclones over the last 200 years, it has been 
found that number of occurrences of major cyclones has drastically increased in the recent decades. While 
the number of cyclones was 3 during the period of 1795-1845 and 1846-1896 respectively, the number 
increased to 13 during 1897-1947 and 51 during the period of 1848-1998. 

The country has three distinct coastal regions, namely the western, central and eastern regions. The 
western zone is very flat and low and is crises-crossed by numerous rivers and channels. The central 
region is the most active one and continuous process of accretion and erosion is going on there. The 
eastern region is covered by hilly areas and it is more stable and has a long beach there. Some parts of 
western region have the capacity to stand against cyclone disaster where Sundarban, the largest mangrove 
forest exists. But the other parts of the coastal area have no significant protective barrier to dissipate the 
cyclone and tsunami energy. It is observed that the elevation of land is around 12 feet at 2.5km from the 
sea shore where it is around 22 feet at 100km inland from the sea shore in western and central regions of 
the country. Moreover there are many low lands, flood plains, rivers and channels within this 100km 
range. The elevation of those areas varies from 12 feet to 18 feet. In fact the major portion of land here is 
this type. As a result, in any types of moderate cyclone, the devastating impact expands more than this 
range. Bank erosion, saline water intrusion, and inundation in large scale are common matters in every 
cyclone disaster. The reality can also be found from the recent cyclone “AILA” hit Bangladesh at May 
25, 2009. Maximum average wind speed was 110 km/h. The range of inland area affected by this disaster 
has been shown in Figure 1. It was reported that crops of about 323454 acre, 613778 households were 
fully or partially damaged and 3928238 peoples were affected in this cyclone (DMB, 2009). The wind 
speed of the previous cyclone landfall Bangladesh varied from 85 km/h to 260 km/h caused strong surge 
of height up to 7.8m. The Multi-purpose Cyclone Shelter project (MCSP) in Bangladesh (1993) modeled 
storm surge along the Bangladesh coast with the help of GIS. MCSP also prepared a table which shows 
surge height for cyclones of varying strength in Bangladesh (Table 1).   

 

Table 1: Typical storm surge height for cyclones of varying strength in Bangladesh

Wind velocity (Km/h) Storm surge height (m) Wind velocity (Km/h) Storm surge height (m) 

85 1.5 195 4.8

115 2.5 225 6.0

135 3.0 235 6.5

165 3.5 260 7.8
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Source: DMB, 2009 

Figure 1: Range of inland area affected by cyclone “AILA”

Protection by improved coastal natural barrier

Cyclone and after cyclone situation analysis revels that for any types of moderate cyclone, the common 
occurrences are, i) destruction due to wind force and surge, ii) loss of lives, livestock and crop by tidal 
wave, iii) loss of soil fertility for spread of sea-spray, saline water intrusion and sedimentation, iv) water 
source contamination v) extensive environmental pollution, vi) spread of diseases and vii) unemployment 
and starvation. Embankment and cyclone shelter have very little protective capacity of these occurrences. 
But to resist the devastative impacts of cyclone it is necessary to develop natural protective barrier in a 
planned way changing coastal landscape considering all kind aspects as much as possible. In this context 
the following combined design of landscape from seashore to several kilometer inner lands may provide 
significant assistance to overcome almost all kinds of impacts of cyclone disaster and tsunami. 

Zone of storm wave-sediment interaction

A range of seashore goes under water during high tide everyday and leaves it as bare land during ebb. 
If a 500-800 meter width of land area including the tidal area of interference can be kept as bare land 
it will act as “Zone of storm wave-sediment interaction”. It can slow hurricanes, reduce their wave 
energy and protect the interior wetland. This land has the capacity to absorb incoming wave energy. It 
is the one side benefit and the other side is this extended bare land can be effectively used for the 
improvement of tourism industry in the country. The coastal people will get alternate source of 
employment facilities reducing the dependence on risky job of fishing in the ocean. 

Wetland

Wetlands act as sponges to soak up excess water. Coastal marshes serve as storm surge protectors and 
help to reduce storm damage when hurricanes or tropical storms come ashore. Inland wetlands 
function like natural tubs, storing flood waters that over-flood riverbanks, surface areas and protecting 
adjacent and downstream property. According to EPA (2001), a one-acre wetland can typically store 
about three-acre feet of water, or one million gallons. An acre-foot is one acre of land, about three-
quarters the size of a football field, covered one foot deep in water.  

In the seaward side wetland, several water and salinity resistive plants and crops can be cultivated to 
yield more food production. But the main challenge is to identify the level of salinity and types of 
species, which can grow in that level and have high food or market value. Local name of some oryza 
species, Jamainaru, Lakshmikajal, Patnai Balam, Horkuch, Morichshail, Ashfal, Raniselute, 
Kajalshail, Pokkali, Nona Bokra and salt tolerant modern varieties (SMVs) IR29, BRRI dhan 29, 
BRRIdhan 40, BRRIdhan 41 etc. have high potential in saline environment (Laisa, et al, 2004).  
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The interior wetland has also some capacity to impart strength to the total protective system 
dissipating cyclone energy. Water enters into the interior low land during surge remain longer period 
getting no way to drain away. Proper management of this wetland may provide diverse benefit in 
normal time as well as in time of emergency. In normal season water and saline tolerant crops or mix 
cropping system can be exercised. New invented paddy, Swarna Sub1, BR11 Sub1, IR64 Sub1 and 
Sambamasuri Sub1 are highly recommended at this zone. The attractive features of these species are 
the sustainability in flood water or inundated condition more than 15days and short time period of 
harvest. In case of 12 months inundation this zone can be utilized for fish culture. After cyclone 
disaster, interior wetland can act as waterway of transport. It will make possible to send relief goods 
using waterway immediately after disaster to the affected groups. 

Forest

Forests and tree roots provide a protective cover of vegetation that anchors soils, slows and soaks up 
water runoff. Deforestation worsens the impacts of hurricanes and other storms, increasing the 
likelihood of mudslides and flooding. Studies show that coastal forests like mangroves and cypress 
stands shield the coastlines by reducing wave height and energy. Areas buffered by mangroves were 
less damaged by the 2004 tsunami than areas without tree vegetation. Mangroves trap and stabilize 
sediment and reduce the risk of shoreline erosion because they dissipate surface wave energy. It is the 
attribute that makes mangroves a potential natural solution for particular coastal protection problems. 

The fact that surface waves propagating within a mangrove forest are subject to substantial energy 
loss due to two main energy dissipation mechanisms: (1) multiple interactions of wave motion with 
mangrove trunks and roots; and (2) bottom friction. The resulting rate of wave energy attenuation 
depended strongly on the density of the mangrove forest, the diameter of the mangrove roots and 
trunks and on the spectral characteristics of the incident waves. Typically, wave energy is attenuated 
by a factor of 2 within 50 meters of the front of the mangrove forest. Hence, the wave heights are 
typically attenuated by a factor of square root 2 given that the wave energy is related to the square of 
the wave height (Braatz et al., 2007). The role of mangroves in reducing the sea-waves has been 
scientifically proved. For instance, a six-year-old mangrove forest of 1.5 km width will reduce 1 m 
high waves at the open sea and 0.05 m at the coast (Mazda et al., 1997). Energy dissipation is not 
only the main protective activity of forest against cyclone. Sea-spray enters and spread in the coastal 
area and inland with wind. Mangroves reduce the wind speed and capture sea-spray. It increases the 
turbulent flow of sea-spray, provides rough surface and easily capture the sediment and sea-spray.  

But position, height, width, continuity and density of plants and trees are very important to consider 
for the reduction of wind speed, strength and direction. Plants with loosely dense and low height 
should be in the front position seaward side. The medium dense and moderate height plants should be 
in the middle position and finally most dense and tallest trees should be planned after the medium 
height mangrove row. 

Stabilized elevated bank

An elevated land with sufficient stability is necessary to build up after the end of mangrove belt. 
Alignment, elevation, width, layer by layer compaction and slope should be designed properly. To 
impart more stability in affordable expanse, mat made of jute or scrap cloth can be used. In most 
vulnerable areas or where more protection is needed, concrete sea-wall with proper design need to be 
constructed.  

The elevated bank creates wave reflections and promotes sediment transport offshore. It should be 
constructed along the whole coastline; if not, erosion will occur on the adjacent coastline. From the 
previous study it is found that only sea-wall, embankment or elevated land easily get eroded and 
damaged. But mangroves before sea-wall or embankment stabilize those structures and protect from 
wind speed and tidal wave. 
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Human habitat 

Human settlement in most of the coastal areas in Bangladesh is isolated and unprotected. Devastating 
wind force and surge easily attack the unsupported houses and other structures with full energy. For 
this, though the recent developed warning system providing decent role in evacuation but the resource 
damage is not decreasing substantially. To improve this conditions some specific areas should be 
taken under development plan. Housing and other structures should be built on elevated land which 
will remain beyond the normal flood level. This developed land should have stable slope and soil 
protective vegetations. Housing and other structures will be supported by tall and dense trees. People 
will live there in community based and there should have adequate facilities of potable water supply 
and sanitation.  

Emergency response 

It becomes the main task to shift people of vulnerable areas to cyclone shelter or other safe area 
before the landfall of cyclone. Most of the cases, the time available for evacuation are far less than the 
time required. If the time of approach of disaster is possible to extend, more life will be saved and 
large margin of resources can be restored from damage. There are some species like Sonneratia, 
Kandelia candel etc. can increase the arrival time of tsunami a lot and save lives and livestock by 
giving enough time to shift them to shelter. It was predicted with empirical evidence that Sonneratia 
and Kandelia candel forest of 1 m width can defer the time of Tsunami attack by 727 and 343 seconds 
respectively (Braatz et al., 2007).  

Post disaster relief distribution activity and to reach adequate food, water and medication are very 
important to support the affected peoples. Damage of roads, embankment and other infrastructure 
make this very difficult. But if there are alternate provisions to transfer goods and emergency 
facilities   to the affected areas, significant number of post disaster causalities and spread of diseases 
can be prevented.  

Considering all kinds of aspects, affects of disaster, land characteristics, human behavior and action 
plan of Bangladesh government disaster management, an improved coastal design and strategy has 
been developed that is presented in figure 2a & 2b. 

 

Human settlement

Stabilized elevated land

Floodplain/inside wetland

Stabilized embankment

Forest of height 10m & above

Dense mangrove of height 2m to 10m 

Shoreline vegetation and marsh

Bared seashore

(2a) 

SEA

Channel
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Figure 2: (a) Arial view of the proposed design of coastal area (b) Cross section of the proposed design of coastal area (including 
sea-wall) 

(2b) 

Features of the proposed design

The main feature of the proposed design and strategy is to assure more involvement of natural barrier in a 
planned way. Other characteristics are as follows 

 500-800 m zone of wave sediment interaction 

 At least 1km wide marsh and mangrove belt after previous zone 

 Cultivation of Salt and water tolerant crops in seaward side before mangrove, which will act as 
marsh.   

 Trees with loosely dense and low height in the front position seaward side, the medium dense and 
moderate height trees in the middle position and finally most dense and tallest trees will be 
planted after the medium height mangrove row. 

 Build up 25m wide and 4m high elevated land with 5m wide crest. Proper compaction, slope 
stability, mangrove and vegetation before embankment must be assured. Construction of concrete 
sea-wall where necessary. 

 Reforestation as long as possible in interior side from embankment. 

 Preservation of low land and flood plain 

 Fish culture or cultivation of submerged crops in floodplains and low lands   

 Human settlement on stabilized elevated lands having proper communication system. 

Implementation of the proposed design and strategy will provide benefits in four ways. All parts of the 
design have specific role in disaster mitigation, protection of lives and resources, improvement of living 
standard and preservation of coastal environment as a whole. These are separately described in table 2.  

Except sundarban area, the proposed design can be implemented in almost all parts in coastal area since 
major development has not yet been done here and these areas remain in unprotected condition. To 
evaluate the effectiveness and sustainability of the proposed design, “Char Manica” (22°08 N and 
90°41 E) can be a suitable area to implement it as a pilot project. The whole take should be performed on 
the basis of priority analysis. Some parts of the area need to bring under instance adaptation action in the 
first stage then the next stage should be completed as shown in figure 3. 
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Figure 3: Priority of area under adaptation

 

Table 2: Beneficial role of different components of the proposed design and strategy in coastal area

Beneficial role 

Component
Disaster mitigation 

Protection of lives 

and resources

Living standard and 

resource

development

Preservation of

environment

Zone of storm 
wave-sediment

interaction

Absorb tidal energy
and protect sea-

ward wetland

Reduce cyclonic
power

Improvement of 
tourism,

employment
facilities

Coastal biodiversity
conservation

Wetland/Marsh land soak up excess
water, increase of 

friction force 

Surge height
reduction

Cultivation of salt
tolerant crops, food 

production,
alternate income

generation activity,
less dependence on 

fishing in ocean

Absorption of 
polluted matter,
improvement of
coastal ecology

Forest/Mangrove Reduction of wave
energy, wind force,
runoff, surge height, 
sea-spray, sediment

transport, land
erosion, increase of 

bank stability,
tsunami approach

time and change of 
wind direction

Decrease of sudden
shock of disaster,
death toll, loss of

soil fertility, damage
of house, 

embankment,
infrastructures,

crops and
vegetations.

Collection of fruits, 
flowers and leaves
with high medicinal,
honey, wood and
other materials.
Improvement of 

tourism,
employment

facilities

Improvement of 
wildlife, ecosystem

and coastal stability.
Minimization of post 

disaster
environmental

pollution.

Elevated bank Strong protective
barrier to lessen

impact of disaster

Act as protective 
land to facilitate

transport and stay
of lives temporarily

Serve as way of
transport to carry

products to growth
center

Protection of interior
lands and water

bodies from 
contamination,

salinity and 
sedimentation.

Interior mangrove 
and low land

soak up more water
and impart more

protection

Preservation and
stabilization of land

for human 
habitation.

Vegetation, crop
cultivation and fish

culture

Salinity reduction
and ecological

balance.

Protected human
settlement

Act as island during
flood and inundation

Protection of lives
and livestock from 

tidal wave

Stable habitation,
decrease of 

migration rate.

Minimization of 
pollution from 
causalities.

 

R
i
v
e
r 
1

R
i
v
e
r 
2

Zone 1 (Sparse Adaptation action) 

Zone 2 (Intense Adaptation action) 

Bay of Bengal 
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Feasibility

The proposed coastal landscape will not be difficult to implement if necessary steps are taken from local 
level to national level identifying it as priority issue. Some question may arise of availability of specific 
plant and mangrove species provide best performance. But those species are not rare in Bangladesh 
coastal region. Moreover, there is Sundarban, the largest mangrove forest in the world having 334 species 
of trees, shrubs and epyphites (BFD). According to BFD, 1,39,700 hectare forest land of Sundarban 
remains in Bangladesh section is declared as World Heritage Site. The main tree species in this forest are 
Sundri (Heritiera fomes), Gewa (Excoecaria agallocha), Keora (Sonneratia apetala), Baen (Avecennia 
officinalis), Dhundul (Xylocarpus granatum), Passur (Xylocarpus mekongensis) etc with 15cm and above 
diameter. Sundri is the most important tree in the Sundarban which is distributed over 73% of the reserve. 
Extent of Sundri is followed by Gewa, Baen, Passur, Keora etc . Mangrove afforestation along the entire 
southern coastal frontier is an innovation of foresters. The forest of central and northern districts covering 
an area of 1,20,000 is intermingled with the neighboring settlements and fragmented into smaller patches. 
Sal (Shorea robusta) is the main species in central and northern districts with other associates like Koroi 
(Albizzia procera), Azuli (Dillenia pentagyna), Sonalu (Cassia fistula), Bohera (Terminalia belerica), 
Haritaki (Terminalia chebula), Kanchan (Bauhinia acuminata), Jarul (Lagerstroemia speciosa), Jam 
(Syzygium spp) etc. Some non-mangrove species also available in Bangladesh like Hijlibadam 
(Anacardium occidentale), Neem (Azadirachta indica), Bash (Bambusa arundinacea), Latkon (Bixa 
orellina), Sondal (Cassia fistula), Bilati jhau (Casuarina equisetifolia), Narikel (Cocos nucifera), Jhal 
(Salvadora persica), Ritha (Sapindus emarginatus), Dumla/Poreshpipal (Thespesia populneoides Kostel), 
Nishinda (Vitex negundo) (WAFC) have multiple benefits for toughening coastal environments against 
the negative impacts of wind and water. 

Casuarina is one species that is both tall and quite salt-tolerant and can be used on the landward side of 
the shelter behind the low-level protection afforded by shorter species. This species is very durable, and 
can survive in powerful storm surge. Rhizophora apiculata and Rhizophora mucronata are two species 
commonly used in mangrove restoration and afforestation. Their stilt roots provide extra support against 
strong winds and the wave action of tropical cyclones and tsunamis (Selvam et al., 2005).     

Hurricane surges that are catastrophic (i.e., 7-20 feet) rapidly submerge marsh vegetation, but not forested 
wetland vegetation. Surge waves moving over marches get a rougher bottom than a smooth sediment. For 
the combined purposes of reducing wind speed, increasing salt deposition and reducing storm surge in 
coastal areas, however, wider shelters is advantageous. The “rough” surface created by the shelter belt 
increases the size of turbulent eddies and brings more small droplets and salt particles into contact with 
the vegetation, where they can be captured and prevented from travelling further inland.  

Windbreaks substantially reduce wind speed on the windward side for a horizontal distance of 2–5 H, 
where H is the height of the barrier (Figure 3). U is wind speed in the lee of the shelter and Uo is the speed 
at the same location if there were no shelter.  Windbreak height (H) is the most important factor 
determining the downwind extent of the sheltered region and usually is employed as the measure of its 
length. In shelterbelts with species of various heights used throughout the belt, the average height of the 
tallest species usually is taken to represent H. Since the coastal zone of Bangladesh is funnel shaped, the 
tracks of cyclone attacked before found to be passed nearly at right angle to the central coast line i.e. the 
incident of attack IA is nearly 90º. The proposed design is a combined landscaping with tallest trees 
having height 10m and above at the end of the belt. Analyzing the figure 4 it can be obviously said that 
implementation of the design will reduce the devastating wind speed significantly.   
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Figure 4: Percentage reductions in wind speed (U) upwind and downwind of a shelterbelt of width 1 H for various attach angles 
(IA) of the wind. (Source: Braatz et al., 2007)

 

The coastal region of Bangladesh is still unprotected and human habitation is not developed. Bare land, 
haphazard human settlement is the common characteristics of central southern coast. But the population is 
increasing day by day. So, it is the right time to take necessary steps for comprehensive research of 
selecting best options to meet all kinds of issues and integrated actions to develop a rigid protective 
coastal barrier.  

Government Strategy and the proposed concept 

The Government of Bangladesh (GoB) is committed to increase the resilience to coastal disaster; reduce 
the risks coastal disaster poses to national development; and rapidly develop the country. GoB has the 
Climate Change Action Plan which is a 10-year programme (2009-2018) to build the capacity and 
resilience of the country for meeting the challenge of climate change. The needs of the poor and 
vulnerable, including women and children, will be mainstreamed in all activities under the action plan. In 
the first five year period (2009-13), the programme will comprise six themes with sub programmes of 
each theme (MoEF, 2008). It is required to mention that the proposed design and strategy in this paper for 
coastal areas in Bangladesh directly or indirectly supports almost all the themes selected by GoB. More 
specifically the supported themes (T) and sub programs (P) are as follows-     

 Food Security, Social Protection and Health (T1) 

 Improvement of cyclone and storm surge warning (T2P2) 

 Risk management against loss on income and property (T2P4) 

 Repair and maintenance of existing coastal polders (T3P3) 

 Adaptation against tropical cyclones and storm surges (T3P6) 

 Preparatory studies for adaptation against sea level rise (T4P3) 

 Monitoring of ecosystem and biodiversity changes and their impacts (T4P4)  

 Afforestation and reforestation programme (T5P7) 

 Revision of sectoral policies for climate resilience (T6P1) 

 Strengthening human resource capacity (T6P3) 

 Strengthening institutional capacity for climate change management (T6P4) 

Conclusion

Coastal disaster management associated with food and life are the major concerns of coastal countries 
throughout the world. Every year GoB need to allocate a large amount of budget for cyclone disaster 
management, coastal development, repair and maintenance. Large number of cyclone shelter has already 
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been made and warning system is modernized. These are contributing to minimize death toll a lot. But 
integrated management for preservation of land, embankment, infrastructure, water sources and overall 
environment from severe cyclone are not been seen yet. The dispatch of food, goods, medication and after 
disaster relief distribution system are still facing great difficulties for lack of proper planning and damage 
of routes. It is found that the overall damage and losses due cyclone Sidr was US$1674.9 Million. But if 
the Sidr effect could be minimized 20%, around 335 million dollar would be saved from instant losing 
and this could be used for more development works. The main feature of the proposed coastal design and 
strategy in this paper is to mitigate the affects of disaster by introduction of natural protection systems as 
much as possible and simultaneously, development of adaptation capacity of the local community with 
maximum utilization of existing environment. In one side, protective barrier will minimize the disaster 
effects; preserve the land fertility, potable water sources, infrastructures and resources. In other side, salt 
tolerant submerged crops, wetland and forest will give people more opportunities to yield more, 
improving living standard and adding additional in national income. Conservation of bio-diversity and 
ecosystem balance is also a crucial part of the proposed strategy.     
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List of Agreements concluded by India with neighbouring countries. 

 

  



 



Indonesia 

Agreement between the Government of the Republic of India and the Government of the 

Republic of Indonesia relating to the delimitation of the continental shelf boundary between the 

two countries (with annexed chart), 8 August 1974 (entry into force: 17 December 1974);  

Agreement between the Government of the Republic of India and the Government of the 

Republic of Indonesia on the extension of the 1974 continental shelf boundary between the two 

countries in the Andaman Sea and the Indian Ocean, 14 January 1977 (entry into force: 

22 December 1980);  

Maldives 

Agreement between India and Maldives on Maritime Boundary in The Arabian Sea and Related 

Matters, 28 December 1976 (entry into force: 8 June 1978).  

Myanmar 

Agreement between the Socialist Republic of the Union of Burma and the Republic of India on 

the Delimitation of the Maritime Boundary in the Andaman Sea, in the Coco Channel and in the 

Bay of Bengal (with maps), 23 December 1986 (entry into force: 14 September 1987);  

Sri Lanka 

Agreement between Sri Lanka and India on the boundary in historic waters between the two 

countries and related matters (with map), 26 and 28 June 1974 (entry into force: 10 July 1974);  

Agreement between Sri Lanka and India on the maritime boundary between the two countries in 

the Gulf of Mannar and the Bay of Bengal and related matters (with map), 23 March 1976 (entry 

into force: 10 May 1976);  

Supplementary Agreement between Sri Lanka and India on the extension of the maritime 

boundary between the two countries in the Gulf of Mannar from position 13 m to the trijunction 

point between Sri Lanka, India and Maldives (point T), 22 November 1976 (entry into force: 

5 February 1977);  

Thailand 

Agreement between the Government of the Kingdom of Thailand and the Government of the 

Republic of India on the delimitation of sea-bed boundary between the two countries in the 

Andaman Sea ( with chart and exchange of notes), 22 June 1978 (entry into force: 15 December 

1978); 
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Agreement between the Government of the Kingdom of Thailand and the Government of the 

Republic of India on the maritime boundary in the Andaman Sea from point 7 to the tri-junction 

point T, 27 October 1993 (entry into force: 17 January 1996);  

Indonesia and Thailand 

Agreement between the Government of the Kingdom of Thailand, the Government of the 

Republic of India and the Government of the Republic of Indonesia concerning the 

determination of the trijunction point and the delimitation of the related boundaries of the three 

countries in the Andaman Sea, 22 June 1978 (entry into force: 2 March 1979);  

Maldives and Sri Lanka 

Agreement between Sri Lanka, India and Maldives concerning the determination of the 

trijunction point between the three countries in the Gulf of Mannar, 23, 24 and 31 July 1976 

(entry into force: 31 July 1976);  

Myanmar and Thailand 

Agreement between the Government of the Union of Myanmar, the Government of the Republic 

of India and the Government of the Kingdom of Thailand on the determination of the trijunction 

point between the three countries in the Andaman Sea, 27 October 1993 (entry into force: 

24 May 1995).  
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