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CONSULTANCY CONTRACT 

 
between 

 
IUCN, International Union for Conservation of Nature and Natural Resources 

 
 

and 
 

Nicolas Pascal 
 

 
IUCN Project Number: 77162-000 

 
This AGREEMENT is made on 1st August2012 
 
IUCN wishes to engage the services of the Consultant on an independent contractor 
basis on the terms and conditions set out below and the Consultant is prepared to 
accept this engagement from IUCN on the terms and conditions that the parties 
agree as follows: 
 

1. Description and Scope of Work  
 

The Consultant shall carry out and complete the services set out in Annex 1 to this 
Agreement, which is attached to and forms part of this Agreement. The Consultant 
certifies that he is competent to perform the services as specified. 

 
2. Duration 

 
2.1 This contract bindsthe consultant to 46 days of consultancy work commencing 

on the 1st August 2012and remaining in full force and effect 
until30thJune2013unless sooner terminated or an extension of time has been 
granted by IUCN as set out below. 

 
 

2.2 If the Consultant fails to commence promptly or to complete the services 
expeditiously and as a result IUCN incurs loss or damages, the Consultant 
shall be liable for such proportion of the loss or damages as is attributable to 
the  delayed by 
matters beyond the control of the Consultant or IUCN requires the Service to 
be varied, it shall grant a fair and reasonable extension of time 
to the Contractor. 
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1 The exact relationships between mangroves ecosystem processes and the benefits of clean water for recreative use have to 

be better studied. We mentioned it in the present work as a potential benefit but the service was not valued. 
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2 Offset laws usually recommand that compensation of project impacts should be the last option after undertaking strategies 

to avoid and reduce impacts.  
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E32;05*)-!605E!<38_!<572130:!-/)8+)-!45!-(50)9+2)!E32;05*)-B!!

'()!4)3E!(3-!80)34)1!3!<3-)9+2)!E3/!56!4()!E32;05*)-!605E!4()!566-(50)!E32;05*)-!45!4()!(+;()-4!(+;(!

,34)0! E30_! 45! 4()! <38_! <572130:! -/)8+)-! 56! E32;05*)-B! '()! 85EE52! <38_! <572130:! -/)8+)-! 56!

E32;05*)-! 34! <54(! 1)E52-4034+52! -+4)-! +-!31+ 4%5-('4%)! 321! 4()! 85EE52! 566-(50)! E32;05*)! +-! 61)574-)'B!

R3-)9+2)!E3/-!,)0)!80)34)1!650!U!-+4)-!+2!Z327347@!]E39@!321!%03<!R3:!52!M39)_793!321!P0343/!52!P634)B!

'()! 45439! 30)3! 56! E32;05*)-! 605E! 566! -(50)! 45! (+;(! ,34)0! E30_! 321! 45! <38_! <572130:! -/)8+)-! 56!

E32;05*)-! +-! HUjBj! (3! 321! UHBJ! (3! +2! %03<! <3:X]E39! 321! P0343/! 0)-/)84+*)9:! ?-5708)F! Z327347!

T)/304E)24!56!P2*+052E)24!321!%52-)0*34+52AB!!

T343! ).40384)1! 605E! 4()! M+99)22+7E! %5039! >))6! M3//+2;! C05D)84! -(5,! 4(34! 4()! 15E+2324! 0))6!

;)5E50/(595;+8! 4:/)! +-! 4()! 58)32! 321! 4()! +2403K-)3-! )./5-)1! 60+2;+2;! 0))6! ?893--)-! JJJ! 321! JUL!

0)-/)84+*)9:A!?]210Y657u4!)4!39B@!JLLjA!+2!<54(!-+4)-B!!

!

!

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

3 In addition to those specific rules, there is a ‘rule’ related to controlling the access permitted for non-locals.  



 

!

IRCP – Economic valuation of mangrove ecosystem services in Vanuatu. April 2013               Page 25 / 147 

!

G67C8D7!!

%=&Q=^#T]'PT!

8##/'4+9'4/"+-$+5."+"&-)7)5":+)"(9%&")+-$+5."+:'#;(-9")++

#2!%03<!<3:@!E32;05*)!)85-:-4)E-!?HUIBj!(3A!(3*)!/05178)1!+2!JLHJ!3!45439!56!Z4!jU!M!?)k7+*39)24!45!$Ql!

jiLaeA! 85E/0+-)1! <)4,))2! Z4! UIM! 321! Z4! GLMB! #2! P0343/@! 4()! E32;05*)! ?UHBJ! (3A! ,3-! )-4+E34)1! 45!

/05178)!3227399:!3!*397)!56!Z4!JeM!?)k7+*39)24!45!$Ql!JGLaA!,+4(!3!E+2+E7E!56!Z4!HG!M!321!3!E3.+E7E!

*397)!56!Z4!UH!MB!

O50!85E/30+-52!<)4,))2!-+4)-!4(+-!+-!)k7+*39)24!45!Z4!UiL_!/)0!(3!/)0!:)30!?l$Q!e!ULLB:KHB(3KHA!+2!%03<!<3:!

321!Z4!GGL_!/)0!(3!/)0!:)30!?l$Q!V!jLLB:KHB(3KHA!+2!P0343/B!

#2! %03<! <3:@! 4()! /0+28+/39! )85-:-4)E! -)0*+8)-! +2! )8525E+8! 4)0E-! 30)! 4()! *397)! 56! 830<52! -)k7)-4034)1!

?PQiA@!4()!/054)+2-!605E!-7<-+-4)28)!6+-()0:!?PQHA@!4()!85EE)08+39!6+-()0:!?PQJA!321!4()!,551!).40384+52!

?PQeA!-7EE+2;!39E5-4!iVm!56!4()!45439!*397)B!

!#2!P0343/@!4()!/0+28+/39!PQ!30)!4()!*397)!56!830<52!-)k7)-4)0)1!?PQiA@!4()!0)*)27)-!605E!4570+-E!9+2_)1!45!

E32;05*)-! ?PQjA@! 4()! 3*5+1)1! 85-4-! 605E! 853-439! /054)84+52! 3;3+2-4! 69551! ?PQIA! 321! /054)+2-! 650!

-7<-+-4)28)!6+-()0:!?PQHA!650!3!45439!56!Vjm!56!4()!45439!*397)B!%5EE)08+39!6+-()0:!?PQJA@!,551!).40384+52!

?PQeA!321!0)80)34+*)!6+-()0:!?PQUA!30)!4()!54()0!PQB!!

#2!45439@!2)309:!VLL!/)5/9)!1)/)21!52!52)!50!E50)!56!4()!E32;05*)!)85-:-4)E!-)0*+8)-!+2!%03<!<3:!321!

eLL!/)5/9)!+2!P0343/B!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

4 Conversions of Ni-Vanuatu Vatu to US Dollar are based  2012 average exchange rate of 90 Vt for 1 US$. 
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I%.J$3!^K!5:;.$,<3!34,=-=03>!=3$<%43=!%;!F:;J:0J!

!
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I%.J$3!WK!L%=0$%MJ0%,;!,?!34,=-=03>!=3$<%43!<:&J:0%,;!%;!6$:0:#N!'()'9!0,0:&!<:&J3!3=0%>:03@K!F0!!'P!5N!

 
! !
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'()!65995,+2;!43<9)!+21+834)-!4()!E3+2!0)-794-!1)-80+<)1!+2!4()!2).4!8(3/4)0-F!

!

!

D:M&3!)K!64,;,>%4!<:&J:0%,;!,?!34,=-=03>!=3$<%43=!,?!+$:M!M:-!:;@!6$:0:#!>:;.$,<3=!%;!'()'9!F:0JN!!

!"#"$%&%'(%")*+

]2!+E/504324!0)-794!56!4()!-471:!+-!4()!+1)24+6+834+52!56!-58+39!;057/-!<)2)6+8+30+)-!56!)85-:-4)E!-)0*+8)-!+2!

%03<!<3:!321!P0343/B!'()!6+;70)!<)95,!-7EE30+n)-!4(+-B!'()!E3+2!<)2)6+8+30+)-!30)F!

• O+-()0E)2!56!4()!85EE)08+39!304+-3239!6+-()0:!?ULL!+2!%03<!<3:!321!jL!+2!P0343/A!

• ^5839!63E+9+)-!650!,(5E!6+-(+2;!+2!4()!E32;05*)!321!+2!4()!0))6!+-!3!-5708)!56!0);7930!/054)+2!?HIL!

(57-)(591-!+2!%03<!<3:!321!VL!(57-)(591-!+2!P0343/A!

• ^5839! 63E+9+)-!<)2)6+4+2;! 605E! 6+0),551!321!852-40784+52!E34)0+39! ?HjL!(57-)(591-! +2!%03<!<3:!

321!ej!+2!P0343/A!

• '570+-E!)240)/0)2)70-!+2!P0343/!/05/5-+2;!E32;05*)!4570+-E!?J!<7-+2)--)-@!VLL!4570+-4-!3!:)30A!

• >)39!)-434)!5,2)0-!/054)84)1! 605E!853-439! 69551+2;! ?J! 4570+-E!0)-504-! +2!P0343/o!U!LLL!EJA!3-!

,)99!3-!/932434+52!5,2)0-!?ULL!(3!+2!%03<!<3:A!

• '()!;95<39!85EE72+4:!45!<)2)6+4!605E!830<52!-)k7)-4034+52!321!<+51+*)0-+4:B!

!"# !$% !"#$!%# !"# !$% !"#$!%#

&'()('*+,",-.#/.(0",1.23 45(566 78(488 &'()*) 98(9)) :9(588 +&(,,*

&'(6(;<!!.2/"$=(0",1.23 96(799 4)(499 -&(./+ )8(9:: 6:(5>4 )&(00,

&'(9(?./2.$-"@.(0",1.23 A88 )(688 )(,,,

&'(:(B<<C(.%-2$/-"<# 65(:45 >)(888 +'(.++ ))(55A 6)(A45 )*(/..

&'(>(D$#E2<@.(-<*2",! 9>(95A >A(745 -&()&.

&'(4(;<$,-$=(F2<-./-"<# :()>4 5()99 0(*-- 9:(A99 >7(566 -&(.&/

&'(5(+"<2.!.C"$-"<#

&'(A(,.C"!.#-(-2$F

&'(7(/$2+<#(,.G*.,-2$-"<# 64>(:A7 >49(999 -)-(-)) 4A(766 )98(888 ''(-*)

H<-$= 975(545 559(588 0/0(&++ )76(945 9:8(6)) .**(./'

6(7): >(44A -(.') 4()44 )8(78: /(0+0

'.2@"/.($=!<,-(#.E="E"+=. '.2@"/.($=!<,-(#.E="E"+=.

'.2@"/.($=!<,-(#.E="E"+=. '.2@"/.($=!<,-(#.E="E"+=.
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'.2@"/.("#.%",-$#-
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• '570+-E!)240)/0)2)70-!+2!P0343/!,(5-)!<7-+2)--!1)/)21-!52!4()!k739+4:!56!,34)0!56!4()!93;552!3-!

,)99!3-!<)38(!650E34+52!?J!<7-+2)--)-@!JH!D5<-@!HH!jLL!4570+-4-!3!:)30AjB!!

#2!45439@!2)309:!VLL!/)5/9)!1)/)21!52!52)!50!E50)!56! 4()!E32;05*)!)85-:-4)E!-)0*+8)-! +2!%03<!<3:!

321!eLL!+2!P0343/B!

!

!

I%.J$3!)(K!5:%;!M3;3?%4%:$%3=!,?!>:;.$,<3!34,=-=03>=!%;!+$:M!M:-!:;@!6$:0:#!

%=MC]>#Q=&!=O!>PQ$^'Q!S#'W!='WP>!Q'$T#PQ!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

5 The exact relationships between mangroves ecosystem processes and the benefits of clean water for recreative use has to be 

better studied. We mentioned it in the present work as a potential benefit but was not valued. 
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#2! 4()! 65995,+2;! 43<9)!,)!(3*)! 85E/30)1! 0)-794-! /)0! )85-:-4)E! -)0*+8)!,+4(! 54()0! -471+)-! 56! )8525E+8!

*39734+52! 56! E32;05*)! )85-:-4)E! -)0*+8)-B!S)! <3-)1! 4(+-! 3//0538(! 52! 4()! 574/74-! 56! J! E)43K3239:-+-!

8521784)1! <:! R0321)0! )4! 39! ?JLHJA! 321! Q39)E! p! M)08)0! ?JLHJA! 52! eH! 321! ee! -471+)-! 56! E32;05*)!

)8525E+8! *39734+52! 0)-/)84+*)9:B! O50!<54(@!E5-4! 56! 4()! -471+)-!(3*)!<))2! 8521784)1! +2! QP!]-+3! 321! 4()!

E3D50+4:!56!*397)-!8528)02!1+0)84!321!+21+0)84!7-)-B!]99!*397)-!(3*)!<))2!852*)04)1!45!*397)-!/)0!()8430)!

56!E32;05*)! +2!JLHL! +24)0234+5239! 159930!7-+2;!CCC! 852*)0-+52! 638450-! ?8v!UiBVHA! 43_)2! 605E! 4()!C)22!

S5091!'3<9)!56!JLHH!?W)-452!)4!39B@!JLHHAB!

P.8)/4! 650! 853-439!/054)84+52! +2!P0343/!321!830<52!-)k7)-4034+52@!E5-4!56! 4()!*397)-!56!E32;05*)!PQ! +2!

%03<!<3:!321!P0343/!30)! +2! 4()! 95,)0K)21!56! 4()!032;)!56!0)-794-! 605E!4()!E)43K3239:-+-B!'()!8524).4!56!

95,K1)*)95/E)24!56!85EE)08+39!6+-()0:!321!E32;05*)!4570+-E!3-!,)99!3-!4()!95,!1)2-+4:!56!852-40784+52-!

52!4()!-(50)!E3:!<)!52)!56!4()!)./93+2+2;!638450-!56!4(+-!5<-)0*34+52B!!

O50!853-439!/054)84+52!PQ!+2!P0343/@!*397)-!30)!-9+;(49:!3<5*)!4()!3*)03;)!*397)-!605E!E)43K3239:-+-!321!

0)69)84!4()!/0)-)28)!56!4()!0)-504-!/054)84)1!<:!4()!E32;05*)-B!!

O50! 830<52! -)k7)-4034+52!PQ@! 4()! *397)-! 30)! 3<5*)! 4()!E3.+E7E!*397)! 605E!E)43K3239:-+-! 321!E3:!<)!

)./93+2)1!<:!4,5!3-/)84-F!!

?+A! %30<52!E30_)4-! (3*)! 8(32;)1! 170+2;! 4()! 93-4! HL! :)30-! ,+4(! 4()! 1)*)95/E)24! 321! 852-59+134+52! 56!

83987934+52-!56!830<52!-)k7)-4034+52!*597E)-!321!*5972430:!80)1+4-r!

!?++A!S)!(3*)!0)69)84)1!4()!,(59)!*397)!56!830<52!-)k7)-4)0)1!+2!4()!7//)0!/304!56!4()!-5+9!56!E32;05*)-!

,()0)3-!-5E)!-471+)-!E3:!*39734)!529:!4()!3*5+1)1!3E5724!56!830<52!0)9)3-)1!+2!4()!34E5-/()0)B!

!
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D:M&3!'K!+,>#:$%=,;!,?!<:&J3=!#3$!/340:$3!,?!34,=-=03>!=3$<%43=!,?!+$:M!M:-!:;@!6$:0:#!>:;.$,<3=!a%0/!,0/3$!=0J@%3=N!ZE;0N!
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! !

!"# !$% !"#$!%# !"# !$% !"#$!%# !"# !$% !"#$!%#
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P0343/! +-! 4(34! 4()! 8526+;7034+52!56! 4()!<3:!,()0)! 4()!E32;05*)-!30)@! 0)178)-! 4()! 8522)84+*+4:!<)4,))2!

0))6! 321!E32;05*)-B! %522)84+52! <)4,))2! <54(! )85-:-4)E-! 58870-! +2! 3! 0)178)1! 27E<)0! 56! -(3995,! 321!

23005,! 8(322)9-B! %5E<+2)1! ,+4(! 4()! 54()0! 638450-! 1)-80+<)1! <)650)@! 3! E32;05*)K85240+<74+2;! 638450!

85E/0+-)1!<)4,))2!HL!45!Hjm!,3-!3//9+)1!45!4()!311)1!*397)!56!0))6!6+-()0:B!!!

'()! U! -/)8+)-! 56! 803<-! ?<'(2%)-:'+ &'(#%$"=>+ <1+ .%(5%0")! 321! ?&744'+ )"(('5'A! 30)! 1+0)849:! 0)934)1! 45! 4()!

).+-4)28)!56! 4()!E32;05*)B!<'(2%)-:'!7-)! 4()!E32;05*)!(3<+434-!170+2;! 4()+0!5245;)2+8!E+;034+52-!321!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

6 The study modelised a mangrove-shrimp fishery linkages with a standard bioeconomic fishery model. It accounts explicitly 

for the effect of a change in mangrove habitat area on carrying capacity and thus production of fishery in Mexico. One of the 

results is that a 0,23% annual reduction in mangrove habitat may have generated a 0.4% loss in fishery revenues.  
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170+2;!-/3,2+2;B!!Q5E)!-471+)-!(3*)!-(5,2!4(34!D7*)2+9)-!7-)!1+0)849:!4()!E32;05*)!9)36!9+44)0!3-!3!6551!

-5708)!?W+8_):@!JLLGAB!'()!E32;05*)-!0)/0)-)24!4()!E3+2!(3<+434!650!4()!31794!E71!803<!??&744'+)"(('5'@B!!

!

!

I%.J$3!))K!5:%;!34,=-=03>!#$,43==3=!%>#&%4:03@!%;!0/3!?%=/3$-!67!

!

AB?<6CD,CEF+EG+GC?3B6H*++

O50!0))6!6+-()0+)-@!4()!U!E3+2!;)30-!+2!4)0E-!56!6+-(!8348()-!30)!4()!;+992)4-G@!(321!9+2)-!?605E!4()!-(50)!50!

8325)A! 321! 4()! -/)30;72-VB! '()! 60)k7)28:! 56! 7-)! 56! 4()! 6+-(+2;! ;)30-! 321! 4()+0! 1+-40+<74+52! 3E52;-4!

(57-)(591-!*30:!<)4,))2!4()!-+4)-!?2).4!43<9)AB!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

7 The gillnets are used principally in the form of circle nets. A fishing trip is composed of 2 to 3 fishermen and up to 50 m 

length of nets. The nets are used to surround groups of fish in depths cof 3 to 10 m. They can repeat several times this action 

without moving the nets or nets can be set up in a new location. Depending on water conditions and fish catches, a fishing 

trip can last from 1 to 5 hours. Nets are monofilament gillnets with 3-inch diagonal mesh. 

8 These gears usually target coral reef species such as Scaridae sp., Acanthruridae sp. and Serranidae sp. Some other gears 

used on an irregular basis are: cast nets (depending on the migration of some species), hand collecting (common at low tide 

efficient for Octopus sp. and shells) as well as some other traditional gears (e.g. hand spear). 
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D:M&3!*K!I%=/%;.!.3:$=!@%=0$%MJ0%,;!Ze!,?!0,0:&!/,J=3/,&@=!=J$<3-3@9!6$:0:#K!;f!*(9!+$:M!M:-9!;f))'[N!!

O),!6+-(+2;!384+*+4+)-!30)!8521784)1!<:!,5E)2!?(321!8599)84+2;!321!(3219+2)!605E!4()!-(50)!/0+28+/399:AB!!

#2!%03<!<3:@!0))6!6+-(+2;!384+*+4:!+-!,)99!-/0)31!,+4(!Jjm!56!(57-)(591-!15+2;!34!9)3-4!U!6+-(+2;!40+/-!/)0!

,))_!321!jL!45!ILm!56!4()!(57-)(591-!15+2;!H!6+-(+2;!40+/!/)0!,))_!52!3*)03;)B!>))6!6+-()0:!8500)-/521-!

E3+29:!45!3!-7<-+-4)28)!384+*+4:!,+4(!9)--!4(32!Hjm!56!4()!(57-)(591-!?8528)24034)1!+2!J!321!U!*+993;)-A!

-)99+2;! 4()+0! 8348()-! 45! 3! ,(59)-39)0! ?85E+2;! 605E! 4()! *+993;)-! ;)2)0399:A! 50! 1+0)849:! 45! 4()! E30_)4! +2!

^3_34505B!'()!672103+-+2;!384+*+4+)-@!,()2!/)5/9)!-)99!/0)/30)1!E)39-!50!60)-(!6+-(!+2!4()+0!*+993;)!45!03+-)!

6721-! 650! 85EE72+4:! )*)24-! 50! -/)8+6+8! 63E+9:! )*)24-! ?,)11+2;-@! -8(559! 6))-@! )48BA! ,)0)! 852-+1)0)1! 3-!

-7<-+-4)28)! 384+*+4+)-! <)837-)! 56! 4()! 95,!/0+8)! 56! 4032-384+52-! ?9)--! 4(32!HLL! *347!/)0! 034+52!56! 855_)1!

6+-(AB!O72103+-+2;!384+*+4+)-!58870!52!3!-/5031+8!60)k7)28:!1)/)21+2;!52!4()!8524).4!?)B;B!-8(559!839)2130AB!

]22739!8348()-!56!0))6! 6+-(!,)0)!)-4+E34)1!<)4,))2!JV4!321!eH4! 650!399! 4()!Hj!*+993;)-!-70*):)1! +2!%03<!

<3:iB!%348()-!*30:!605E!ULL!45!e!LLL!_;!/)0!:)30!1)/)21+2;!52!4()!*+993;)!-+n)!321!6+-(+2;!)66504B!'()-)!

0)-794-! 30)! 85()0)24! ,+4(! k739+434+*)! )-4+E34)-! 56! 6+-(+2;! )66504-! 56! /0)*+57-! -471+)-! ?W+8_):@! JLLGAB!!

]//05.B!Gjm!56!4()!45439!8348(!,3-!852-7E)1!,(+8(!+-!)k7+*39)24!45!32!322739!852-7E/4+52!56!60)-(!6+-(!

56!HG!_;!/)0!83/+43B!>)8)24!-471+)-!(3*)!65721!4(34!4()!9)*)9!56!852-7E/4+52!56!60)-(!-)36551!*30:!<)4,))2!

HI!321!JI!_;!/)0!:)30!/)0!83/+43!+2!Z327347!?R)99!)4!39B@!JLLi<r!C3-839@!JLHHwZ327347!&34+5239!Q434+-4+8-!

=66+8)!@!JLLV!xHA!!

#2!P0343/@!0))6!6+-(+2;!384+*+4:!+-!39-5!,)99!-/0)31!,+4(!HLm!56!(57-)(591-!15+2;!34!9)3-4!U!6+-(+2;!40+/-!/)0!

,))_!321!UL!45!jLm!56!4()!(57-)(591-!15+2;!H!6+-(+2;!40+/!/)0!,))_!?+2!3*)03;)AB!!#4!,3-!)-4+E34)1!4(34!Jj!

45!ULm!56!4()!(57-)(591-!0)39+-)1!0);7930!50!-/5031+8!-39)-!56!6+-(!45!3!,(59)-39)0!50!45!4()!E30_)4!+2!Z+93B!

]-!,)99@! -39)-! +2! 4()! *+993;)-! 4(057;(! 95839! <30-! ?f23_3E39-gA! 30)! +280)3-+2;! 321! 0)69)84! 4()! /05;0)--+*)!

+24051784+52!56!E30_)4!)8525E:!+2!4()!*+993;)-B!C0+8)-!+2!4()!23_3E39-!30)!-+E+930!45!E30_)4!/0+8)!+2!Z+93!

?eLL! 45!jLL!Z4! /)0! 05/)! )k7+*39)24! 45!jGLK!GLL!Z4! /)0! _;AB! #2! 4()! -3E)!,3:@! /0)/30)1!E)39-!,+4(! 6+-(!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

9 Based on CPUEs estimates of the surveys (average number of fish per fishing trip) and converted in kg using an average 

weight of 0,3 kg per fish (Kronen, M., 2007. Monetary and non-monetary values of small-scale fisheries in Pacific Island 

countries. SPC Women in Fisheries Information Bulletin #16 – March 2007.(Pascal, N., 2011. Cost-Benefit analysis of 

community-based marine protected areas: 5 case studies in Vanuatu, South Pacific. Research report, CRISP-CRIOBE 

(EPHE/CNRS), Moorea, French Polynesia, 107pp.  
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?f93/93/g@! 0+8)@! )48BA! 30)! -591! 39-5! +2! 4()!E30_)4B! '()!E30_)4! /0+8)! /)0! 034+52! ?JjLKULL!Z4A! ;+*)-! 3! *)0:!

-+E+930! /0+8)! 4(32! 650! 60)-(! 6+-(! /)0! _+95HLB! '()! /0384+8)! 56! 672103+-+2;! +-! 9)--! -/0)31! 4(32! +2! %03<! <3:B!!

R3-)1!52!4()!-70*):!0)-794-!?k7)-4+52-!U@e!321!I!56!4()!6+-()0:!-70*):-A@!322739!8348()-!56!0))6!6+-(!,)0)!

)-4+E34)1!<)4,))2!HJ4!321!JL4!650!4()!,(59)!56!P0343/B!]//05.B!ILm!56!4()!45439!8348()-!,)0)!852-7E)1!

,(+8(!+-!)k7+*39)24!45!32!322739!852-7E/4+52!56!60)-(!6+-(!56!iBI!_;!/)0!83/+43!?9)--)0!4(32!4()!)-4+E34)-!

56!852-7E/4+52!56!60)-(!-)36551!/)0!83/+43!+2!Z327347!?R)99!)4!39B@!JLLi<r!C3-839@!JLHHA!!

#2! %03<! <3:@! E5-4! 56! 4()! (57-)(591-! ?VLmA! 8599)84! ,(+4)! 321! <938_! 803<-! ?<'(2%)-:'+ &'(#%$"=+ '#2+ <1+

.%(5%0")A!34!-5E)!4+E)!56!4()!:)30!+2!4()!E32;05*)-!?60)k7)28:!56!6+-(+2;!40+/-!-))E-!+21)/)21)24!56!4()!

803<! -)3-52AB! ! #4! +-! 32! 384+*+4:! -(30)1!<:! 399! 4()!E)E<)0-! 56! 4()! 63E+9:B! '():!7-7399:!,39_! ?Vjm!56! 4()!

(57-)(591-A! 321! 6+-(! 34! 95,! 4+1)! 50! 7-)! 3! 8325)! 45! 0)38(! -5E)! 1+-4324! E32;05*)-B! Q+E+930! 45! 6+-(@! +4!

8500)-/521-!E3+29:!45!3!-7<-+-4)28)!384+*+4:!?3//05.B!GLm!56!4()!8348()-!30)!852-7E)1!,+4(!32!3*)03;)!56!

HLBe!E)39-!,+4(! 803<-! /)0!E524(! /)0! (57-)(591AB! %5EE)08+39! -39)-! 30)! 152)! 52! 3! *)0:! +00);7930! <3-)!

,()2!8348()-!).8))1)1! 4()!<3-+8!2))1-!56! 4()! 63E+9+)-B!'()!E3+2!8(322)9!56!1+-40+<74+52! +-! 45! -)99! 4()E!

1+0)849:! +2! 4()! E30_)4! 56! ^3_34505! 34! 32! 3*)03;)! /0+8)! 56! JL*4! /)0! 72+4B! R3-)1! 52! 4()! -70*):-! 0)-794-!

?k7)-4+52-! I@! G! 321! HJ! 56! 4()! (57-)(591! -70*):-A@! 3//05.+E34)9:! <)4,))2! HUj! LLL! 321! JjL! LLL! 803<-!

,)0)!)-4+E34)1HH!45!<)!8599)84)1!)*)0:!:)30!+2!%03<!<3:!?)k7+*39)24!45!UH!4!321!jG!4!/)0!:)30AB!'(+-!9)*)9!56!

8348()-! 0)/0)-)24-! 32! 322739! 852-7E/4+52! 56! 3//05.B! VBi! _;! 56! 60)-(! -)36551! /)0! 83/+43! /)0! :)30HJB!

Q7EE+2;!,+4(!0))6!6+-(!852-7E/4+52!?3//05.B!JI!_;!/)0!83/+43!/)0!:)30!+2!45439A!,)!,5791!<)!+2!4()!7//)0!

<321!56! 4()!322739!)-4+E34)-!?UL!_;!/)0!83/+43!/)0!:)30! +2!07039!n52)-B!?R)99!)4!39B@!JLLi<r!a052)2!)4!39B@!

JLHLr!C3-839@!JLHHAAB!%52-+1)0+2;!4()!9)*)9!56!728)043+24+)-!321!3//05.+E34+52-!+2!4()-)!6+;70)-!3-!,)99!3-!

4()!6384!4(34!,)!30)!,50_+2;!650!-5E)!-471+)-!,+4(!234+5239!6+;70)-@!,)!852-+1)0!4()-)!)-4+E34)-!3-!*39+1B!!!

O50!E71!803<@!,)!65721!4(34!32!+E/504324!/304!56!4()!8348()-!?<)4,))2!IL!45!VLmA!+2!%03<!<3:!,3-!-591!+2!

4()! 95839! E30_)4@! 45! ,(59)-39)0-! 50! )./504)1! <:! /932)! 45! 4()! C504! Z+93! E30_)4B! P*)2! +6! 254! -/)8+6+8399:!

430;)4)1!<:!4()!-70*):-@!+4!-))E-!4(34!39E5-4!eLm!56!4()!(57-)(591-!(3*)!<))2!+E/9+834)1!+2!4()!6+-(+2;!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

10 The “usual” ration of prepared fish with rice and complements was estimated to an equivalent of 300g of fresh fish. On the 

base of a 300 vt selling price and discounting the costs of ingredients (estimated at 70 vt per ration) the price equivalent is 

760 vt per kg of fresh fish.      

11 Based on estimates of declared number of fishing trip during crab and non crab season, average catches per trip and 

average consumption of crab per week per household.  

12 Based on a conversion between total weight of adult crabs (mean 230g per unit) and comestible part (35%). Kronen, M., 

2007. Monetary and non-monetary values of small-scale fisheries in Pacific Island countries. SPC Women in Fisheries 

Information Bulletin #16 – March 2007.  
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)66504!34!1+66)0)24!1);0))-!?605E!0);7930!45!*)0:!5//50472+-4+8!6+-()0:AB!&5!(57-)(591!1)/)21-!52!4()!E71!

803<! 6+-()0:! 650!E50)! 4(32! ULm! 56! 4()+0!,))_9:! 83-(! 2))1-B! O+239! /0+8)-! *30:! 605E! JLL! Z4X_;! 45! HLLL!

Z4X_;!1)/)21+2;!52! 4()!/938)!56!-)99+2;!?C504!Z+93!<)+2;! 4()!E5-4!)./)2-+*)AB! #24)0E)1+30:!85-4-!56! 4(+-!

6+-()0:! 30)!E3+29:! +2! 4032-/504! 321! 1+-40+<74+52! ?JLL! Z4! /)0! _;! 45! )./504! 4()E! 45! Z+93AB! R3-)1! 52! 4()!
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<)4,))2!HiLL!321!UGLL!803<-!837;(4!)*)0:!:)30!+2!!%03<!<3:!B!!

#2!P0343/@!3!-E399!/304!56!4()!(57-)(591-!?<)4,))2!HL!321!JLmA!8599)84!,(+4)!321!<938_!803<-!?<'(2%)-:'+

&'(#%$"=+'#2+<1+.%(5%0")AB! ! #4! +-!32!384+*+4:! -(30)1!<:!399! 4()!E)E<)0-!56! 4()! 63E+9:!<74!15E+234)1!<:! 4()!

/30)24-!?4()!2),!;)2)034+52!(3-!-(5,2!3! 95,!+24)0)-4! +2!803<!8599)84+52AB!Q+E+930! 45! 6+-(@! +4!8500)-/521-!
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45!,(59)-39)0-B!&5!(57-)(591!1)/)21)1!52!4()!E71!803<!6+-()0:!650!E50)!4(32!JLm!56!4()+0!,))_9:!83-(!

2))1-B!O+239!/0+8)-!*30:!605E!VLL!Z4X_;!45!HLLL!Z4X_;!1)/)21+2;!52!4()!/938)!56!-)99+2;!?C504!Z+93!<)+2;!
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I'%#+5("#2)+
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Q58+39!+E/504328)!321!)8525E+8!*397)!56!PQH!321!PQJF!
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!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

13 See previous footnote  
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803<!6+-()0:!0)/0)-)24-!eLm!56!4(+-!*397)B!!

#2!P0343/@!4()!*397)!56!PQH!+-!85E/0+-)1!<)4,))2!Z4!JBV!321!e!M!+2!JLHJ!?)k7+*39)24!45!3//05.B!$Ql!UL_!

321!$Ql!eU_AB!'()!803<!8348()-!(3*)!0)/0)-)24)1!VLm!3//05.B!56!4(+-!*397)B!!
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VLm!56!4(+-!*397)!?jLm!605E!E71!803<AB!!
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JLHJB!%03<!6+-()0:!0)/0)-)24)1!iLm!,+4(!3!-+E+930!1+-40+<74+52!<)4,))2!<'(2%)-:'!321!E71!803<!6+-()0:B!!!!

]-!1)-80+<)1! +2! 4()!E)4(51!322).!321!(+;(9+;(4)1! +2!^37032-!)4!39! ?^37032-!)4!39B@!JLHUA@! 4(+-!*39734+52!

15)-!254!0)69)84!-5E)!+E/504324!31*3243;)-!56!-7<-+-4)28)!321!304+-3239!85EE)08+39!853-439!6+-()0:!?PQH!

321! PQJA! 650! 95839! /5/7934+52-B! Q5E)! 56! 4()E! 30)F! ! ?+A! 4()! 6+-(+2;! 384+*+4:! 2))1-! 95,! 0)k7+0)E)24! 56!

+2*)-4E)24! 321! 403+2+2;! ?QC>PC@! JLLGA@! ?++A! +4! 832! <)! 3! 638450! 56! -58+39! 85()-+52! +2! *+993;)-! <)837-)! +4!

85240+<74)-! 45!E3+243+2! 4()!,5E)2! +2! 4()!*+993;)-! +2-4)31!56! -))_+2;!3! 83-(! +285E)!574-+1)! ?R)2-3!321!

O0):--@! HiieA@! ?+++A! 650! -5E)!(57-)(591! 4()!/304!56! 4()!/054)+2!5<43+2)1! 605E! 6+-(+2;! +2! 4()! 45439!1+)4! +-!

252K0)/938)3<9)!?C599238!)4!39B@!JLLLA!321@!?+*A!6+-(+2;!+-!3!-43<9)!6551!-5708)!3;3+2-4!67470)!728)043+24+)-!

321!3!,3:!45!-/0)31!39+E)2430:!0+-_-!?`5(322)-@!JLLJAB!

'5! 0)69)84! 4()-)! <)2)6+4-! 56! 4()! -7<-+-4)28)! 6+-()0:@!,)! 3//9+)1! 3!,)+;(4K8500)84+2;! 638450! 56! HBU! 52! 4()!

0)-794-!56!311)1!*397)!56!PQH!321!3!-+E+930!E794+/9+)0!650!PQJ!?Q)+19!)4!39B@!JLHHAB!!

S)!5<43+2)1!4(34!PQH!321!PQ!J!,)0)!)k7+*39)24!45!Z4!iBJ!M!321!Z4!jBj!M!?l$Q!HLU_!321!l$Q!IH_A!+2!JLHJ!

+2!%03<!<3:B!#2!P0343/@!PQ!H!(3-!0)/0)-)24)1!Z4!eBU!M!321!PQ!J!32!311)1!*397)!56!Z4!JBH!M!?l$Q!eV_!321!

l$Q!JUAB!'()!65995,+2;!43<9)!/0)-)24-!4()!E3+2!0)-794-F!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

14  Conversion of kg of fresh seafood into protein content following protein table of Ramseyer Ramseyer, L.J., 2000. 

Predicting whole-fish nitrogen content from fish wet weight using regression analysis,. N. Am. J. Aquac. 64: 195–204.. Price 

is equivalent to the protein price of the canned tuna (in oil) provided by the the Vanuatu Statistics Office (average price of 

555 vt/kg).  Results give a price of 390 Vt/kg of reef fish and 132 Vt/kg of cardisoma crabs (both are not so different from 

current market prices).   

15 Conversions of Ni-Vanuatu Vatu to US Dollar are based on a 2012 average exchange rate of 90 Vt for 1 US$.  
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D:M&3!PK!"@@3@!<:&J3!,?!67!)!:;@!67'!Z%;!F:0J9!$3=J&0=!0$J;4:03@!:0!)(*!?,$!3:=-!$3:@%;.[N!!

J"-;('0.%&+2%)5(%K/5%-#*+

'()! 65995,+2;! E3/-! 1)-80+<)! 4()! 6+-(+2;! ;05721-! 56! <54(! -+4)-B! '()-)! E3/-! ,)0)! 103,2! <3-)1! 52!

+2650E34+52!605E!6587-!;057/!,+4(!6+-()0E)2!+2!P0343/!321!%03<!<3:B!!

!

I%.J$3!)'K!+$:M!M:-!?%=/%;.!.$,J;@!:$3:=!Z@:=/3@!g,;3=[!

!"# !$% !"# !$%

&'$()($* +),-.)... /.)0..)... 1)23.)... +)-/.)...

4'$5$6 1)33.)... 3)//.)... /)-/.)... -),..)...

7$589)-./-
!"#$ !"#%



 

!

IRCP – Economic valuation of mangrove ecosystem services in Vanuatu. April 2013               Page 40 / 147 

!

!

I%.J$3!)*K!6$:0:#!?%=/%;.!.$,J;@!:$3:=!

! !



 

!

IRCP – Economic valuation of mangrove ecosystem services in Vanuatu. April 2013               Page 41 / 147 

!

>P%>P]'#ZP!O#QWP>h!?PQUA!

&5! -+;2+6+8324! 0)80)34+5239! 6+-()0:! ?85EE)08+39! 321! 252! 85EE)08+39A!,3-! 5<-)0*)1! +2! P0343/! B!M5-4! 56!

-/504!6+-()0E)2!321!-/504!6+-()0:!/0+*34)!<7-+2)--)-!?<3-)1!+2!C504!Z+93A!7-7399:!;5!6+-(+2;!45!4()!&504(!

30)3!650!1+66)0)24!0)3-52-!?8700)24-@!,+21!/054)84+52!321!/05.+E+4:AB!!

O50! -/504! 6+-()0:@! 529:! 52)! 384+*+4:! ,3-! 0)/504)1! +2! JLHJ! +2! 4()! P0343/! 30)3B! #4! +-! 52)! 56! 4()! -)4-! 56!

384+*+4+)-!/05/5-)1!<:!52)!56!4()!0)-504-B!!M5-4!384+*+4+)-!30)!0)39+-)1!52!4()!574-+1)!56!4()!<300+)0!0))6!321!

E3+2! 430;)4-! 30)! /)93;+8! 6+-()-! ??&-:K(%2'"+ )01+321!<-(70.'"#'+ )01@B! #2! JLHJ@! 9)--! 4(32! IL! 6+-(+2;! 40+/-!

(3*)!<))2!0)/504)1!650!3!45439!6))!56!Z4!UIL_B!!]!-+E+930!85240+<74+2;!638450!650!E32;05*)!,3-!3//9+)1!45!

4(+-!6+;70)!45!0)69)84!4()!059)!56!)85-:-4)E!/058)--)-!56!E32;05*)-B!

!

S==T!Pc'>]%'#=&!?PQeAF!

TPQ%>#C'#=&F!!

'()!E32;05*)!40))-!832!<)!7-)679!+2!3!954!56!1+66)0)24!,3:-B!'()!4072_-!30)!E3+29:!7-)1!650!(57-)!/5-4-@!

6)28+2;@!6+0),551HI!321!+2!-5E)!/938)-!3-!3!;301)2+2;!4559B!'()!<0328()-!30)!39-5!7-)1!650!6+0),551!321!

-E399!(55_-!4(34!-5E)!/)5/9)!874!321!7-)!45!83/470)!E71!803<-B!'()! 9)3*)-!30)!7-)1!3-!<3+4! 650!-)0,5_!

?-E399!/5+24:!-()99-A!321!803<-@!321!39-5!650!E)1+8+239!/70/5-)-!3-!+21+834)1!<:!4()!*+993;)0-HGB!'031+4+5239!

E)1+8+2)!/0384+8)-!-))E-!(5,)*)0!45!<)!03/+19:!1:+2;!574B!!

M3D50+4:!56!4()-)!*+993;)-!7-)!4()!<+;!-4)E-!650!(57-+2;!/5-4-!321!03+9-!?+B)B!-7//504-!805--+2;!)38(!54()0!

321X50!0722+2;!/30399)9!45!321!605E!4()!E3+2!603E)-!56!4()!852-40784)1!0556A!E50)!4(32!32:!56!4()!54()0!

7-)-B!'()!,551!+-!0)399:!-4052;!321!952;!93-4+2;!321!15)-2q4!(3*)!45!<)!8(32;)1!650!3!952;!4+E)B!!

'()!-70*):-!8521784)1!+2!%03<!<3:!(3*)!0)*)39)1!?k7)-4+52!U@!I!321!G!56!E32;05*)!-70*):A!4()!65995,+2;!

0)-794-F!!

=2!3*)03;)@! 650!399! 4()!*+993;)-@!E32;05*)!10:!,551!650!6+0),551!+-!8599)84)1!<:!E5-4!56!4()!(57-)(591-B!

&52)4()9)--!4()!60)k7)28:!+-!k7+4)! 95,!,+4(!40+/-!45!E32;05*)!45!8599)84!10:!,551!528)!)*)0:!HjL!13:-!

?0)-794-!*30:! 605E!H! 65042+;(4! 45!H!:)30!1)/)21+2;!52! 4()!*+993;)-AB! !=2!3*)03;)@!j!<7219)-!56!,551!30)!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

16 Mangrove wood’s clean burning properties make it suitable for cooking in wet weather 

17 Communication about these practices are taboo and cannot be revealed to just anyone 



 

!

IRCP – Economic valuation of mangrove ecosystem services in Vanuatu. April 2013               Page 42 / 147 

!

8599)84)1!/)0!40+/B!$0+@!$0+/+*@!^5,2+!321!W34<59!*+993;)-!-(5,!4()!(+;()-4!7-)!56!6+0),551!<74!4()!*597E)-@!

52!32!322739!-839)@!30)!-4+99!0)178)1!?)k7+*39)24!45!I!<7219)-!/)0!E524(!/)0!(57-)(591AB!P9-),()0)!+4!,3-!

7-)1!5883-+52399:!50!254!34!399B!!

O50!54()0!7-)-!?(57-)!321!6)28+2;!/5-4-@!;301)2+2;!321!E30_+2;A@!,)!5<-)0*)1!3!,+1)-/0)31!7-)!3E52;-4!

(57-)(591-!56!4()!65995,+2;!*+993;)-F!$0+@!$0+/+*@!^+2;3(303_@!')*+-+!?'O%A@!C504+21+0@!^5-30-30!321!W34<5B!

&52)4()9)--@!3-!)./93+2)1!<)650)@!4()!952;)*+4:!56!4()!,551!85240+<74)-!45!95,!60)k7)28:!56!8599)84+52B!#2!

3*)03;)!4()!93-4!40+/!45!E32;05*)-!650!(57-)!/5-4!,3-!eLL!13:-!<)650)@!iUL!13:-!<)650)!650!6)28+2;!/5-4-!

321! UVL! 13:-! 650! ;301)2+2;! /5-4-B! ! M)32! 27E<)0! 56! <7219)-! +2! )38(! 40+/! +-! 305721! HUB! O50! *+993;)-!

+E/9+834)1! +2! 4()-)! 7-)-@! ,)! 83987934)1! 32! 3*)03;)! 40+/! 45! E32;05*)! 56! LBI! <7219)-! /)0! E524(! /)0!

(57-)(591B!!

!#2!P0343/@! 4()!E32;05*)-!30)!(3019:!7-)1! 650!(57-+2;!50! 6+0),551!<)837-)! 4()!/)5/9)!(3*)!394)0234+*)@!

E78(!<)44)0!0)-5708)-B!O50! 6+0),551@! 4()!-)449)E)24-!56!P4/7/@!P43-@!P93_!321!P932!30)! 4()!529:!*+993;)-!

0)/504+2;!3!0);7930!7-)!56!E32;05*)!,551!?)*)0:!J!E524(-!52!3*)03;)!650!J!50!U!<7219)-!/)0!(57-)(591AB!!

'()! 54()0! 7-)! 0)/504)1! +-! 650! (57-)! /5-4-! +2! P4/7/! 321! &3207! ?)*)0:! ejL! 13:-! 650! V! <7219)-! /)0!

(57-)(591!50!IBe!<7219)!/)0!E524(!/)0!(57-)(591AB!!

=2)!54()0!7-)!4(34!+-!03/+19:!1:+2;!574!+-!4()!4031+4+5239!E)1+8+2)!/0384+8)-!1)0+*)1!605E!4()!E32;05*)-B!

S(+8(! /304! 56! 4()! 40))! 4():! 7-)! +-! 3!E:-4)0:! 3-! 4(34! +2650E34+52! +-! -380)1! 45! 4()! 40+<)! 321! 529:! 3! 6),!

/)5/9)!+2!-5E)!56!4()!*+993;)-!(3*)!_25,9)1;)!56!+4!,(+9)!54()0-!832!529:!0)E)E<)0!-450+)-!<)+2;!4591!56!

4()+0!)91)0-!7-+2;!+4!952;!3;5B!!

'()!0)934+*)! 95,!7-)!56!E32;05*)!,551! +2!%03<!<3:!1+66)0)1! 605E!3254()0!-471:!8521784)1! +2! 4()!-3E)!

30)3!+2!JLLe!?Z327347!P2*+052E)24!$2+4@!JLLGAB!'(+-!E3:!<)!)./93+2)1!<:!4()!/05;0)--+*)!+24051784+52!56!

394)0234+*)! -5708)-! 56! 855_+2;! +2! 4()! 93-4! V! :)30-! ?;3-A@! 8(32;)-! +2! 4()! 63E+9:! <)(3*+570! 321! 1+66)0)24!

-70*):!/0545859-B!!

Q58+39!+E/504328)!321!)8525E+8!*397)F!

S+4(! 32! 3*)03;)! )k7+*39)24! /0+8)! 321! 311)1! *397)! 56! JLL! Z4! /)0! <7219)! 56! E32;05*)! 6+0),551! 321! 3!

0)/938)E)24!85-4!56!VjL!Z4!/)0!<7219)!56!(57-)!321!6)28)!/5-4-HV@!4()!PQe!,3-!83987934)1B!

#2!%03<!<3:@!,)!)-4+E34)1!4(34!HjL!(57-)(591-!0)8)+*)1!<)2)6+4-!,+4(!-5E)!0);7930+4:!56!E32;05*)!,551!

650!6+0)!,+4(!32!322739!*397)!)k7+*39)24!45!Z4!JBH!MB!JeL!(57-)(591-!(3*)!7-)1!E32;05*)!,551!50!54()0!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

18 Based on market price of construction material retailers for equivalent posts in cement or other material. 
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7-)-!?(57-)!321!6)28)!/5-4-!E3+29:A!650!32!322739!*397)!56!Z4!HBeMB!!#2!45439!650!JLHJ@!,)!)-4+E34)1!3!*397)!

650!PQ!e!85E/0+-)1!<)4,))2!Z4!JBjM!321!eBI!M!?l$Q!JV!_!321!l$Q!jH_AB!!

#2!P0343/@!,)!)-4+E34)1!4(34!ej!(57-)(591-!0)8)+*)1!<)2)6+4-!,+4(!-5E)!0);7930+4:!56!E32;05*)!,551!650!

6+0)!,+4(!32!322739!*397)!)k7+*39)24!45!Z4!HIL_B!^)--!4(32!Jj!(57-)(591-!(3*)!7-)1!E32;05*)!,551!650!

54()0!7-)-!?(57-)!321!6)28)!/5-4-!E3+29:A!650!32!322739!*397)!56!Z4!HBUMB!!#2!45439!650!JLHJ@!,)!)-4+E34)1!

3!*397)!650!PQ!e!+2!P0343/!85E/0+-)1!<)4,))2!Z4!HM!321!HBi!M!?l$Q!HJ!_!321!l$Q!JJ_AB!!
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TPQ%>#C'#=&!

#2! %03<! <3:@! 25! 07039! 4570+-E! 384+*+4+)-! (3*)! <))2! 5<-)0*)1! +2! 4()! *+993;)-B! ]/304! 605E! -5E)! -8+)24+6+8!
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5887/328:! 034)! 30)!,+4(+2! 4()! 4570+-E!-4321301! ?<)4,))2!jj!321!IjmA!)k7+*39)24! 45! 3! 45439! 56!HL!ULL!

;7)-4-! +2! 4()!J!0)-504-! +2!JLHJB! ! #6!,)!311!0)-+1)24-!85E+2;!45! 4()!0)-4370324!321!-/)21!4()!13:!52!4()!

<)38(!,)!;)4!3!45439!56!HH!jLL!*+-+450-!+2!JLHJB!!

'()!E3+2!3440384+52-!30)! 4()!<)38(@!2347039! )2*+052E)24@! 0)93.34+52!321! 4()! 0)-4370324B! Q5E)!384+*+4+)-!

30)!1+0)849:!0)934)1!45!4()!85039!0))6-!?-250_)99+2;!4570@!<534+2;@!_3:3_+2;A!321!E32;05*)-!?_3:3_+2;AB!&5!

;7+1)1! 4570-! +2! 4()! E32;05*)-! (3*)! <))2! 5<-)0*)1B! #2! P0343/@! -5E)! 13:! 4570! 384+*+4+)-! 58870B! '():!

8500)-/521!45!*+-+450-!85E+2;!605E!4()!2)+;(<570+2;!0)-504-!45!-/)21!/304!56!4()!13:!+2!4()!*+993;)B!!

]99!4()!-87<3!1+*+2;!897<-!?UA!30)!<3-)1!+2!50!2)30!!C504KZ+93!8+4:B!'()!E5-4!60)k7)24)1!-87<3!1+*+2;!-+4)-!

30)!895-)!45!4()!83/+439!?4+E)!45!388)--!9)--!4(32!H!(570!<:!<534A!321!252)!56!4()E!+-!895-)!45!P0343/!n52)B!!

Q58+39!+E/504328)!321!)8525E+8!*397)F!

R3-)1!52!+24)0*+),-!,+4(!0)-504!E323;)0-!321!2)+;(<570+2;!*+993;)-@!,)!)-4+E34)1!4(34!j!45!HLm!56!4()!

;7)-4-!(3*)!*+-+4)1!!4()!E32;05*)!170+2;!4()+0!-43:!+2!JLHJ!?)k7+*39)24!45!VLL!/)0-52-!321!HHLL!*+-+4-!+2!

4()!E32;05*)AB!!

'5!1)4)0E+2)!4()!/05/504+52!56!!)./)2-)-!56!4()-)!*+-+450-!4(34!E3:!<)!3440+<74)1!45!E32;05*)-@!,)!2))1!
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19 The main attractions of Vanuatu rural tourism (VTO pers. Comm..) consist of : (i) nature (volcanoes, sites of natural beauty 

such as volcanoes, cascades, forests, beaches, coral reef and sites with specific attributes: turtle spawning places, fish 

biodiversity, emblematic species presence…) (ii) culture: the different lifestyles and languages constitute one important asset 

for tourism (iii) adventure: bushwalking, treks, discovery of custom sites, dancing grounds, volcanoes, scuba diving, etc. 
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Crab bay Eratap 1 Eratap 2

Total annual value (ES 6) 534 600 3 243 240 1 235 520

Coastal protection index 4,0 2,6 2,3

Mangrove contribution to coastal protection 24% 10% 5%

Average damage costs 
Vt 7100 per 

ha of coconut 
plantation

Probability of hazard event 44% 44% 44%

Vt 25000 per m2 of 
construction 
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2   J. Boone Kau!man and Daniel C. Donato

Figure 2. Large pneumatophores of a Sonneratia alba 
tree, Runuuw, Yap, FSM (Photo by J.B. Kau!man/Oregon 
State University)

estimates suggest the current value is near the low 
end of this range (Giri et al. 2010), which may 
re!ect both improved estimation techniques and/or 
losses associated with deforestation and conversion 
of mangroves. Asia supports the world’s largest 
mangrove areas, originally extending over 6.8 million 
ha and representing 34– 42% of the world’s total 
(Indonesia alone contains almost 23% of the world’s 
mangroves). "is is followed by Africa (20%), 
North and Central America (15%), Oceania (12%), 
South America (11%), and Australia (7%) (Giri et 
al. 2011). Southeast Asian mangroves are the best 
developed and probably the most species-diverse 
in the world (Giesen et al. 2007). Four countries 
(Indonesia, Brazil, Australia and Mexico) account for 
about 42% of all mangroves, and 64% of the total 
mangrove area is found in just 10 countries (Giri et 
al. 2011).

Mangroves are keystone coastal ecosystems providing 
numerous environmental services and critical 
ecological functions, a#ecting both upland and 
oceanic resources. "ese values include protection 
from storms and tsunamis (Giesen et al. 2007, Mitch 
and Gosselink 2007, Alongi 2009), regulation of 

water quality, breeding and rearing habitats for many 
species of $sh and shell$sh, important sources of 
wood and other forest products for local populations, 
and biodiversity, including habitats for many rare 
and endangered species (Duke et al. 2007, FAO 
2007). "ese ecosystems are a source of nutrients 
and energy for adjacent habitats including seagrass 
and coral reefs, and are also valued for aesthetics 
and ecotourism. As much as 75% of all tropical 
commercial $sh species spend part of their lifecycle in 
mangroves. Mangroves have been used for centuries 
by indigenous peoples for wood, thatch, medicines, 
dyes, and $sh and shell$sh. Mangrove forests are also 
among the major carbon sinks of the tropics (Cahoon 
et al. 2003, Bouillon et al. 2008, Nellemann et al. 
2009) (Figure 3).

Perhaps the least investigated, yet critically 
important, ecosystem service of mangroves is that 
of carbon storage. Mangrove carbon pools are 
among the highest of any forest type (Figure 3). For 
example, ecosystem carbon pools of mangroves in 
the Indo-Paci$c region are more than twice those of 
most upland tropical and temperate forests. A great 
proportion of this pool is belowground in organic-
rich soils which are highly susceptible to releasing 
signi$cant volumes of greenhouse gases if disturbed 
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Figure 3. Total ecosystem carbon pools (aboveground 
and belowground) for some major land cover types of 
the world

Source: Data for all forests, except mangroves are from IPCC 
(2001) and La!oley and Grimsditch (2009). Mangrove forests 
are those of the Asia-Paci"c region (Donato et al. 2011, 
Kau!man et al. 2011)
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20 The IPCC (Intergovernmental Panel on Climate Change) has established a tier system reflecting the degrees of certainty or 

accuracy of the carbon stock assessment. Tier 1 uses IPCC default values (i.e. biomass in different forest biomes, etc.) and 

simplified assumptions; it may have an error range of +/- 50% for aboveground pools and +/- 90% for the variable soil 

carbon pool. Tier 2 requires country-specific carbon data for key factors. Tier 3 requires highly specific inventory-type data 

on carbon stocks in different pools, and repeated measurements of key carbon stocks through time, which may also be 

supported by modelling.  
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!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

21  Added Value is defined as the difference between the sale price and the intermediate costs of a product (which consist of 

the total goods and services consumed as inputs in production). 
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?O+;70)!<)95,AB!!

'()!E)4(51!56!/051784+52!+2/74-!+-!<3-)1!52!)*39734+52!56!/(:-+839!*597E)-!;)2)034)1!<:!4()!)85-:-4)E!

?<+5E3--@! 4570+-E! 3440+<74)-@! )48BA! 321! 852-+1)0)1! 3-! 32! +2/74! +2! 4()! /051784+52! 56! -)0*+8)-B! '(+-! +-!

/304+879309:!,)99!313/4)1!45!1)4)0E+2)!4()!1+0)84!321!+21+0)84!*397)-!<74!(3-!030)9:!<))2!3//9+)1!+2!85039!

0))6!321!E32;05*)!*39734+52-B!%)-30!?HiiIA@!%)-30!)4!39B!?JLLUA!321!R)7_)0+2;!?JLLI!321!JLLGA!(3*)!7-)1!

4(+-!E)4(51@!)-4+E34+2;!4()!f)66)84!52!/051784+52g!4(057;(!4()!1+66)0)28)!+2!/05178)0-q!574/74!?6+-()0E)2@!

4570+-E! <7-+2)--)-A! 605E! 3! 8(32;)! +2! 4()! )85-:-4)EB! '()! 4)8(2+k7)! 832! <)! 7-)1! 45! 83987934)!E30;+239!
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)4! 39B@! JLLiA! 52! )8525E+8! *39734+52! 0)6)0-! 45! 4()! |E3.+E7E! /937-+<9)! 7-)|! 4(34! +4! E3:! <)! /5--+<9)! 45!

1)4)0E+2)! k739+434+*)9:! ?)B;B! <3-)1! 52! )./)04! 5/+2+52-A! 50! k7324+434+*)9:! 605E! /051784+52! 67284+52-! 650!

8)043+2!)85-:-4)E!-)0*+8)-B!!

]-! 0)85EE)21)1! <:! 4()! )8525E+8! 43-_6508)! 56! 4()! #O>P%=>! ?4()! O0)28(! #2+4+34+*)! 650! %5039! >))6A@! 4()!

/54)24+39! *397)-! -(5791! <)! 83987934)1! 650! 4()! 65995,+2;! -)0*+8)-F! 6+-(+2;@! 721)0,34)0! 4570+-E@! 853-439!

/054)84+52!321!,3-4),34)0!40)34E)24!?1+0)84!321!+21+0)84!*397)-AB!!'()!E3.+E7E!/937-+<9)!*397)-!E3:!<)!

834);50+n)1!3-!5/4+52!*397)-!56!8700)24!7-)-B!

Ecosystem services  
valuation 

Input production method Behaviour methods 

Producer surplus 
 (financial analysis) 

Replacement cost 

Damage cost avoided 

Revelead preferences Stated preferences 

Contingent valuation 

Choice experiment 

Hedonic value 

Travel cost 

Averting behaviour cost Deliberative monetary  
valuation 

Data envelopment  
analysis 

Damage schedule  

Citizen jury  

Scenarios workshop  



 

!

IRCP – Economic valuation of mangrove ecosystem services in Vanuatu. April 2013               Page 64 / 147 

!

>))6!321!E32;05*)!6+-(!/5/7934+52-!30)!*)0:!-)2-+4+*)!45!6+-(+2;!)66504!321!5*)06+-(+2;!+-!03/+19:!0)38()1!

+2! 4()-)! )85-:-4)E-B! &52)4()9)--@! 85039! 0))6! 321! E32;05*)! *39734+52-! 030)9:! 43_)! +245! 3885724! 4()!

)8595;+839!-7-43+23<+9+4:!56!4()!6+-()0:@!,()2!83987934+2;!32!)85-:-4)E!-)0*+8)!<3-)1!52!6+-()0+)-B!T)6+2+2;!

4()!*397)!<3-)1!52!4()!45439!6+-(!/5/7934+52!+-!+231)k734)!-+28)!4(+-!,5791!<)!)k7+*39)24!45!3!83/+439!*397)!

321!254!3!-7-43+23<9)!0)*)27)B!#2!501)0!45!83987934)!4()!/54)24+39!6+-()0:!PQ!50!45!/05D)84!67470)!PQ!695,-!+4!

+-!2)8)--30:!45!1)6+2)!3!E3.+E7E!322739!/051784+*+4:B!

#2!3!-+E+930!,3:@!4()!Q()03452!/30315.!?M+03794@!JLLIA!1)-80+<)-!(5,!4()!*39734+52!56!853-439!)85-:-4)E!

-)0*+8)-!9+2_)1!45!4570+-E!,+99!/05*+1)!<+;!27E<)0-!1)/)21+2;!E3+29:!52!4()!4570+-E!83/38+4:B!>)-794-!30)!

+21)/)21)24! 56! 67470)! )66)84-! 52! 4()! )85-:-4)E! 4(057;(! ,3-4),34)0@! 5*)0805,1+2;! 56! -+4)-@! )48B! '(+-!

+2*59*)-!1)6+2+2;!4()!9+E+4-!56!)8595;+839!321!-58+595;+839!8(32;)-!4(34!85791!837-)!-5E)!1);03134+52!<74!

4(34!,+99!<)!3995,)1!52!-+4)!?Q432_):!)4!39B@!HiVjAB!

]11+4+5239!E)4(51595;+839! k7)-4+52-! +28971)! (5,! /54)24+39! *397)-! -(5791! <)! 83987934)1!,()2! 4031)K566!

<)4,))2!)85-:-4)E!-)0*+8)-!).+-4B!O+-(!(30*)-4!+-!56!8528)02@!/304+879309:!,()2!4570+-E!+-!3!/54)24+39!252K

852-7E/4+*)!7-)!56!4()!6+-(!-458_B!T)6+2+2;!4()!4031)K566-!56!3!:+)91!4(34!*397)-!4()!1+*)0-+4:!56!6+-(!-/)8+)-!

650!4570+-E!0)934+*)!45!-)9)84+*)!6+-(+2;!650!852-7E/4+52!+-!3!6704()0!8(399)2;)B!

QC]'#]^!T#Q'>#R$'#=&!

M32:!8(399)2;)-!0)E3+2!+2!1)6+2+2;!4()!-/34+39!1+E)2-+52!56!4()!*39734+52!56!4()!)85-:-4)E!-)0*+8)-B!'()!

6+0-4!k7)-4+52!3110)--)-! 4()! 8(5+8)!56!,(34! +-!<)+2;!3--)--)1F! 4()!/938)!56! 4()!)85-:-4)E!/058)--)-@! 4()!

/938)!,()0)!4()!(7E32!384+*+4:!43_)-!/938)@!50!4()!/938)!,()0)!<)2)6+4-!,+99!<)!4032-650E)1!+245!E52):B!

=4()0! 8(399)2;)-! 8528)02! +E/504324! _25,9)1;)! ;3/-! +2! 4()! E30+2)! )8595;+839! /058)--)-! ?)B;B! 930*39!

1+-/)0-+52!321!405/(+8!E+;034+52-A!321!4()+0!-/34+39!1+-40+<74+52!?a)21399!321!C+8k7)99)@!JLLUr!^)+-@!JLLJr!

Q39)!)4!39B@!JLLjAB!!!

'()! /0384+839! +1)24+6+834+52! 56! 4()! -471:! /)0+E)4)0! 650! )38(! -)0*+8)! <)+2;! *397)1! +-! 254! 2)8)--30+9:!

-403+;(4650,301!321!832!+E/384!-7<-4324+399:!4()!57485E)!56!4()!3239:-+-!?M7E<:!321!Q4)2)8_@!JLLV3AB!#4!

-))E-!45!<)!39-5!3!_):!*30+3<9)!650!/59+8:KE3_)0-!,()2!)*39734+2;!/59+8:!8(5+8)-!7-7399:!+2697)28)1!<:!4()!

+1)24+6+834+52!56!4()!-/34+39!).4)2-+52!56!<)2)6+8+30+)-!50!95-)0-B!

%52-+1)0+2;!4()!85E/9).+4:!56!4()-)!/058)--)-!?*30+3<+9+4:!321!+E/504328)A!321!4()!4)8(2+839!8(399)2;)!45!

+1)24+6:!4()!695,-!56!1+-/)0-+52!56!-5E)!-)0*+8)-@!)-/)8+399:!E30+2)!-/)8+)-@!,)!,+99!0)9:!52!4()!E5-4!0)8)24!

-8+)24+6+8!0)-794-!45!0)69)84!4(+-!3-/)84!+2!4()!E32;05*)!)8525E+8!*39734+52B!!

!

%=MM$&#'h!%=&'Pc'!



 

!

IRCP – Economic valuation of mangrove ecosystem services in Vanuatu. April 2013               Page 65 / 147 

!

'()! 8524).4-! 56! 85EE72+4:! 321! 4031+4+5239! )8525E:! /5-)! 3! 8(399)2;)! 45! 4()! 2)5K893--+839! 3//0538(! 56!

+21+*+1739!E3.+E+n34+52!56!,)9630)B!]94(57;(!25!/7<9+-()1!-471+)-!).+-4! 45!570!_25,9)1;)@! +4! +-!/5--+<9)!

4(34! 87-45E30:! 4)270)! 30032;)E)24-! +2! 4()! C38+6+8! -+;2+6+83249:! -_),! 4()! +2697)28)! 56! 85EE72+4:! +2!

+21+*+1739!8(5+8)!?852-403+2-!50!)23<9)-A@!8932@!63E+9:@!*+993;)@!0)-5708)!3995834+52!1)8+-+52-!?%+22)0!)4!39B@!

JLLGAB! '(+-! 85791! k7)-4+52! 4()! 3//05/0+34)! -839)! 56! )8525E+8! *39734+52! 3239:-+-! 605E! 4()! +21+*+1739! 50!

+21+*+1739!(57-)(591!9)*)9!45!-5E)!<0531)0!-839)!?;057/!56!63E+9+)-@!8932@!*+993;)-@!)48BA!

M32:! 56! 4()! 2347039! 0)-5708)-! +2! C#%'-! 30)! 85EE72399:! 5,2)1@! 564)2! ,+4(! <572130+)-@! ,(+8(! 30)! 254!

89)309:! 1)6+2)1!50! 650E399:! 0)8501)1@! 80)34+2;!72+k7)! 8(399)2;)-! +2! 4()!7-)! 321!E323;)E)24! 56! 2347039!

0)-5708)-!+2!3!E51)02!,5091B!!

#2!E32:!C38+6+8!+-9321-!321!E3+29:!+2!M)932)-+3!?O+D+@!&),!%39)152+3@!C3/73!&),!N7+2)3@!Q595E52!#-9321-!

321! Z327347A@! 4()! 83-(! )8525E:! +-! -4+99! 721)0K1)*)95/)1B! '()0)650)@! 4()! *397)! 4(34! 95839! 85EE72+4+)-!

3440+<74)! 45!E52):@! 321! +4-! 67284+52! +2! 9+6)@! 1+66)0-!,+1)9:! 605E! 85EE52! )8525E+8! 3--7E/4+52-B! #-9321!

-58+)4+)-! 3--+;2! *397)! 45! 4(+2;-! 4(34! 938_! ).8(32;)! )k7+*39)24-@! 50! 0)934+*)! /0+8)-@! 321!,(+8(! 4()0)650)!

832254!<)!+28971)1!+2!'PZB!'(0))!832!<)!E)24+52)1!()0)!?^37032-!)4!39B@!JLHUAF!

}! '()!1);0))!56! 63E+9+30+4:! 56! +-9321)0-!,+4(! 4()!E32;05*)@!,(+8(! +-!E)3-70)1!<:! 4()!27E<)0!56!

/938)!23E)-!321!4()!27E<)0!56!6+-()-!23E)1!958399:B!'()-)!4,5!E)40+8-!30)!3!/05.:!650!<54(!4()!252K7-)!

*397)!56!4()!E32;05*)!321!+4-!7-)!*397)!?C38+6+8!+-9321)0-!23E)!529:!,(34!4():!7-)AB!

}! '()!059)!56!4()!E32;05*)!+2!4()!+1)24+4:!56!4()!*+993;)!85EE72+4:B!'()!(+;()-4!*397)-!30)!34438()1!

+2!4()!/938)!,()0)!4()!8325)!56!4()!65721+2;!328)-450!56!4()!+-9321!/5/7934+52!6+0-4!9321)1B!

}! '()!059)!56!4()!E32;05*)!+2!4()!-58+39!321!/59+4+839!/5-+4+52+2;!56!4()!85EE72+4:!45,301-!54()0!

+-9321!85EE72+4+)-B!'()!(+;()-4!*397)-!30)! 65721!3E52;!0))6! 6+-(+2;!8932-!3-! +2!&),!%39)152+3! ?^)<9+8@!

HiiiA!321!3E52;!85EE72+4+)-!,()0)!4()!399+328)!0)934+52-(+/-!30)!<7+94!52!-(30+2;!56!6+-()0:!/051784-@!

+28971+2;!47049)-@!3-!+2!'3223!+-9321@!Z327347!?R522)E3+-52@!HiVIAB!

'5! 570! _25,9)1;)@! 529:! 52)! -471:! (3-! 3110)--)1! 4()! 252K7-)! *397)! 56! 853-439! )85-:-4)E-! 650! 95839!

/5/7934+52-! +2!C#%'-B!'()!-471:!,3-!8521784)1! +2!O+D+!,+4(!-)*)039!85EE72+4+)-! 45! +1)24+6:! 4()!<)k7)-4!

*397)!34438()1!45!4()!0))6!?=~N3003@!JLHJAB!=qN3003q-!0)-794-!(+;(9+;(4!4(34!95839!85EE72+4+)-!,)0)!,+99+2;!

45!85240+<74)!U!(570-!56!4()+0!4+E)!/)0!,))_!45,301-!852-)0*34+52!E3+29:!650!67470)!;)2)034+52-!?<)k7)-4!

*397)AB! #2! 4(+-! -471:! -)*)039! 8(399)2;+2;! +--7)-! ,)0)! 03+-)1! -78(! 3-! 4+E)! 3995834+52! 85269+84! <)4,))2!

85EE7239!321!/)0-5239!5<9+;34+52-@!;)21)0!+2697)28)!+2!1)8+-+52KE3_+2;!321!85EE52!/05/)04:!0)-5708)!

E323;)E)24!<:!*+993;)0-B!]99!4()!54()0!,50_-!3110)--+2;!252K7-)!*397)-!4(057;(!8524+2;)24!*39734+52!50!

8(5+8)! )./)0+E)24! (3*)! <))2! )-4+E34)1! 650! (+;(K+285E)! ;057/-! 605E! ]7-4039+3! 50! 1)*)95/)1! C38+6+8!

+-9321-!?](E)1!)4!39B@!JLLGr!R)7_)0+2;!)4!39B@!JLLIr!%)-30!)4!39B@!JLLU3r!S(+44)2!321!R)22)44@!JLLeAB!



 

!

IRCP – Economic valuation of mangrove ecosystem services in Vanuatu. April 2013               Page 66 / 147 

!

'#MP!CP>#MP'P>!

P85-:-4)E!-)0*+8)-!*39734+52-!56!1+0)84!321!+21+0)84!7-)-!,+99!6587-!52!6+2328+39!695,-!50!)8525E+8!*397)-!

605E!4()!/0)*+57-!:)30!56!-471:B!&5!4+E)!/05D)84+52!?)B;B!25!1+-85724!034)A!+-!0)39+n)1!?).8)/4!650!830<52!

80)1+4!<3-)1!52!3*5+1)1!%=J!)E+--+52-!170+2;!UL!:)30-AB!!

'()! 1+0)84! 321! +21+0)84! +E/384-! 56! )85-:-4)E! -)0*+8)-! 52! 4()! 95839! NTC! ,+99! <)! )-4+E34)1! 4(057;(!

E794+/9+)0-!1)/)21+2;!52!1343!3*3+93<+9+4:B!

'()! 83987934)1! *397)-! 650! 7-)! *397)-! 30)! 85E/30)1@!,()0)! /5--+<9)@! ,+4(! 4()! 93-4! 6+*)! :)30-! 45! +1)24+6:!

/54)24+39!<+3-)-!321!720)/0)-)2434+*)!).8)/4+5239!-+4734+52-B!

$&%P>']#&'#PQ!]&T!%=&O#TP&%P!#&'P>Z]^Q!

'()! 1);0))! 56! 728)043+24:! 3--58+34)1! ,+4(! 83987934+52-! ,+99! <)! (+;(9+;(4)1! <:! 4()! /0)-)2434+52! 56! 4()!

95,)-4! 321!(+;()-4! )-4+E34)-! +2! 4()! 0)-794-B! %526+1)28)! +24)0*39-! 56! 4()! 0)-794-! 321! 54()0!E34()E34+839!

E51)9-! ?/051784+52! 67284+52-A! ,+99! <)! -/)8+6+)1! ?321! /0)-)24)1! ,+4(! 4()! 0)-794-AB! '(+-! 39-5! 3//9+)-! 45!

+2650E34+52!52!-7-43+23<+9+4:!/0384+8)-!4(34!-(5791!<)!721)09+2)1!321!(+;(9+;(4)1B!

P%=QhQ'PM!C>=%PQQPQ!]&T!QP>Z#%PQ!

]-! 254)1! <:! R39E6501! )4! 39! ?JLLVA@! +4! +-! +E/504324! 45! 1+-4+2;7+-(! 89)309:! 4()! /058)--)-! 321! )85-:-4)E!

-)0*+8)-B! C058)--)-! 30)! /(:-+839@! 8()E+839! 50! <+595;+839! 321! 85240+<74)! 45! 4()! E3+24)2328)! 56! 4()!

)85-:-4)E@!,(+9)!-)0*+8)-!30)! 4()!)21!;551-!321!-)0*+8)-! 4(34!1+0)849:!366)84! 4()!(7E32!,)9630)B! #2! 4(+-!

893--+6+834+52@! 850)! )85-:-4)E! /058)--)-! 321! <)2)6+8+39! )85-:-4)E! /058)--)-! 30)! +1)24+6+)1B! '()! 850)!

/058)--)-!-78(!3-!<+5;)58()E+839!8:89)-!321!/058)--)-!56!4()!,34)0!8:89)!384!3-!-7//504!45!<)2)6+8+30+)-q!

/058)--)-B! R)2)6+8+30+)-q! /058)--)-! ! -78(! 3-! <+5E3--! /051784+52! 50! /70+6+834+52! 56! ,34)0! 30)! 1+0)849:!

+2*59*)1!+2!4()!/051784+52!56!)85-:-4)E!-)0*+8)-!45!(7E32-B!!

!

P%=QhQ'PMQ!%=&&P%'#Z#'h!

%53-439! (3<+434-! ?85039! 0))6@! E32;05*)-@! -)3;03--@! -394E30-()-A! 30)! 9+2_)1! <+595;+8399:B! M32:! 6+-(! 321!

-()996+-(!-/)8+)-!74+9+n)!E32;05*)-!321!-)3;03--!<)1-!3-!270-)0:!;05721-@!321!)*)247399:!E+;034)!45!85039!

0))6-! 3-!31794-@! 529:! 45! 0)4702! 45! 4()!E32;05*)-!321! -)3;03--)-! 45! -/3,2! ?M7E<:!321!Q4)2)8_@!JLLV<r!

>7+4)2<))_@! HiieAB! #2! 311+4+52@! 4()! (+;(! <+595;+839! /051784+*+4:! 56!E32;05*)-@!E30-()-@! 321! -)3;03--)-!

39-5! /05178)! -+;2+6+8324! 3E5724-! 56! 50;32+8!E344)0! 4(34! +-! 7-)1! 1+0)849:! 50! +21+0)849:! <:!E30+2)! 6+-()-@!

-(0+E/-@!803<-@!321!54()0!-/)8+)-!?R30<+)0!)4!39B@!JLHHAB!'()!852-)k7)28)!+-!4(34!+24)08522)84)1!-)3-83/)-!



 

!

IRCP – Economic valuation of mangrove ecosystem services in Vanuatu. April 2013               Page 67 / 147 

!

85240+<74)!-+;2+6+83249:!45!-7//504+2;!6+-()0+)-!*+3!3!27E<)0!56!)85-:-4)E!67284+52-!+28971+2;!270-)0:!321!

<0))1+2;!(3<+434@!405/(+8!+24)0384+52-@!321!/0)13450K60))!(3<+434B!

]995,+2;! 650! 4()! 8522)84+*+4:! 56! (3<+434-! E3:! (3*)! +E/504324! +E/9+834+52-! 650! 3--)--+2;! 4()! )8595;+839!

67284+52-!721)09+2;!_):!)85-:-4)E-!-)0*+8)-@!-78(!3-!853-439!/054)84+52@!8524059!56!)05-+52@!321!(3<+434t

6+-()0:!9+2_3;)-B!=29:!0)8)249:!(3*)!-471+)-!<);72!45!3--)--!4()!87E7934+*)!+E/9+834+52-!650!4()-)!-)0*+8)-@!

50!45!E51)9!4(+-!8522)84+*+4:!?R30<+)0!)4!39B@!JLHHAB!!

! !



 

!

IRCP – Economic valuation of mangrove ecosystem services in Vanuatu. April 2013               Page 68 / 147 

!

TP']#^PT!MP'W=TQ!O=>!M=&P']>h!Z]^$]'#=&!=O!P%=QhQ'PM!QP>Z#%PQ!

'()! 65995,+2;! 43<9)! -7EE30+n)-! 4()!1+66)0)24!E)4(51-!7-)1! 650! 4()!E52)430:! *39734+52!56! 4()!1+66)0)24!

)85-:-4)E! -)0*+8)-B! i! )85-:-4)E! -)0*+8)-! (3*)! <))2! +1)24+6+)1F! 4()! -7<-+-4)28)! 6+-()0:! ?PQHA@! 4()!

85EE)08+39! 6+-()0:! ?PQJA! +28971+2;! /056)--+5239! 321! 252! /056)--+5239! 6+-()0:! 3-! ,)99! 3-! 853-439! 321!

E32;05*)!9+2_)1!/)93;+8!6+-()0:@!4()!0)80)34+5239!50!-/504!6+-(+2;!?PQUA@!4()!54()0!).40384+*)!7-)-!-78(!3-!

,551@!E)1+8+2)! ?PQeA@! 4()! 4570+-E! 384+*+4+)-! 9+2_)1! 45!E32;05*)-! ?PQjA@! 4()! 853-439! /054)84+52! 3;3+2-4!

69551! ?PQIA@! 4()! <+5! 0)E)1+34+52! 56!,3-4)!,34)0-! ?PQGA@! 4()! -)0*+8)! 56! -)1+E)24! 403/! 45! 0)178)! 853-439!

)05-+52!?PQVA!321!4()!830<52!-)k7)-4034+52!?PQiAB!!!!

!

D:M&3!)(K!L30:%&=!,?!<:&J:0%,;!>30/,@=!?,$!>:;.$,<3!

! !

Services Evaluation method Service quantification Spatial perimeter Turn over Intermediary costs Multiplier

Subsistence fishery (ES 1) Producer surplus 
Replacement price of  protein 

equivalent
Weighting factor

Business Expenditure Survey (BES) 
with fishermen

Producer surplus 
Catch volumes (kg) of  coastal 

species 
Intermediary costs of  fishery

Producer surplus
Business Expenditure Survey (BES) 

with tourism operators
Producer surplus 

BES and surveys with users

Advertising Image Analysis

Biophysical and oceanographic 
model

Coastal zone in potential flooding 
zone (probability)

Damage costs avoided 
Contribution of  mangroves to 
coastal protection
Urbanized area and damage 
valuation

Biophysical model

Replacement costs

Biophysical and oceanographic 
model

Replacement costs or  damage costs 
avoided on tourism activities

Market price 

Market option price

Willingness to Pay

Wood extraction (ES4) Mangrove zone Market price Producer surplus
Volumes of  wood extracted per 

type of  use 

Medicine use (ES4) Producer surplus

Non use value (existence) (ES 11)
Villages closed to mangroves, 

tourists, urban inhabitants

Biodiversity credits (ES 10)
Due diligence agreement for 

mangrove 

Bio-remediation (ES7) Mangrove zone

Volumes of  active ingredient 
extracted per type of  use 

Mangrove zone Replacement cost 

Intermediary costs of  activity Tourism sector

Specific biodiversity indicators Mangrove zone

Carbon sequestration (ES 9)
Quantification of  carbon annual 

sequestration and CO2 eq.  trapped 
in soil

Mangrove zone
Market Price or OTC for mangrove 

CER 

Replacement costs of  water 
treatment unit 

Sediment trap (ES 8)
Mangrove zone and sea current 

regime 
Replacement costs or  damage costs 

avoided on tourism activities
Quantification of  sediment charge 

and spatial dispersion

Quantification of  nutrient charge 
and water treatment

Associated expenses linked to 
activities in mangroves (ES 5)

Quantification and segmentation of  
tourists per category of  use 

Local expenses (accommodation, 
food, local transport) + 
international transport 

Intermediary costs of  activity Tourism sector

Mangrove zone

Tourism zones 

Mangrove tourism (day tours, 
guided visits) (ES5)

Visits Price of  services 

Coastal protection (ES6)
Coastal protection zone (back of  

mangroves)
Real estate values 

Fishery sector and distribution
Intermediary costs of  fishery and 

distribution circuit
Final consumer prices + elasticity 

factor
Producer surplus 

Catch volumes (kg) of  coastal 
species 

Catch in mangroves and ontogenic 
migration (spillover area around the 

mangroves)

Coastal fishery (ES 2) 
(professional and non 

professional)

Catch volumes (kg) of  coastal 
species 

Final consumer prices

Intermediary costs of  fishery and 
distribution circuit

Fishery sector and distribution

Recreational coastal fishery (ES3)
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relates to the MEA framework. This is, naturally, work in progress: the MEA is still very 
recent, and much more work will still build from it.  

 

 

Figure 7 Classification of ecosystem services followed in the Millennium Ecosystem Assessment 
(MEA 2005). 

3.3 The need to avoid double counting  

Ecosystem services have been defined in the literature in a diversity of ways (see Fisher et 
al. in press-a for a review), including the “conditions and processes through which natural 
ecosystems, and the species that make them up, sustain and fulfil human life” (Daily 1997), 
“the benefits human populations derive, directly or indirectly, from ecosystem functions 
(Costanza et al. 1997), and “the benefits people obtain from ecosystems” (MEA 2005). 
These definitions reveal a mix between ecological functions (e.g. pollination, water 
regulation) which are the means for the production of benefits, and the ends (benefits) 
resulting from these processes (e.g., food from crops, drinking water) (Wallace 2007). 

The MEA classification of ecosystem services has proved highly useful as an educational 
and policy tool. However, as many economists have pointed out since its publication, it is 
not fit for the purpose of economic evaluation (Boyd & Banzhaf 2007; Wallace 2007; 
Fisher et al. in press-a). By mixing processes (means) and benefits (ends) it is particularly 
prone to double counting. For example, the regulating service ‘water purification’ provides 
added value to the benefits that this process underpins, including drinking water, food 
(through purification of water used in crop irrigation and in rivers producing freshwater 
fisheries) and cultural benefits (e.g., aesthetic, spiritual and tourism benefits from a clean 
river). Valuing separately ‘water purification’ and ‘drinking water’, ‘food’, and ‘cultural 
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Total Economic Value  
Mangrove ecosystem services 

Use values 
Non-use values 

Direct use  
with extraction 

Direct use 
without extraction Indirect use Option or potential  

use 

•  Subsistence fishery 
•  Sport fishery 
•  Coastal commercial fishery 
•  Pelagic fishery 

•  Nature tourism  
•  Nautical tourism 
•  Education and research 

•  Coastal protection 
•  Bio epuration 
•  Sediment trap  
•  Landscape formation   

•  Bio-prospection 
•  Maximum Sustainable Yield 
•  Tourism carrying capacity 
•  Others 

Existence and bequest value  
(Self and altruist ) 
• Cognitive  
• Cultural 

Non-economic value 

•  Intrinsic value 
 
•  Moral value 

Induced use 

•  Aquaculture 
•  Others 
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Fig. 1. Interactions in the tropical seascape, showing the connections between mangroves, sea-grass beds and coral reefs.

3.2. Mining of reefs

Among the obviously destructive coral reef uses
are the exploitation of hard corals for building
materials and for the production of lime, mortar
and cement (Dulvy et al., 1995). In the Maldives,
coral blocks, rubble and sands serve as the main
construction materials with approximately 20 000
m3 corals mined every year (Cesar, 1996). Lime is
also used as a pH regulator in agriculture (Cesar
1996), and in some regions coral debris is also

corals were imported to the United States in
1991.

The use of the natural resources described
above could perhaps be sustainable, but there is a
tendency for their overexploitation, especially
when world market prices rise (e.g. Cesar, 1996;
Birkeland, 1997b). Further, the dynamic complex-
ity of coral reef ecosystems implies that it is
extremely difficult to estimate sustainable harvest
rates of reef organisms (Sorokin, 1993; Hodgson,
1997).
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+2!4()!*39734+52F!?+A!4()!6+-(+2;!384+*+4:!2))1-!95,!0)k7+0)E)24!56!+2*)-4E)24!321!403+2+2;!?Q/0)/@!JLLGA@!

?++A! +4! 832!<)!3! 638450!56! -58+39! 85()-+52! +2!*+993;)-!<)837-)! +4! 85240+<74)-! 45!E3+243+2! 4()!,5E)2! +2! 4()!

*+993;)-!+2-4)31!56!-))_+2;!3!83-(!+285E)!574-+1)!?R)2-3!321!O0):--@!HiieA@!?+++A!650!-5E)!(57-)(591-!4()!

/304! 56! 4()! /054)+2! 5<43+2)1! 605E! 6+-(+2;! +2! 4()! 45439! 1+)4! +-! 252K0)/938)3<9)! ?C599238! )4! 39B@! JLLLA@! ?+*A!

6+-(+2;!+-!3!-43<9)!6551!-5708)!3;3+2-4!67470)!728)043+24+)-!321!3!,3:!45!-/0)31!39+E)2430:!0+-_-!?`5(322)-@!

JLLJAB!'5!0)69)84!4()-)!<)2)6+4-!56!4()!-7<-+-4)28)!6+-()0:@!3!,)+;(4K8500)84+2;!638450!?<A!56!HBU!+-!3//9+)1!

45!4()!0)-794-!56!311)1!*397)!?Q)+19!)4!39B@!JLHHA!

%=]Q']^!%=MMP>%#]^!O#QW#&N!?PQJA!

TPO#&#'#=&!

P85-:-4)E! -)0*+8)! 56! 85EE)08+39! 6+-()0:! ?PQJA! +28971)-! 399! 83/470)-! 56! 0))6! 321! E32;05*)! 6+-(! 321!

+2*)04)<034)-!-591!650!6551!50!650!-()99-B!O551!832!<)!-591!3-!60)-(!50!/0)/30)1B!

O+-(!+28971)!399!-/)8+)-!4(34!-/)21!34! 9)3-4!52)!5245;)2+8! 9+6)!-43;)!50!405/(+8!E+;034+52!+2!4()!0))6-!321!

E32;05*)!)85-:-4)E-B!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

22 For fishermen, a metier is an activity characterised either by the use of a specific gear, or by targeting a specific species, or 

within a specific fishing zone. 
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O=>M$^]!

'()! -3E)!E)4(51! 3-! 4(34! 7-)1! 650! ! -7<-+-4)28)! 6+-()0:! ,3-! 3//9+)1! 45! 83987934)! 4()! 6+2328+39! *397)! 56!

85EE)08+39! 6+-()0:B! O+0-4! 3! k7324+6+834+52! 56! 4()! 322739! 8348()-! ,3-! )-4+E34)1! 321! 4()2! )8525E+8!

*39734+52!,3-!3//9+)1!52!4(+-!0)-794B!

O50!4()!*39734+52@!4()!650E793!+-F!!

P8+$&+:0'L+MM8%"OMQR)@+O+0:@+R+N%+<C%@++

S+4(F!!

CE!F!3*)03;)!E30_)4!/0+8)!650!85EE)08+39!8348()-!!

%#+!F!#24)0E)1+30:!;551-!/)0!6+-(+2;!EY4+)0-!321!54()0!0)934)1!<7-+2)--)-!?+A!

]+)F!O+-()0:!8348(!*597E)!?-3E)!3-!650!!-7<-+-4)28)!6+-()0:A!

-F!/05/504+52!56!8348()-!650!-7<-+-4)28)!6+-()0:!B!

O#QW#&N!POO=>'!

'()!1343! 8599)84+52!E)4(51-!30)! 4()! -3E)!52)-!3-! 650! -7<-+-4)28)! 6+-()0:B!&5!1+66)0)28)!).+-4-!<)4,))2!

<54(! 6+-()0+)-! +2! 4()! 430;)4! -/)8+)-!50! +2! 4()!EY4+)0-! ).8)/4! 650! 4058(7-! 6+-()0:! ?,(-&./)+)01A@!,(+8(!30)!

8599)84)1!-/)8+6+8399:!45!<)!-591!650!4()+0!-()99-!+2!4()!83/+439B!!

C>#%P!

O+26+-(! 321! +2*)04)<034)-! 30)! -591! ! 60)-(! 50! /058)--)1! 3-! )+4()0! 3! E3+2! 1+-(! ! 50! 3-! 3! 85E/9)E)24B!

%5EE)08+39+n)1!60)-(!50!/0)/30)1!6551-!30)!*397)1!<3-)1!52!4()+0!E30_)4!/0+8)B!'(+-!3995,-!85*)0+2;!399!

4()!311)1!*397)!;)2)034)1!<:!0))6!6+-()0:!-)8450B!'()!/0+8)!56!0))6!6+26+-(!+-!-/)8+)-!+21)/)21)24!321!15)-!

254! -))E! 45! 69784734)!388501+2;! 45! 80+4)0+3!56! -7//9:!50!1)E321B!'()!/0+8)! 650! 803<-!(3-!<))2! 8599)84)1!

,+4(!+24)0E)1+30+)-B!!

S()2!7-)1!3-!3!85E/9)E)24!+2!/0)/30)1!6551@!4()!85EE)08+39!*397)!+-!<3-)1!52!4()!6+239!852-7E)0!/0+8)!

852*)04)1!,+4(!4()!)-4+E34)1!,)+;(4!56!6+-(!+2!4()!/0)/3034+52B!

]TTPT!Z]^$P!
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'()!85EE)08+39!8+087+4!650!60)-(!6+-(!+-!-(504B!'()!6+-()0E)2!(3*)!J!5/4+52-F!-)99!1+0)849:!45!852-7E)0-!?+2!

4()! *+993;)! 50! +2! 4()! 8+4:A! 50! 45! 32! +24)0E)1+30:!,(5!,+99! -)99! +2! 4()! 8+4:B! Q39)-! +2! 4()! 8+4:! 832! <)!E31)!

+2650E399:!+2!-5E)!2)+;(<570(551-!50!4(057;(!4()!E30_)4!/938)B!&5!1+0)84!-39)-!56!0))6!6+-(!50!803<-!(3*)!

<))2!5<-)0*)1!,+4(!852-7E)0-!-78(!3-!0)-4370324-!50!6+-(!0)43+9)0-B!!!

#2!4()!-471+)1!*+993;)-@!399!4()!+24)0E)1+30+)-!<)952;!45!4()!-3E)!*+993;)!3-!6+-()0E)2B!'()!1+-40+<74+52!56!

4()!6+-()0:!<)2)6+4-!/)0!38450!+-!4()2!9+E+4)1!45!4()!*+993;)!9)*)9B!!

#24)0E)1+30:!85-4-!/)0!6+-(+2;!EY4+)0-!30)!4()!-3E)!52)-!3-!650!4()!-7<-+-4)28)!6+-(+2;B!'()!85-4-!0)934)1!

45!85EE)08+39+n34+52!-78(!3-!+8)@!4032-/504@!E30_)4!/938)!321!93<570!85-4-!,)0)!8599)84)1B!!

TP']#^Q!=O!MP'W=T!%=MM=&!'=!R='W!O#QWP>#PQ!

]&&$]^!Pc'>]C=^]'#=&Q!!

'()!).403/5934+52!56!5<-)0*)1!0)-794-! 45!32!322739!<3-)!(3-!2))1)1!-5E)!8500)84+52-B!'()!(54!321!,)4!

-)3-52! 93-4-! 605E! &5*)E<)0! 45! ]/0+9! 321! +-! 8(30384)0+n)1! <:! (+;()0! 4)E/)03470)-B! '()! /)0+51! (3-! 32!

+E/384!52!4()!6+-(+2;!)66504!3-!6+-()0E)2!832!-43:!952;)0!+2!4()!,34)0!50!E50)!6+-(+2;!40+/-!832!<)!E31)B!]-!

1)-80+<)1! <:! ]E5-! ?JLLGA@! 6+-(+2;! 384+*+4:! +-! 564)2! 8500)934)1! 45! 4()! 3;0+879470)! 839)2130! 321! 4()! ,)4!

-)3-52!8500)-/521-!45!3!,)3_)0!805/!384+*+4:B!'()-)!J!/54)24+39!-5708)-!56!<+3-!30)!43_)2!+245!3885724!+2!

4()! ).403/5934+52-! 4(057;(! 4()! 3//9+834+52! 56! 3! 638450! 56! HBU! 52! 4()! 8348()-! 605E! -/)30! ;72! 321!HBJ! 650!

;+992)4-B!O38450-!,)0)!1)178)1! 605E!3!/0)*+57-!-471:!?M))-!321!]21)0-52@!HiiiA!,(+8(!-70*):)1!3! 6799!

:)30!56!6+-(+2;!)66504!650!4()!-3E)!;)30-B!!

M]c#M$M!Q$Q']#&]R^P!h#P^T!%=>>P%'=>!

'()! 5<43+2)1! 8348()-! ,)0)! 3;;0);34)1! 321! 0)/504)1! 45! 4()! 6+-(+2;! ;05721-! 30)3! ?+2! 4B:KHB_EKJA! 321!

85E/30)1!45!3!0)6)0)28)!56!M3.+E7E!Q7-43+23<9)!h+)91!?MQhA!*397)!650!0))6!6+-()0+)-B!'()!*397)!56!j!4B!:K

HB_EKJ! 56! 0))6! +-! /05/5-)1! 3-! 32! +21+83450! 56! -7-43+23<+9+4:! 650! 85039! 0))6! 6+-()0+)-! ?]0E313! )4! 39B@! JLLir!

`)22+2;-! 321! C5972+2@! Hiijr!M7E<:! 321! Q4)2)8_@! JLLV<r!M7205@! HiVer! &),452! )4! 39B@! JLLGAB! O50!E71!

803<-@!3!E3.+E7E!8348(!56!j!LLL!+21+*+1739-!650!4()!,(59)!n52)!+-!43_)2!3-!3!*)0:!3//05.+E34)!321!39E5-4!

30<+4030:!0)6)0)28)!?Z+993-E+9!321!M)215n3@!JLLHAB!!#2!4()!83-)!56!*+993;)-!,+4(!:+)91-!-70/3--+2;!4()!MQh@!

529:!4()!:+)91-!721)0!4(+-! 9)*)9!,)0)!43_)2! +245!3885724B!'()!721)09:+2;! +1)3! +-! 45! 9+E+4! 4()!*39734+52!45!

-7-43+23<9)!384+*+4+)-!529:B!!!!!

CP^]N#%!]&T!TPPC!QP]!O#QWP>h!
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>);301+2;!)66)84-!52!/)93;+8!321!1))/K-)3! 6+-()0+)-! +4!,3-!1)8+1)1!254! 45! +28971)! 4()E! +2! 4()!*39734+52B!

MC]!(3-!*)0:!9+449)!)66)84!52!4()!<)24(+8!-/)8+)-!56!4()!8524+2)2439!-()96!321!566-(50)!/)93;+8!-/)8+)-B!'()!

529:!1)E52-4034)1!)66)84-!,5791!<)!4()!405/(+8!).8(32;)!4(057;(!)./504!56!0))6!6+-(!-/)8+)-!930*3)!605E!

MC]B!'()-)!0))6! 6+-(!-/)8+)-! 930*3)!E3_)!7/!/304!56! 4()!1+)4!56!-5E)!252K853-439! 6+-(!-/)8+)-B!W5,)*)0@!

-471+)-!3239:-+2;! -45E38(!8524)24-! -(5,! 4(34! 4()! 85240+<74+52! +-! 0)934+*)9:! 95,! ?<)4,))2!jKHLm!56! 4()!

45439!1+)4A!?]993+2@!JLLiAB!

QC=>'!O#QW#&N!?PQUA!

TPO#&#'#=&!

'()! )85-:-4)E! -)0*+8)! 56! -/504! 6+-(+2;! 50! 0)80)34+*)! 384+*+4:! ?PQUA! 8500)-/521-! 45! 4()! 252K85EE)08+39!

6+-()0:!,()0)!399!8348()-!30)!3745!852-7E)1@!;+*)2!50!).8(32;)1!<74!25!E52)430:!4032-384+52!43_)-!/938)B!!

',5! 4:/)-! 56! 6+-()0+)-! 30)! 1+-4+2;7+-()1F! 4()! 6551! 50! -7<-+-4)28)! 6+-(+2;! 321! 0)80)34+5239! 6+-(+2;B! ]-!

1)-80+<)1!<)650)@! 4()!-7<-+-4)28)! 6+-()0:!?PQHA!(3-!3!1+66)0)24!*39734+52!3//0538(!321! +4! +-!2)8)--30:!45!

+1)24+6:!4()!*597E)-!321!6+-(+2;!)66504!56!)38(!52)B!

]/304! 605E! 4()! 4,5! ).40)E)-! <)4,))2! 6+-(+2;! 3-! 32! +E/504324! -5708)! 56! 2740+4+57-! 6551! 321! 3! HLLm!

0)80)34+5239! 6+-(+2;!?k73-+K252K1)/)21)24!52!8348()-A@! 4()0)!30)!-)*)039! +24)0E)1+34)! 9)*)9-!E3_+2;! 4()!

1+-4+284+52!<)4,))2!4()!4,5!4:/)-!56!6+-(+2;!-5E)4+E)-!1+66+8794B!

>)8)24! -471+)-! ?Z+09:@! JLLJA! -(5,! 3! 8524+277E!<)4,))2! 4()-)! 4,5! 4:/)-! 56! 6+-(+2;! 034()0! 4(32! 893--)-!

,+4(!1+-4+284!<572130+)-B!N031+)24-!832!<)!8(30384)0+n)1!<:!1+66)0)24!*30+3<9)-B!

^5,!27E<)0!56!-5708)-!56!6551!yyyyyyyyyyyyyyyy!W+;(!27E<)0!56!6551!-5708)-!

C)0+K70<32!yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy!70<32@!07039!

^30;)!<534@!E5450!yyyyyyyyyyyyyyyyyyyy!!0))6!;9)32+2;@!6554!!

>)-)308(!)66504!,+99!<)!E31)!45!+1)24+6:!321!834);50+n)!4()-)!;057/-!+2!501)0!45!k7324+6:!4()EB!

'()!)-4+E34)!56! 0)80)34+5239! 6+-(+2;! +2*59*)-!3--)--+2;! 4()!254+52!56! 9)+-70)B!>)80)34+5239! 6+-(+2;!1+66)0-!

605E!54()0!85EE)08+39!6+-()0+)-!50!-7<-+-4)28)!+2-5630!3-!-34+-6384+52!56!6+-()0E32!+-!254!<3-)1!529:!52!3!

8348(!50!3!6+2328+39!<)2)6+4!<74!52!,)99!<)+2;!;)2)034)1!<:!3!9)+-70)!384+*+4:B!$289)-!?HiiGA!1)E52-4034)1!

4(+-!6384!+2!3!0)9)*324!,3:!<:!/0)-)24+2;!0)-794-!+2!4()!-434)!56!Z+8450+3!?]7-4039+3A@!,()0)!4()!3*)03;)!85-4!

56!6+-(!837;(4!<:!-/504!6+-()0-!+-!305721!l$Q!HJL!/)0!_;!?$289)-!HiiGA!3;3+2-4!3!/708(3-)!/0+8)!l$Q!j!/)0!

_;!52!3*)03;)B!!
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O50! 4()! 83987934+52!56!/05178)0! -70/97-@! 4,5!3-/)84-!30)! 852-+1)0)1F! ?+A! 4()!*397)!56! 6+-(! 8348()-! +6! 4():!

,)0)!45!<)!0)/938)1!<:!/708(3-)-!52!4()!85EE)08+39!8+087+4! ?)-4+E34)-!56!1)E321!-7<-4+4743<+9+4:A@!321!

?++A!4()!311)1!*397)!;)2)034)1!<:!4()!<534+2;!+217-40:!8522)84)1!45!0)80)34+5239!6+-(+2;B!

W5,)*)0@! 4(+-! 8(5+8)! +E/9+)-! 4(34!399! 0)80)34+5239! 8348()-! -(5791!<)! -7<-4+474)1!<:!/708(3-)-!56! -+E+930!

6+-(!52!1+66)0)24!5749)4-!56! 4()!85EE72+4:B!=6! 8570-)@! +4! +-!254!/5--+<9)! 45!852-+1)0!3! 45439! 0)/938)3<+9+4:!

<)4,))2! 4()! 8348(! 56! 0)80)34+5239! 6+-(+2;! 45! 85EE)08+39! 6+-(+2;B! '()! 638450! )93-4+8+4:! 56! 1)E321! +-!

)-4+E34)1! 650! 0)80)34+5239! 6+-()0E)2! ,(5! (3*)! 388)--! 45! 3! 0);7930! E30_)4! 56! 0))6! 6+-(B! '(+-! 638450!

8500)-/521-!45!4()!/05/504+52!56!8348()-!605E!0)80)34+5239!6+-(+2;@!,(+8(!,5791!1+-3//)30!+6!4()-)!/)5/9)!

(31! 45! <7:! 4()+0! 8348(B! '(+-! 638450! ,+99! <)! )-4+E34)1! 605E! E))4+2;-! ,+4(! *30+57-! )./)04-! 3-! ,)99! 3-!

+24)0*+),-!,+4(!0)80)34+5239!6+-()0E)2B!

'()!311)1!*397)!9)*)9-!30)!4()!-3E)!3-!4(5-)!56!4()!85EE)08+39!6+-()0:B!

&]$'#%]^!QP%'=>!^#&aPT!'=!>P%>P]'#=&]^!O#QW#&N!!!

'()!3//0538(!65995,-!4()!E)4(51!)./5-)1!<)95,F!

Z]!v!?27E<)0!56!<534-!0);+-4)0)1!+2!:)30!2!�!4()!/708(3-)!/0+8)!K!+24)0E)1+34)!85-4-A!Ç!?27E<)0!56!6+-(+2;!

40+/-!�!]22739!3*)03;)!)./)21+470)!/)0!40+/!t!+24)0E)1+34)!85-4-!!+2*59*)1AB!

'()!0)80)34+5239!<534+2;!+217-40:!8500)-/521-!45!3!|85()0)24!-)4!56!384+*+4+)-!304+87934)1!+2!3!/051784+*)!

-:-4)E|!4(34!E))4-!4()!/0+28+/9)!56!4()!8528)/4!56!+217-40:@!3-!1)6+2)1!<:!)8525E+-4-B!'()!+217-40:!832!<)!

1+*+1)1!+245!?+A!4()!<7-+2)--!56!4()!<534@!E5450!321!)k7+/E)24!321!?++A!4()!)./)21+470)-!0)934)1!45!<534-B!

%3987934+52-!56!<534!X!E5450!X!)k7+/E)24!+217-40:!30)!<3-)1!52!4()!1)4)0E+234+52!56!32!3*)03;)!/708(3-)!

/0+8)!/)0!-(+/!4:/)!?-+n)!321!/5,)0A!321!)k7+/E)24B!

!'()! k7324+6+834+52! 56! 4()! 27E<)0! 56! 322739! 0);+-4034+52-@! +E/504! ?50! E327638470)A! (301,30)! 321! 4()!

27E<)0!56!322739! 40+/-!30)!)-4+E34)1! 605E!*30+57-!-5708)-!?M)08(324!&3*:@!%7-45E-!-434+-4+8-@!-70*):-!

,+4(!).+-4+2;!7-)0-@!BBBAB!'()!-471:!93728()1!+2!JLLG!<:!4()!O0)28(!M+2+-40:!56!];0+879470)!321!O+-()0+)-!52!

0)80)34+5239! 6+-(+2;! ?0)80)34+5239! 321! -/504-A! 34! -)3! ,+99! <)! 313/4)1! 45! 4()! 95839! 8524).4! <3-)1! 52!

C708(3-+2;!C5,)0!C30+4:!?W)-452!)4!39B@!JLLiA!321!<3-)1!52!4()!/0+8)!56!/504!6))-@!E30+23-!321!+2-70328)B!

'()!311)1!*397)!56!4()!4,5!-)8450-!+-!4()2!83987934)1B!

='WP>!Pc'>]%'#ZP!$QPQ!?PQeA!

O50!54()0!)85-:-4)E!-)0*+8)-!/05*+1)1!<:!54()0!).40384+*)!7-)-!?,551@!3k730+7E!+217-40:@!-57*)2+0-A!4()!

+1)3!+-!45!7-)!E)4(51-!*+3!4()!/05178)0!-70/97-B!
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O50!).3E/9)@!3254()0! 4:/)!56!).40384+*)!7-)! +-! 4()!3k730+7E! +217-40:B!'()!E)4(51595;:! 45!83987934)! 4()!

311)1!*397)!56!4()!+217-40:!65995,-!3!893--+8!,3:!F!!

Z]!v!Z597E)!8599)84)1!�!O+239!C0+8)!K!#24)0E)1+34)!85-4-!

!

!

! !
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Z]^$]'#=&!=O!'=$>#QM!P%=QhQ'PM!QP>Z#%P!?PQ!jA!

!

#MC^#%]'PT!P%=QhQ'PM!C>=%PQQPQ!

!

!

!

I%.J$3! 'PK! i3-! 34,=-=03>! #$,43==3=!

%;<,&<3@!%;!0,J$%=>!=3$<%43=N!

!

O50!4570+-E!384+*+4+)-@!J!*39734+52!E)4(51-!30)!7-)1F!!

?+A +217-40:!/05178)0!-70/97-!650!E30_)4!4570+-E!384+*+4+)-!0)934)1!45!4()!)85-:-4)E!/058)--)-@!

321@!!

?++A ?++AÉÉÉ!
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!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

23 In economics, count data models have been used to explain a variety of phenomenon, such as explaining successful patents derived from 

firm R&D expenditures, accident rates, disease incidence, crime rates and recreational visits (see (Barbier, 2007b) for more details). Count 

data models could be used to estimate whether the presence of an ecosystem affects the expected incidence of economically damaging storm 

events. 
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!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

24 With the overwhelming evidence of the storm protection service provided by intact and healthy mangrove systems, since the tsunami 

disaster increased emphasis has been placed on replanting degraded and deforested mangrove areas in Asia as a means to bolstering coastal 

protection. For example, the Indonesian Minister for Forestry has announced plans to reforest 600 000 hectares of depleted mangrove forest 

throughout the nation over the next 5 years. The governments of Sri Lanka and Thailand have also stated publicly intentions to rehabilitate 

and replant man- grove areas (UNEP, 2005; Harakunarak and Aksornkoae, 2005). 
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25 it assesses the damage costs avoided by the presence of the ecosystems. This is a special category of ‘valuing’ the 

environment as ‘input’; it assumes that the value of an asset that yields a benefit in terms of reducing the probability and 

severity of some economic damage is measured by the reduction in the expected damage (Barbier, 2007b). 
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Figure 3. Streamlines of mean surface wind 
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Category Count

Category 5 (H5) 0

Category 4 (H4) 2

Category 3 (H3) 9

Category 2 (H2) 4

Category 1 (H1) 9

Trop./Sub. Storm (TS/SS) 7

Trop./Sub. Depression (TD/SD) 0

Extratropical (ET) 0

Unknown (N/A)

Vanuatu

Historical Hurricane Tracks
National Oceanic and Atmospheric Administration

http://www.csc.noaa.gov/hurricanes

Summary of Search:
Location: Éfaté, island, Vanuatu
Buffer: 120380 Meters (65 Nautical Miles)
Search Refined By:
Timeframe

Summary of Storms

Category Count
Category 5 (H5) 0
Category 4 (H4) 2
Category 3 (H3) 9
Category 2 (H2) 4
Category 1 (H1) 9
Trop./Sub. Storm (TS/SS) 7
Trop./Sub. Depression (TD/SD) 0
Extratropical (ET) 0
Unknown (N/A) 16
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26 Direct damage from direct contact with water 
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27 Direct tangible damage can include more categories (inventories, cars, etc.). However, some damage categories ! 

especially buildings ! usually dominate the total amount of damage. Therefore, it can be reasonable to include only the most 

important damage categories to reduce the effort of the study. 
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2   J. Boone Kau!man and Daniel C. Donato

Figure 2. Large pneumatophores of a Sonneratia alba 
tree, Runuuw, Yap, FSM (Photo by J.B. Kau!man/Oregon 
State University)

estimates suggest the current value is near the low 
end of this range (Giri et al. 2010), which may 
re!ect both improved estimation techniques and/or 
losses associated with deforestation and conversion 
of mangroves. Asia supports the world’s largest 
mangrove areas, originally extending over 6.8 million 
ha and representing 34– 42% of the world’s total 
(Indonesia alone contains almost 23% of the world’s 
mangroves). "is is followed by Africa (20%), 
North and Central America (15%), Oceania (12%), 
South America (11%), and Australia (7%) (Giri et 
al. 2011). Southeast Asian mangroves are the best 
developed and probably the most species-diverse 
in the world (Giesen et al. 2007). Four countries 
(Indonesia, Brazil, Australia and Mexico) account for 
about 42% of all mangroves, and 64% of the total 
mangrove area is found in just 10 countries (Giri et 
al. 2011).

Mangroves are keystone coastal ecosystems providing 
numerous environmental services and critical 
ecological functions, a#ecting both upland and 
oceanic resources. "ese values include protection 
from storms and tsunamis (Giesen et al. 2007, Mitch 
and Gosselink 2007, Alongi 2009), regulation of 

water quality, breeding and rearing habitats for many 
species of $sh and shell$sh, important sources of 
wood and other forest products for local populations, 
and biodiversity, including habitats for many rare 
and endangered species (Duke et al. 2007, FAO 
2007). "ese ecosystems are a source of nutrients 
and energy for adjacent habitats including seagrass 
and coral reefs, and are also valued for aesthetics 
and ecotourism. As much as 75% of all tropical 
commercial $sh species spend part of their lifecycle in 
mangroves. Mangroves have been used for centuries 
by indigenous peoples for wood, thatch, medicines, 
dyes, and $sh and shell$sh. Mangrove forests are also 
among the major carbon sinks of the tropics (Cahoon 
et al. 2003, Bouillon et al. 2008, Nellemann et al. 
2009) (Figure 3).

Perhaps the least investigated, yet critically 
important, ecosystem service of mangroves is that 
of carbon storage. Mangrove carbon pools are 
among the highest of any forest type (Figure 3). For 
example, ecosystem carbon pools of mangroves in 
the Indo-Paci$c region are more than twice those of 
most upland tropical and temperate forests. A great 
proportion of this pool is belowground in organic-
rich soils which are highly susceptible to releasing 
signi$cant volumes of greenhouse gases if disturbed 
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Figure 3. Total ecosystem carbon pools (aboveground 
and belowground) for some major land cover types of 
the world

Source: Data for all forests, except mangroves are from IPCC 
(2001) and La!oley and Grimsditch (2009). Mangrove forests 
are those of the Asia-Paci"c region (Donato et al. 2011, 
Kau!man et al. 2011)



 

!

IRCP – Economic valuation of mangrove ecosystem services in Vanuatu. April 2013               Page 119 / 147 

!

!

I%.J$3!*P!K!U&,M:&!:<3$:.3=!?,$!4:$M,;!#,,&=!Z=,%&!,$.:;%4!4:$M,;!:;@!&%<%;.!M%,>:==[!,?!?,4:&!4,:=0:&!/:M%0:0=!Z7%?&330!30!:&N9!

'())[!

O50! 4()! /051784+52! 67284+52@! ,)! ,+99! 313/4! 4()! E)4(51! 1)*)95/)1! <:! 4()! &+8(593-! #2-4+474)! 650!

P2*+052E)2439!C59+8:!Q5974+52-!56!4()!T7_)!$2+*)0-+4:!?M7003:!)4!39B@!JLHLA!45!4()!8524).4!56!4()!-471+)-!

321!4()!3*3+93<+9+4:!56!1343B!'()!3//0538(!(3-!<)2)6+4)1!605E!4()!-7//504!56!52)!E)E<)0!56!4()!4)3E!56!

RB%B!M7003:!?^B!C)219)452AB!!

'()!67284+52!,+99!7-)!4,5!/058)--)-!45!k7324+6:!830<52!*597E)-F!4()!-)k7)-4034+52!+2!9+*+2;!<+5E3--!321!

4()!830<52!/559-! +2!4()!-5+9-B!'()!0)-794!,+99!<)!4()!322739!3E5724!56!%=J!)k!:<,%@3@!56!<)+2;!0)9)3-)1!

+245!4()!34E5-/()0)!<:!E3+243+2+2;!)85-:-4)E-!+2!4()+0!8700)24!-434)B!'()!/303E)4)0-!)-4+E34)1!30)F!

3B!]22739!034)!56!3<-50/4+52!56!830<52!<:!4()!)85-:-4)E!+2!+4-!8700)24!-434)B!

<B!%30<52!-458_-!+2!<+5E3--!321!4()!<3-)E)24!?34!3!E3.+E7E!1)/4(!56!H!E!)*)2!+6@!;)2)0399:@!830<52!

/559-!*792)03<9)!45!324(05/5;)2+8!8(32;)-!30)!3<5*);05721!<+5E3--!321!<)95,;05721!/559-!7/!45!

UL!8EAB!!T343!,+99!<)!<3-)1!52!)-4+E34)-!56!4+)0!H!321!4+)0!J!#C%%!834);50+)-!JVB!

8B!'()!3E5724!56!/54)24+39!)E+--+52-!17)! 45! 4()!1)-40784+52!56! 4()!)85-:-4)E-B!'(+-!)*39734)-!(5,!

E78(!-5+9!830<52!E3:!/54)24+399:!<)!)./5-)1!45!34E5-/()0)!321!4()0)<:!)E+44)1!+2!4()!650E!56!%=JB!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

28 The IPCC (Intergovernmental Panel on Climate Change) has established a tier system reflecting the degrees of certainty or 

accuracy of the carbon stock assessment. Tier 1 uses IPCC default values (i.e. biomass in different forest biomes, etc.) and 

simplified assumptions; it may have an error range of +/- 50% for aboveground pools and +/- 90% for the variable soil 

carbon pool. Tier 2 requires country-specific carbon data for key factors. Tier 3 requires highly specific inventory-type data 

on carbon stocks in different pools, and repeated measurements of key carbon stocks through time, which may also be 

supported by modelling.  

3

Payments for Blue Carbon
Potential for Protecting Threatened Coastal Habitats

Carbon Storage in Coastal Ecosystems
Figure 2 and Table 2 provide data on variations in carbon stocks and rates across the di!erent regions of the world for 
each of the focal habitats. Coastal ecosystems remove CO2 from the atmosphere via photosynthesis, return some to the 
atmosphere via respiration and oxidation and store the remaining carbon in two pools: living biomass (includes both 
aboveground and belowground vegetation) and soil organic carbon. "e carbon sequestration rate quanti#es how much 
carbon is added to the biomass and soil carbon pools annually. Because these intact ecosystems typically have mature 
vegetation that maintains a steady stock, virtually all of the sequestration ends up buried in the soil carbon stock. "is 
rate is assumed to be constant over time.4

Figure 2. Global averages for carbon pools (soil organic carbon and living biomass) of focal coastal habitats.

Table 2. Global averages and standard deviations of the carbon sequestration rates and global ranges for the carbon pools, 
by habitat type.

Habitat Type Annual Carbon Sequestration 
Rate (tCO2eq/ha/yr) Living biomass (tCO2eq/ha) Soil organic carbon 

(tCO2eq/ha)
Seagrass 4.4 ± 0.95a 0.4–18.3b 66–1,467c

Tidal Marsh 7.97 ± 8.52d 12–60e 330–4,436f

Estuarine Mangroves 6.32 ± 4.8g 237–563h 1,060h

Oceanic Mangroves 6.32 ± 4.8g 237–563h 1,690–2,020h

Sources: (a) Duarte et al., in press; (b) Duarte and Chiscano 1999; N. Marba and J.W. Fourqurean, pers. comm.; (c) Duarte and Chiscano 1999; N. Marba and J.W. Fourqurean, pers. comm.; (d) Morgan and Short 
2002; PWA and SAIC 2009; Yu and Chmura 2009; Brevik and Homburg 2004; Bridgham et al. 2006; Chmura et al. 2003; Choi and Wang 2001; Choi and Wang 2004; Connor et al. 2001; Craft and Richardson 1998; 
Duarte et al. 2005; Giani et al. 1996; Hussein et al. 2004; Johnson et al. 2007; Mudd et al. 2009; Nellemann et al. 2009; PWA and SAIC 2009; (e) Morgan and Short 2002; Bridgham et al. 2006; Yu and Chmura 
2009; (f ) Bridgham et al. 2006; PWA and SAIC 2009; Chmura et al. 2003; (g) Bouillion et al. 2009; Bridgham et al. 2006; Chmura et al. 2003; Duarte et al. 2005; Fujimoto et al. 1999; Jennerjahn and Ittekkot 2002; 
Nellemann et al. 2009; PWA and SAIC 2009; Twilley et al. 1992; (h) D.C. Donato and J.B. Kau!man, pers. comm. See Appendix for complete references.

Based on geomorphological di!erences, we divide mangroves into oceanic (or fringing), occurring along the ocean, 
and estuarine (or deltaic), growing where river deltas meet saltwater bodies. We present data on tidal salt marshes only, 
though brackish marshes may enter future research e!orts. Although they are ecological communities with species 
compositions that vary geographically, seagrasses are reported here as one system type across its range.

Annual carbon sequestration rates do not vary much across the three coastal habitats. Both tidal marshes and mangroves 
average between 6 and 8 tons of CO2e per hectare per year, while seagrasses tend to accumulate carbon at a somewhat 
lower rate of approximately 4 tCO2e/ha/yr. "e amount of carbon held in living biomass is much more variable among 
the habitat types, with seagrasses containing 0.4 to 18.3 tCO2e per hectare and tidal marshes, on average, a few times 
higher than that at 12–60 tCO2e/ha. Mangrove forests, growing up to 8 meters tall, clearly lead in this area and maintain 
237 to 563 tCO2eq per hectare in living material. Soil organic carbon, however, is the biggest carbon pool for all the 
focal habitats, averaging from about 500 tCO2eq/ha for seagrasses to almost 2000 tCO2eq/ha for oceanic mangroves. 
In relative terms, over 95%–99% of total carbon stocks of tidal marshes and seagrasses are stored in the soils beneath 

4 Burial rates keep pace with sea-level rise and thus could potentially increase if sea-level rise accelerates in the future.
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!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

29 The most popular type of carbon credit used to offset emissions around the world voluntarily is a VER, a Verified or 

Voluntary Emission Reduction unit and there are many different types. Before CDM deliver credits used for Compliance 

purposes such as CERs they can produce VERs. These credits can be verified to a number of specific standards, including the 

Gold Standard. Not all projects go on to register within the CDM, often due to the size of the project and the inhibitive costs 

associated with compliance registration, so their choice of one or more of these voluntary standards is made based on it's 

overall viability and compatibility to them. 

30 VCS credits or Voluntary Carbon Units (VCU) must be real, the abatement must have occurred, they must be additional by 

going beyond business-as-usual activities, be measurable, permanent, not temporarily displace emissions, the findings need 

to be independently verified and unique so they cannot be used more than once to offset emissions. The VCS is the most 

widely known and chosen standards in the voluntary market due to it's Kyoto compatibility as well as it's ability to manage a 

wide range of project types and methodologies. (www.carbonplanet.com) 

31 Afforestation: The direct human-induced conversion of land that has not been forested for a period of at least 50 years to 

forested land through planting, seeding and/or human-induced promotion of natural seed sources. Reforestation: The direct 

human-induced conversion of non-forested land to forested land through planting, seeding and/or the human- induced 

promotion of natural seed sources, on land that was forested but has been converted to non-forested land (CDM-EB07-A04-

GLOS). 
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4(7-!4()!/)5/9)!60))9:!7-)!4()!0)-5708)-!321!,+4(574!3!E323;)E)24!E)8(32+-E!+2!/938)!4()!0)-5708)-!30)!
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