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1  
INTRODUCTION 

1.1 Objectives and contribution of this dissertation  
 
G".(1)%)&.1.%-(,E(*)E.-+()-(*.)()%6(-".($/,-.2-#,%(,E(1)/#%.(.%3#/,%1.%-()/.(:)*.6(

,%( )( *.-( ,E( )22.$-.6( /05.*( -")-( )/.'( #%( &.%./)5'( )&/..6( -"/,0&"( -".( F%-./%)-#,%)5(

Q)/#-#1.( R/&)%#S)-#,%( ;FQRA'( 9"#2"( #*( )( b%#-.6( _)-#,%*( ,/&)%#S)-#,%( .*-):5#*".6( #%(

=>\?7( B.2#*#,%*( ,%( /.&05)-#,%*( )/.( 0*0)55+(1)6.( #%( -".(Q)/#-#1.( !)E.-+( K,11#--..(

;Q!KA( E,/( 1)--./*( 2,%2./%#%&( 1)/#-#1.( *)E.-+( )%6( #%( -".( Q)/#%.( N%3#/,%1.%-(

U/,-.2-#,%( K,11#--..( ;QNUKA( E,/( -",*.( 2,%2./%#%&( -".( $/,-.2-#,%( ,E( -".( 1)/#%.(

.%3#/,%1.%-7( G".( FQR(")*( %,( .%E,/2.1.%-( )0-",/#-+'( -")-( :.#%&( 5.E-( -,( #-*(1.1:./(

*-)-.*'( ,/( -,( :,6#.*( 5#4.( -".( N0/,$.)%(b%#,%'( -")-( 2)%( )6,$-( *$.2#E#2( 5.&#*5)-#,%( )%6(

")3.( -".( 2)$):#5#-+( )%6( 5.&)5( )0-",/#-+( -,( .%E,/2.( 2,1$5#)%2.7(g"#5.( #-( #*( &.%./)55+(

)22.$-.6(-")-(-".(,3./)55(5.3.5(,E(1)/#-#1.(*)E.-+(")*(#1$/,3.6(#%(/.2.%-(+.)/*'(E0/-"./(

#1$/,3.1.%-*( )/.( *-#55( 6.*#/):5.7( ^,9.3./'( #-( 2)%( :.( )/&0.6( -")-(102"( ,E(1)/#-#1.(

*)E.-+( $,5#2+( 9,/569#6.( ")*( :..%( 6.3.5,$.6( #%( -".( )E-./1)-"( ,E( *./#,0*( )22#6.%-*(

;*02"()*(!"##$%&'()*+,-.&!"/0$%1(-.&!"213(-()%6&!42+/015+-A7((
(

G".(%..6( E,/($/,)2-#3#-+(")*(:..%()/&0.6(.D-.%*#3.5+( -#1.()%6()&)#%( ;)1,%&(,-"./*'(

*..( U*)/)E-#*( ;XWWXA( :.E,/.( !42+/015+-( )%6( U*)/)E-#*( ;XWW@A( )E-./( !42+/015+-( E,/( )%(
)%)5+*#*(,E(-".(1)#%(#**0.*A7(N3.%(-",0&"(#-(#*(&.%./)55+(9#*.(-,(6/)9(5.**,%*(E/,1($)*-(

)22#6.%-*( )%6( )--.1$-( -,( 0*.( -".*.( 5.**,%*( -,( #1$/,3.( /.&05)-#,%*'( 1)%+( -#1.*(

#%60*-/+( 2#/25.*( ")3.( f0.*-#,%.6( -".( 9#*6,1( ,E( *02"( )%( )$$/,)2"7(g"+( *",056( -".(

1)/#-#1.( #%60*-/+( )%6'( #%( &.%./)5'( *,2#.-+'( ")3.( -,( 9)#-( E,/( )%( )22#6.%-( -,( ,220/( #%(

,/6./(-,(1,6#E+(.D#*-#%&(/05.*(,/($/,$,*.(%.9(,%.*k(G".(*)E.-+(205-0/.(,E()%-#2#$)-#%&(

")S)/6*(/)-"./(-")%(9)#-#%&(E,/()22#6.%-*(-,(/.3.)5(-".1(")*(:..%(9#6.5+(0*.6(#%(,-"./(

#%60*-/#.*(*02"()*(-".(%025.)/()%6(-".()./,*$)2.(#%60*-/#.*()%6(#%(1)%+(2)*.*'(9#-"#%(

$/#3)-.(E#/1*7(L($/,)2-#3.($,5#2+()$$/,)2"(-,(/#*4(#*(-"/,0&"(.EE.2-#3.(/#*4(1)%)&.1.%-C(

9#-"(/#*4()**.**1.%-(:.#%&()(1)P,/($)/-(,E(-"#*($/,2.60/.7(!02"()%()$$/,)2"(")*()5*,(

:..%( #1$5.1.%-.6(9#-"#%( -".( #%-./%)-#,%)5( *"#$$#%&( #%60*-/+( -"/,0&"(9")-( #*(4%,9%(

)*(HO,/1)5(!)E.-+(L**.**1.%-I(;O!LA7((

(
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G"./.( #*( )( 3)*-( 5#-./)-0/.( ,%( /#*4( )%)5+*#*( )%6( )**.**1.%-( %,-( ,%5+( E,/( -".(1)/#-#1.(

#%60*-/+(:0-()5*,(E,/()55(/#*4M/.5)-.6( #%60*-/#.*7([.+(/.E./.%2.*(,%(/#*4()**.**1.%-()/.(

<.6E,/6()%6(K,,4.(;XWW=A'()%6(L3.%()%6(J#%%.1(;XWW`A'(J,*.(;XWW?A'(K,D(;XWW@'XWW>A(

)%6(L3.%(;XWW>CXW==A7(8.&)/6#%&(1)/#-#1.(/#*4()**.**1.%-(-".(/.)6./(1)+(/.E./(-,(-".(

/#*4( )**.**1.%-( a0#6.5#%.*( $0:5#*".6( :+( 25)**( *,2#.-#.*( E,/( .D)1$5.( B_Je^!N;XWW=A'(

L<!;XWWVA( )%6( K5)**_[( ;XWW>A( )%6( -,( -".( .D2.55.%-( :,,4*( ,E( [/#*-#)%*.%( ;XWWYA( )%6(

U)$)%#4,5),0(;XWW>A7(

(

F%()66#-#,%'()(3./+(9.55(9/#--.%()%6(0$(-,(6)-.(5#-./)-0/.(/.3#.9(,%(/#*4()**.**1.%-()%6(

-".(/.5)-#3.(6.E#%#-#,%*(2)%(:.(E,0%6(#%(l,")%*.%(;XW=WA()%6'(,%(-".(#**0.(1)/#-#1.(/#*4(

)**.**1.%-'( -".( /.)6./( #*( )5*,( /.E.//.6( -,( -".( /.3#.9( ( $./E,/1.6( :+( -".( )0-",/( #%(

[,%-,3)*(;XWWYA7(

(

G".( 2/#-#f0.( ,%( 1,*-( ,E( -".( /.5.3)%-( 1)/#-#1.( /#*4( -.2"%#f0.*( ;#%2506#%&( O!LA( #*(

*-/,%&5+( /.5)-.6( -,( -".(1.-",6*( 0*.6( -,( .*-#1)-.( -".( 2,*-( .EE.2-#3.%.**( ,E( -".( /#*4(

/.602-#,%( 1.)*0/.*'( E,/( )( 6#*20**#,%( ,E( -".( 5#1#-)-#,%*( )%6( 6.E#2#.%2#.*( ,E( O!L( *..(

[,%-,3)*( ;XWWYA'( [,%-,3)*( )%6( U*)/)E-#*( ;XWW@'( XWW?'( XWW>A'( a#)%%)4,$,05,*( .-( )57(

;XWW`A( )%6( m)2")/#)6#*( .-( )57( ;XWW>A7( F%6..6'( -".( 1,*-( #1$,/-)%-( *-.$( #%( )( /#*4(

)**.**1.%-( #*( -".(,%.( -")-( 5.)6*( -,( /.2,11.%6)-#,%*(,%(9"#2"(1.)*0/.*(*",056(:.(

#1$5.1.%-.67( F%( -"#*( 2,%-.D-'( %,-( ,%5+( -".( 1.-",6*( 0*.6( %..6( #1$/,3.1.%-'( :0-(

-"./.( #*( )5*,( )( %.2.**#-+( -,( .D-.%6( -".#/( E,20*( :.+,%6( *)E.-+7( G".( 1,*-( #1$,/-)%-(

.EE.2-*( -")-(9#55( :.( 5,,4.6( )-( #%( -".( 2,%-.D-( ,E( -"#*( 6#**./-)-#,%( )/.( -",*.( /.5)-.6( -,(

.%3#/,%1.%-)5($,550-#,%7(

(

G".( )#1( ,E( -"#*( 6#**./-)-#,%( #*( -,( 6.3.5,$( 1.-",6*( -")-( 2)%( :.--./( )**#*-( -".(

1)%)&.1.%-( ,E( 1)/#-#1.( /#*4'( #%( ,/6./( -,( $/,-.2-( :,-"( "01)%( 5#E.( )%6( -".(

.%3#/,%1.%-'(9#-"()(E,20*(,%(1)/#-#1.(,#5(*$#55*()%6(*"#$()#/(.1#**#,%*7(O,/()%(.EE.2-#3.(

$/,-.2-#,%'( #-( #*( %.2.**)/+( -,( H3)50)-.I( )%6( H.3)50)-.I( )5-./%)-#3.*( -")-( ")3.( -".(

$,-.%-#)5(-,(/.602.(-".(/.5.3)%-(/#*47(J)50)-#,%(#*(-".($/,2.**(,E(.*-#1)-#%&(;0*0)55+(#%(

1,%.-)/+(-./1*A(-".(2,*-*()%6(-".(:.%.E#-*(,E(*$.2#E#2(/#*4(/.602-#,%(1.)*0/.*7( F%()55(

2)*.*(-".(/.*#60)5(/#*4(*",056(:.(:.5,9(-".()22.$-):5.(-"/.*",56*(;*..(!.2-#,%(=7\A7(R%(

-".( ,-"./( ")%6'( .3)50)-#,%( #*( -,( 2,1$)/.( )1,%&( )5-./%)-#3.*( )%6( $/,$,*.( E,/(

#1$5.1.%-)-#,%(-".(:.*-(,E(-".1'()22,/6#%&(-,(*,1.(2/#-./#)7(G".(:)*#2(1.-",6*(-")-(

2)%(:.(0*.6()/.()**,2#)-.6(9#-"(9.#&"-#%&(-".(:.%.E#-*(,E(-".(2,%-/,5(1.)*0/.*(9#-"(

-".( /.5.3)%-( 2,*-*( )%6( :.%.E#-*( ;K,*-( :.%.E#-( L%)5+*#*'( K<LA( )%6( )**.**#%&( -".#/(

.EE#2#.%2+(;K,*-MNEE.2-#3.%.**(L%)5+*#*A7( 
(

L-()(-".,/.-#2)5(5.3.5'(:,-"(3)50)-#,%()%6(.3)50)-#,%()/.($/.*.%-.6(#%()(&.%./#2(9)+(*,(

-")-( -".+( 2)%( :.( 0*.6( 9#-"( )55( 1)P,/( 1)/4.-( )%6( %,%M1)/4.-( &,,6*7( G".+( )/.(
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$/.*.%-.6( -,&.-"./( 9#-"( -".( 0%6./5+#%&( .2,%,1#2( -".,/+( *,( )*( -,( 3./#E+( -".#/( *,5#6(

E,0%6)-#,%*7(O,20*(#*(%,-(,%5+(,%(-".(#%6#3#60)5(E#/1(,/()%(#%6#3#60)5(:0-(1)#%5+(*,2#.-+(

)*()(9",5.7(G"0*'(-".(/.*05-*(2)%(:.(0*.6(#%(.2,%,1#2()$$/)#*)5(,E()2-#,%*(;$/,P.2-*A(E,/(

$/#3)-.(0*.()%6(#%(/.&05)-,/+(6.2#*#,%M1)4#%&7(G".*.()/.()5*,(3#.9.6(-"/,0&"(-".(5.%*(

,E(0%2./-)#%-+(#%(-".(.EE.2-*7(G"./.E,/.'()5-",0&"(-".(1.-",6*($/.*.%-.6(2)%(:.(0*.6(

#%( )( *-)%6)5,%.( E,/1'( -".( #550*-/)-#3.( .D)1$5.*( )/.( :)*#2)55+( 2,%2./%.6(9#-"( $5)2#%&(

-".1(9#-"#%(-".(E/)1.9,/4(,E(/#*4()**.**1.%-7(a#3.%(-")-(-".(1)P,/(-,,5(0*.6(#%(-".(

1)/#-#1.(#%60*-/+(#*(-".(*,M2)55.6(O,/1)5(!)E.-+(L**.**1.%-(9.(E,20*(,%(-".(9)+(-")-(

-".(/.5)-#3.(-.2"%#f0.*(2)%(:.(0*.6(9#-"#%(O!L7(G"./.(#*(%,(5,**(,E(&.%./)5#-+()*(O!L(#*()(

-+$#2)5(/#*4()**.**1.%-(-.2"%#f0.(;)*(6.E#%.6(:+(-".(/.5.3)%-(F!R(*-)%6)/6A7(

(

L-()($/)2-#2)5(5.3.5'(*$.2#E#2(1.-",6,5,&#.*()/.(6.3.5,$.6(#%(-".(2,%-.D-(,E(/.&05)-,/+(

6.2#*#,%( 1)4#%&( 9#-"#%( -".( F%-./%)-#,%)5( Q)/#-#1.( R/&)%#S)-#,%( ;FQRA7( G".( *$.2#E#2(

2,%-.D-( "./.( #*( -".( 0*.( ,E( .%3#/,%1.%-)5( /#*4( .3)50)-#,%( 2/#-./#)( #%( O,/1)5( !)E.-+(

L**.**1.%-(;O!LA(9#-"()(1)#%(E,20*(,%(,#5($,550-#,%'()%6'(-,()(5.**./(.D-.%-'(,%(*"#$()#/(

.1#**#,%*7( F%( E)2-'(*,1.(,E( -".(9,/4($/.*.%-.6( #%("./.(")*(:..%(0*.6(:+(-".( FQR(#%(

/.2.%-(6.2#*#,%*(,E(-".(Q)/#%.(N%3#/,%1.%-(U/,-.2-#,%(K,11#--..(;QNUKA()%6(1,/.(

*$.2#E#2)55+( #%( -".( 6/)E-( )1.%61.%-( ,E( -".( O!L(a0#6.5#%.*'(9"#2"( 2,%*-#-0-.*'( #%( ,0/(

,$#%#,%'()(1)P,/(2,%-/#:0-#,%7((

(

F%(1,/.(6.-)#5'(05-#1)-.5+'(-".()#1(,E(/#*4(1)%)&.1.%-(9#-"#%(-".(*2,$.(,E(-"#*(9,/4(#*(

-".( $/.3.%-#,%( ,E( "01)%( E)-)5#-#.*( )%6( #%P0/#.*'( )*( /.&)/6*( "01)%( *)E.-+'( )%6( -".(

$/,-.2-#,%(,E(-".(.%3#/,%1.%-(:+($/.3.%-#%&(,#5(*$#55*()%6(/.602#%&(*"#$()#/(.1#**#,%*'(

.*$.2#)55+(2)/:,%(6#,D#6.(.1#**#,%*(-")-(2,%-/#:0-.(-,(-".(K5#1)-.(K")%&.7(G,()2"#.3.(

-"#*'( #%( -".( 2,%-.D-( ,E( )( "0&.( %01:./( ,E( /.5.3)%-( ")S)/6*( )%6( -".( #%"./#-.6(

0%2./-)#%-+'( #*( %,-( *,( *-/)#&"-E,/9)/67( R%( -,$( ,E( -")-'( -".( 1.)*0/.*( -")-( 2,056( :.(

#1$5.1.%-.6( -,( /.602.( -".( /#*4( $,*.6( :+( -".*.( ")S)/6*( *",056( :,-"( :.( .EE.2-#3.( #%(

-./1*(,E(/.602#%&(-".(/#*4()%6(:.(.2,%,1#2)55+(*,0%6(#%3.*-1.%-*7((

(

G,( *-)/-(9#-"'(9.(.D)1#%.( -".(0*.(,E(%,%M5#%.)/(3)50)-#,%( -,(.*-#1)-.( -".(:.%.E#-(,E(

-".( $/,$,*.6( )2-#,%*( )%6( /.&05)-#,%*( )*( )( /.*05-( ,E( -".( 0%6./*-)%6#%&( -")-( 1)%+(

6)1)&.( E0%2-#,%*()/.(%,%M5#%.)/( E0%2-#,%*(,E( -".()1,0%-(,E(")/1C( -"#*( #*( *,1.-"#%&(

/)-"./( %.9( E,/( 1)/#-#1.( /#*4( )**.**1.%-7( F%( )66#-#,%'( F550*-/)-#3.( .D)1$5.*( )/.( )5*,(

$/.*.%-.6( #%( ,/6./( -,( *",9( -")-( -"#*( 2)%( :.( .)*#5+( )$$5#.6( #%( -".( -/)6#-#,%)5( /#*4(

)**.**1.%-7(

(

L%,-"./(1)P,/($)/-(,E(-"#*(9,/4(E,20*.*(,%(-".(-9,(1)#%(.3)50)-#,%(-.2"%#f0.*(0*.6'(

%)1.5+( -".( K,*-( NEE.2-#3.%.**( L%)5+*#*( )%6( K,*-( <.%.E#-( L%)5+*#*'( $./E,/1*( )( 2/#-#2)5(

/.3#.9(,E( -".(20//.%-(9)+(,E( -"#%4#%&(9#-"#%(1)/#-#1.(/#*4()**.**1.%-()%6("#&"5#&"-*(
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-".( %..6( -,(1,3.( -,9)/6*( -".( 5)--./7( G".( )63,2)2+( ,E( )%( )$$/,)2"( :)*.6( ,%( 2,*-]

:.%.E#-( )%)5+*#*( #%( -".( /.&05)-#,%( ,E( .%3#/,%1.%-)5'( ".)5-"( )%6( *)E.-+( 2,%-.D-*( #*(

%,-"#%&( %.9( ;*..( L//,9'( =>>`A7( ( L5-",0&"( -".( 5#-./)-0/.( /.3#.9( *",9.6( -")-( )(

%01./,0*(*-06#.*(")3.(:..%(2,%602-.6(,%(((1)/#-#1.(/#*4()**.**1.%-'(-".(5#-./)-0/.(#%(

-".( /.5.3)%-( E#.56*( ,E( 3)50)-#,%( )%6( .3)50)-#,%( ,E( .EE#2#.%-( $,5#2+(1.)*0/.*( #*( /)-"./(

5#1#-.67( F%( )66#-#,%'( -/)6#-#,%)5( 2,*-( :.%.E#-( )%)5+*#*( #*( %,-( 5)/&.5+( )22.$-.6( :+( -".(

1)/#-#1.(#%60*-/+(9#-"#%(/#*4()**.**1.%-7((

(

F%( .EE.2-'( -".( ):,3.( -#.*( -".( $/)2-#2)5( 9)+( ,E( 2,%602-#%&( /#*4( )**.**1.%-*( 9#-"( -".(

*-/,%&( -".,/.-#2)5( :)24&/,0%6( $/,3#6.6( :+( .2,%,1#2( -".,/#.*( ;1)#%5+( E/,1(g.5E)/.(

)%6(N%3#/,%1.%-)5(N2,%,1#2*A()%6(#6.%-#E#.*($,**#:5.(9)+*(-,(1,%.-#S.()%6(.3)50)-.(

/#*4(#%(*02"()($/)2-#2)5(9)+(-")-(2)%(:.(.)*#5+(#%2,/$,/)-.6(#%(&.%./#2(/#*4()**.**1.%-(

E/)1.9,/4*7( G"#*( 9,/4( $/.*.%-*( *,1.( *-)-.M,EM-".M)/-( 9,/4( ,%( -".*.( #**0.*( -")-(

.D-.%6*( -".( -/)6#-#,%)5( E,20*( ,E( 1)/#-#1.( /#*4( )**.**1.%-( ,%( "01)%( ".)5-"( -,(

.%3#/,%1.%-)5(#**0.*7(G"0*'(2,%-/#:0-.*(-,()(:.--./(0%6./*-)%6#%&(,E(-".(/.5.3)%-(/#*4*(

)%6( .EE#2#.%-( /#*4M#%E,/1.6( 6.2#*#,%M1)4#%&7( _,-.( -")-( -".( 9,/4( $/.*.%-.6( 2)%( :.(

.)*#5+( .D-.%6.6( -,( 2,3./( 1)%+( ,-"./( .%3#/,%1.%-)5( $/,:5.1*7( F%( )66#-#,%'( -".(

1.-",6*($/.*.%-.6(2)%(:.(0*.6(:,-"(#%()(*,2#.-)5(2,%-.D-(;/#*4(/.&05)-#,%A()%6(9#-"#%(

)%(#%6#3#60)5(E#/17(

(

G".( /.*.)/2"( $/.*.%-.6( )5*,( -/#.*( -,( .502#6)-.( *,1.( 2,11,%5+( 0*.6( %,-#,%*( )%6(

$/,$,*#-#,%*( )%6( -,( 25)/#E+( -".(0*.(,E( *,1.(1)P,/( -.2"%#f0.*( -")-( )/.(0%E,/-0%)-.5+(

1#*0*.6( 9#-"#%( 1)/#-#1.( /#*4( )**.**1.%-7( F-( 1)+( )5*,( *..1( -")-( -"#*( 6#**./-)-#,%(

)63,2)-.*(-".(0*.(,E(K,*-(<.%.E#-(L%)5+*#*(;K<LA7(G"#*(1)+(:.(*0$./E#2#)55+(-/0.(:0-(-".(

/.)5()#1(#*(-,()63,2)-.(-".(0*.(,E(-".(2,//.2-(-.2"%#f0.*()%6(#%(-".()$$/,$/#)-.(9)+(,E(

0*#%&(:,-"(K<L()%6(K,*-(NEE.2-#3.%.**(L%)5+*#*(;KNLAC()%6(#-(*..1*(-")-(1)/#-#1.(/#*4(

)**.**1.%-(")*()(/.)5(%..6(E,/(K<L7((

(

G,( *01( 0$'( -"#*( 9,/4( $/,3#6.*( *,5#6( $/,$,*)5*( ,%( 3)50)-#%&( )%6( .3)50)-#%&( /#*4( #%( )(

E/)1.9,/4( -")-( 1)+( 2,1:#%.( )55( 1)P,/( .EE.2-*( )%6( ".5$*( #%( 0%6./*-)%6#%&( -".(

-./1#%,5,&+()%6(1.-",6*( #%(*02"()(9)+(-")-(1)+(".5$(-,( #%2/.)*.(-".()22.$-)%2.(,E(

-".( /.5)-.6( %,-#,%*( )%6( -.2"%#f0.*( )*( )%( #%$0-( -,( -".( 6.2#*#,%M1)4#%&( $/,2.**( E,/(

.%3#/,%1.%-)5'( ".)5-"'( )%6( *)E.-+( /.&05)-#,%*7( G"#*( 9#55( 5.)6( -,( 1,/.( .EE.2-#3.(

2,110%#2)-#,%( :.-9..%( /#*4( )**.**,/*( )%6(:.-9..%( -".1'( -".( 6.2#*#,%M1)4./*( )%6(

-".($0:5#2()%6'(-"0*'(#%(:.--./(6.2#*#,%*7(

(

(

(

(
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G".(/.*-(,E(-"#*(6#**./-)-#,%(#*(*-/02-0/.6()*(E,55,9*T((

(

G".(/.*-(,E(-".(!"#$%&'(#%$)*+,-.#/$($/.*.%-*(*,1.(:)*#2(/#*4M/.5)-.6(6.E#%#-#,%*'(-".(

/.5)-#3.(/#*4()**.**1.%-(E/)1.9,/4*()%6(O,/1)5(!)E.-+(L**.**1.%-'(9"#2"(#*(-".(1)P,/(

E/)1.9,/4( 0*.6( #%( -".(1)/#-#1.( #%60*-/+7( F%( )66#-#,%'(9.($/.*.%-( -".( %,-#,%( ,E( -".(

)22.$-):5.(/#*4()%6(-".(9)+(-")-(.2,%,1#2()$$/)#*)5(1)+(:.(0*.6(9#-"#%($0:5#2($,5#2+(

)%6(/#*4()**.**1.%-7((

(

+,-.#/$* 0( $/.*.%-*( -".( -9,( /.5.3)%-( 3)50)-#,%( -.2"%#f0.*'( %)1.5+( -".( K,*-( <.%.E#-(

L%)5+*#*(;K<LA()%6(-".(K,*-(NEE.2-#3.%.**(L%)5+*#*(;KNLA7(L$$5#2)-#,%*()/.(6/)9%(9#-"#%(

-".(1)/#-#1.(/#*4()**.**1.%-(E/)1.9,/4(,E(O!L'(#%(9"#2"(-".*.(-.2"%#f0.*(")3.(:..%(

0*.6(-,()**.**(-".(/#*4(,E("01)%(5#E.7(

(

+,-.#/$* 1( 6.)5*( 9#-"( -".( .EE.2-*( ,%( "01)%( 5#E.( )%6( -".( 3./+( #1$,/-)%-( #**0.( ,E(

#6.%-#E+#%&(2,*-(.EE.2-#3.(1.)*0/.*(-,(/.602.(/#*4*(-")-()/.($,*.6(-,("01)%*7((

(

+,-.#/$*2(6#*20**.*(-".(.EE.2-*(,E(,#5($,550-#,%(,%(-".(.%3#/,%1.%-()%6(2,11.%-*(,%(

-".(9)+(,E(3)50)-#%&(-".(.EE.2-*(,E(,#5(*$#55*(:)*.6(,%(-".(5)-.*-(9,/4(9#-"#%(-".(FQR7(

_,-.(-")-(1,*-(,E(-"#*(9,/4(")*(:..%(*0:1#--.6(-,(-".(FQR(3#)(a/..2.7(

(

+,-.#/$* 3( 6.)5*(9#-"( KRX( .1#**#,%*( )%6( -".( /.5.3)%-( K5#1)-.( K")%&.( $".%,1.%,%7(

g)+*( -,( .*-#1)-.( )%6( 9.#&"-( -".( :.%.E#-*( ,E( 1.)*0/.( -")-( /.602.( 2)/:,%( 6#,D#6.(

.1#**#,%*()/.($/.*.%-.67(K0//.%-5+'(-"./.( #*(%,(O!L(*-06+(-")-(6.)5*(9#-"(-"#*(*0:P.2-(

)5-",0&"(*,1.(2,*-M.EE.2-#3.%.**(2/#-./#)(6,()$$.)/(#%(-".(5#-./)-0/.7(

(

+,-.#/$* 4( 6.)5*( 9#-"( :,-"( -".( -".,/.-#2)5( )%6( -".( $/)2-#2)5( 9)+( -,( #%2,/$,/)-.( -".(

9,/4( $/.*.%-.6( #%( -".( $/.3#,0*( !.2-#,%*( 9#-"#%(1)/#-#1.( /#*4( )**.**1.%-( ;#%2506#%&(

O!LA()%6($/,:):#5#*-#2(,#5(/#*4()%)5+*#*7(

(

O#%)55+'(+,-.#/$*5(2,%2506.*(-"#*(6#**./-)-#,%(:+($/.*.%-#%&(-".(2,%250*#,%*()%6(*,1.(

$,**#:5.()/.)*(E,/(E0-0/.(/.*.)/2"7(

(

(

(

(

(

(

(
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1.2 Some basic definitions 
G"./.( #*(%,(6,0:-( -")-( -".(1,*-( #1$,/-)%-(%,-#,%( #%( /#*4()**.**1.%-( #*( -")-(,E( H/#*4I7(

L22,/6#%&(-,(-".(F!R(-./1#%,5,&+(;F!R(a0#6.(`VTXWW>A(-".($#3,-)5(6.E#%#-#,%(,E(/#*4(#*()*(

-".( 6+77+80& $7& 9%8+20(1%0:& $%& $;<+801=+/>?& 8#*4'( )*( &.%./)55+( )22.$-.6'( #*( 6$70+%&
8@(2(80+21,+*&;:&2+7+2+%8+&0$&A$0+%01()&+=+%0/&(%*&8$%/+B9+%8+/.&$2&(&8$C;1%(01$%&$7&
0@+/+>'( *..(_,-.(V(,E( F!R(-./1#%,5,&+7(K5.)/5+( -"./.()/.(1)%+(6.E#%#-#,%*(,E( /#*4()%6(

-"./.( ")*( :..%( )( 5,-( ,E( 6#*20**#,%( ,%( $/,$,*.6( 6.E#%#-#,%*( )%6( -./1*( -")-( )/.( 0*.6(

9#-"#%(-".*.(6.E#%#-#,%*(*02"()*(-".(2,%2.$-(,E($/,:):#5#-+'(E/.f0.%2+()%6(0%2./-)#%-+7(

G".(1.)%#%&(,E(2,%*.f0.%2.(#*'(,%(-".(,-"./(")%6'(f0#-.(*-/)#&"-E,/9)/67(G".()0-",/(

")*($/.*.%-.6(-".*.(3)/#,0*(6.E#%#-#,%*(#%([,%-,3)*(;XWWYA7(

(

L1,%&( -".(1,*-( 2,11,%5+( 0*.6( 9)+*( ,E( #%-./$/.-#%&( )( $/,:):#5#-+'( -".( -9,(1)P,/(

,%.*()/.(;<.6E,/6()%6(K,,4.'(XWW=C(L3.%'(XWWVAT(

;)A(U/,:):#5#-+(#*(#%-./$/.-.6()*()(H/.5)-#3.(E/.f0.%2+I(9"#2"(#*(-".(/.5)-#3.(E/)2-#,%(

,E( -#1.*( -".( .3.%-( ,220/( 0%6./( -".( )**01$-#,%( -")-( -".( *#-0)-#,%( -")-( #*( :.#%&(

)%)5+S.6(#*("+$,-".-#2)55+(n/.$.)-.6o(E,/()%(#%E#%#-.(%01:./(,E(-#1.*7((

;:A( U/,:):#5#-+( U( #*( )( 1.)*0/.( ,E( 0%2./-)#%-+( ):,0-( E0-0/.( .3.%-*( )%6(

2,%*.f0.%2.*( )%6( #*( )( *0:P.2-#3.( 1.)*0/.( ,E( 0%2./-)#%-+'( 2,%6#-#,%)5( ,%( -".(

:)24&/,0%6( 4%,95.6&.( ,E( -".( /#*4( )**.**,/( ;-")-( #*( /.5)-.6( -,( -".( <)+.*#)%(

$./*$.2-#3.A7(

(

^,9.3./'( #%( 1)%+( /#*4( )**.**1.%-( E/)1.9,/4*( ;#%2506#%&( O!L( 9"#2"( #*( -".( 1)P,/(

-.2"%#f0.( 0*.6( #%( -".( 1)/#-#1.( #%60*-/+( )%6( 9#55( :.( $/.*.%-.6( #%( !.2-#,%( =7VA'( -".(

2,%2.$-(,E( HE/.f0.%2+I(*..1*($/.3)5.%-'()*(/#*4( #*(6.E#%.6()*(60@+&8$C;1%(01$%&$7&0@+&
72+B9+%8:&(%*&0@+&/+=+210:&$7&8$%/+B9+%8+>'(9#-"(E/.f0.%2+(:.#%&(6.E#%.6(#%(-./1*(,E(

)22#6.%-*( ;/)-"./(-")%(2)*0)5-#.*A7(g.(%,-.(-")-( -"#*( #*(%,-( -".(*-)%6)/6(6.E#%#-#,%(,E(

/#*4( -")-( )$$.)/*( #%( 6.2#*#,%( )%)5+*#*'( #%(9"#2"( /#*4( #*( 6.E#%.6( )*( -".( 2,1:#%)-#,%( ,E(

$/,:):#5#-+(,E(,220//.%2.()%6(*.3./#-+(,E(2,%*.f0.%2.(;*..'(E,/(#%*-)%2.'(8)#EE)'(=>@?(

)%6(-".(6#*20**#,%():,3.A7(O0/-"./1,/.'(#%(1)/#-#1.(/#*4()**.**1.%-(H21/3-(#*(%,/1)55+(

$/.*.%-.6( 6(/& 0@+& A2$*980& $7& 0@+& 8$%/+B9+%8+/& (%*& 0@+& A2$;(;1)10:& $7& $88922+%8+>(
;[/#*-#)%*.%'(XWW\A7([)$5)%()%6(a)//#24(;=>?=A(6.E#%.(/#*4()*()(p*.-(,E(-/#$5.-*p'()(*.-(,E(

*2.%)/#,*( !#'( .)2"( ,E(9"#2"( ")*( )( $/,:):#5#-+( U#( )%6( )( 2,%*.f0.%2.( q#7( O0/-"./1,/.'(

-".#/()$$/,)2"(#*(-,(0*.(-".(E/.f0.%2+(9#-"(9"#2"()%(.3.%-(1#&"-(-)4.($5)2.(9"#2"(#*(

.**.%-#)55+( -".(%,-#,%(,E(0%2./-)#%-+():,0-( -".( E/.f0.%2+(9"#2"( #*( -".( r$/,:):#5#-+(,E(

E/.f0.%2+r7( G"./.E,/.'( )( /#*4( )%)5+*#*( ;9"#2"( #*( )( $)/-( ,E( /#*4( )**.**1.%-A( -/#.*( -,(

)%*9./(-".(E,55,9#%&(f0.*-#,%*(;[)$5)%()%6(a)//#24'(=>?=C(<.6E,/6'(XWW=AT(;#A(g")-(2)%(

")$$.%'( ;##A( ^,9( 5#4.5+( #*( #-( -,( ")$$.%k( )%6( ;###A( a#3.%( -")-( #-( ,220/*'( 9")-( )/.( -".(

2,%*.f0.%2.*7(
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1.3 Generic Risk Assessment Frameworks 
Q,*-( /.3#.9./*( 6)-.( -".( :#/-"( ,E( /#*4( )**.**1.%-( )$$/,D#1)-.5+( #%( -".( .)/5+( =>`W*'(

9".%()*()( /.*05-(,E($0:5#2( )%6($,5#-#2)5($/.**0/.*( -".(b!(L-,1#2(N%./&+(K,11#**#,%(

#%#-#)-.6( )( %.9( ./)( #%( *)E.-+( ,E( -".( %025.)/( $,9./( $5)%-*( -"/,0&"( )( 2,1$/.".%*#3.(

*-06+(2)55.6(H8.)2-,/(!)E.-+(!-06+I(;gL!^M=\WW'(,/(H8)*10**.%(!-06+Is)E-./(#-*(*-06+(

5.)6./( U/,E.**,/( _,/1)%( 8)*10**.%( ,E( QFGA'( *..( [.55./( )%6( Q,6)//.*( ;XWWYA( )%6(

L$,*-,5)4#*( ;XWW\A7( !#%2.( -".%'( 1.-",6,5,&#.*( ")3.( )63)%2.6( )%6( -".( E#.56*( ,E(

)$$5#2)-#,%(:/,)6.%.6( #%-,( $/,:):#5#*-#2( /#*4( )**.**1.%-( ;U8LA( ,E( *$)2.( *+*-.1*( )%6(

f0)%-#-)-#3.( /#*4( )**.**1.%-( ;c8LA( #%( -".( ,EE*",/.( ,#5( )%6( &)*( #%60*-/+( ( )%6(

)**.**1.%-*( ,E( "01)%( )%6( .%3#/,%1.%-)5( /#*4( E/,1( 2".1#2)5*( '( -,( 1.%-#,%( )( E.9(

;[,%-,3)*'(XWWYA7(

(

8.&05)-,/*( ;6.2#*#,%( 1)4./*A( )%6( *2#.%-#*-*( )63,2)-.( f0)%-#-)-#3.( /#*4( )**.**1.%-(

;c8LA()*($/,3#6#%&(:,-"()(5,&#2)5(E/)1.9,/4()%6()(*+*-.1)-#2(9)+(E,/()$$5+#%&(*,0%6(

*2#.%-#E#2(4%,95.6&.()%6(.%&#%../#%&(.D$./#.%2.(-,(#1$/,3.(n/)-#,%)5o(6.2#*#,%(1)4#%&(

)1,%&()5-./%)-#3.(6.2#*#,%*(0%6./(0%2./-)#%-+7(

(

Q,*-( /#*4( )**.**1.%-( E/)1.9,/4*( *")/.( *,1.( 2,11,%( &/,0%6'( 9"#2"( #*(

2,%2.$-0)5#S.6( #%(O#&7(=M=( -")-($/.*.%-*( /#*4()**.**1.%-(9#-"#%( -".( /#*4(1)%)&.1.%-(

$/,2.**( )22,/6#%&( -,( -".( 5)-.*-( F!R( *-)%6)/6( ;F!R( V=WWWTXWW>A7( F%( XWW>'( -".( %.9(

&5,:)55+( )22.$-.6( F!R( *-)%6)/6( 2)1.( -,&.-"./( 9#-"( )( %.9( )**,2#)-.6( 3,2):05)/+( ,/(

/.5)-#3.(-./1#%,5,&+((;F!R(a0#6.(`VTXWW>A()%6(FNK(V=W=WTXWW>'()(*0$$,/-#%&(*-)%6)/6(

E,/( F!R( V=WWW( -")-( $/,3#6.*( &0#6)%2.( ,%( *.5.2-#,%( )%6( )$$5#2)-#,%( ,E( *+*-.1)-#2(

-.2"%#f0.*(E,/(/#*4()**.**1.%-7(F!R(V=WWW(;XWW>A(6.E#%.*(8#*4(L**.**1.%-(;8LA()*(-".(

D$=+2())&A2$8+//&$7&21/3&1*+%01718(01$%.&21/3&(%():/1/&(%*&21/3&+=()9(01$%D()%6(#*($0-(9#-"#%(
-".(9#6./(2,%-.D-(,E(8#*4(Q)%)&.1.%-(;8QA(9"#2"(-".(F!R(a0#6.(`VTXWW>(6.E#%.*()*(

-".(D8$$2*1%(0+*&(801=101+/&0$&*12+80&(%*&8$%02$)&(%&$25(%1,(01$%&E10@&2+5(2*&0$&21/3D?&
(

!,(9")-(#*(-".(/.)*,%(E,/(0%6./-)4#%&()(/#*4()**.**1.%-k(!,1.(/.*.)/2"./*(;.7&7(<5.+(

.-()57'(=>>XA(*-)-.(-")-(-".(,%5+(/.)*,%(#*(-,(0%6./*-)%6()(/#*4(#%(,/6./(-,(6,(*,1.-"#%&(

):,0-( #-( )%6( *,1.( ,-"./( ;.7&7( L3.%'( XW=WA( 6#*)&/..( :+( *)+#%&( -")-( /#*4( /.602-#,%( #*(

%.3./()(&,)5( #%( #-*.5E()%6(-")-(-".($0/$,*.(,E(/#*4()**.**1.%-(#*(-,($/,3#6.(#%$0-(-,()(

$)/-#205)/(6.2#*#,%(#%()(5)/&./(2,%-.D-7(F-(*..1*(-")-(-".(5)--./($,*#-#,%(#*(2,%E#/1.6(:+(

1)%+( ,/&)%#S)-#,%*( ;#%2506#%&( -".( FQRA( *-)-#%&( -")-( /#*4( )**.**1.%-( )#1*( )-( &#3#%&(

/.2,11.%6)-#,%*( -,( /.5.3)%-( 6.2#*#,%(1)4./*( E,/( *)E.-+( #1$/,3.1.%-*( )%6( 2)%( :.(

0*.6( )*( )( -,,5( #%( T;)A( -".( .3)50)-#,%( ,E( %.9( /.&05)-#,%*( E,/( 1)/#-#1.( *)E.-+( )%6(

$/,-.2-#,%( ,E( -".( 1)/#%.( .%3#/,%1.%-( ( )%6( ( ( ;:A( 2,1$)/#%&( :.-9..%( .D#*-#%&( )%6(

$,**#:5+(#1$/,3.6(/.&05)-#,%*7(
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8#*4( )**.**1.%-( E/)1.9,/4*( )/.'( #%( &.%./)5'( 3./+( *#1#5)/( -,( .)2"( ,-"./( )%6( 2)%( :.(

#550*-/)-.6( :+( -".( &.%./#2( E/)1.9,/4( $/.*.%-.6( #%( O#&7( =M=7( ( F%( -".( %.D-( !.2-#,%'( -".(

1)#%( /#*4( )**.**1.%-( -,,5( -")-( #*( :.#%&( 0*.6( #%( 1)/#-#1.( #%60*-/+( ]-")-( ,E( O,/1)5(

!)E.-+( L**.**1.%-M( 9#55( :.( $/.*.%-.67( O!L( ")*( :..%( .D-.%*#3.5+( #%3.*-#&)-.6( :+( -".(

)0-",/(#%([,%-,3)*(;XWWYA()%6([,%-,3)*()%6(U*)/)E-#*(;XWWW>A7(G".(.D)2-(!-.$*(,E(8#*4(

L**.**1.%-(9#55( :.( )%)5+S.6( #%( !.2-#,%( =7V(9".%( HO,/1)5( !)E.-+(L**.**1.%-I(9#55( :.(

#%-/,602.67((

(
O#&7(=M=T(8#*4(Q)%)&.1.%-(U/,2.**(F!R(V=WWWTXWW>(M!,0/2.T(F!R(;XWW>)A(

(

_,-.( -")-( -".( 9,/4( $/.*.%-.6( #%( -"#*( 6#**./-)-#,%( 2)%( :.( 0*.6( 9#-"#%( )55( /.5)-#3.(

E/)1.9,/4*( -")-( #%2506.( 3)50)-#,%( ,E( -".( ")/1( -,( "01)%( 5#E.( )%6( -".( .%3#/,%1.%-(

;/.&)/6#%&(,#5( *$#55*( )%6()#/(.1#**#,%*A()%6(2)%(:.(.)*#5+(.D-.%6.6( -,(,-"./(")/1*()*(

9.557((

(

O#%)55+'( #-( #*( ,0-( ,E( -".( *2,$.( ,E( -"#*( 6#**./-)-#,%( -,( $/.*.%-( #%( 6.-)#5( -".( 8#*4(

L**.**1.%-( E/)1.9,/4*7( G"./.( #*( )( 3)*-( )1,0%-( ,E( 5#-./)-0/.( ,%( -"#*( )/.)( )%6( )(

5#-./)-0/.( /.3#.9( ,%( -"#*( #**0.( ")*( :..%( )5*,( $./E,/1.6( :+( -".( )0-",/( #%( [,%-,3)*(

;XWWYA7( G".( /.)6./(1)+(:.( /.E.//.6( -,( Z.#-2"( ;XW=WA( )%6(U0/6+( ;XW=WA( /.&)/6#%&( -".(

%.9(#%-./%)-#,%)5( F!R(*-)%6)/6(,%(/#*4(1)%)&.1.%-7(O,/(*,1.(6.E#%#-#,%*(,E(/#*4(*..(

[)$5)%( )%6( a)//#24;=>?=A'( L$,*-,5)4#*( ;=>>WA'( L$,*-,5)4#*( )%6( g0( ;=>>VA'( [)$5)%(

;=>>XA'L6)1*( ;=>>YA'( [5#%4.( t( 8.%%( ;XWWXA'( L$,*-,5)4#*( ;XWW\A( )%6( ^)#1.*( ;XWW>A7(

O#%)55+'()(3./+(9.55(9/#--.%()%6(0$(-,(6)-.(5#-./)-0/.(/.3#.9(,%(/#*4()**.**1.%-()%6(-".(

/.5)-#3.(6.E#%#-#,%*(2)%(:.(E,0%6(#%(l,")%*.%(;XW=WA7([.+(/.E./.%2.*(,%(/#*4()**.**1.%-(

)/.(<.6E,/6()%6(K,,4.( ;XWW=A'( )%6(L3.%()%6(J#%%.1( ;XWW`A'(J,*.( ;XWW?A( )%6(L3.%(

;XW==A7(
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1.4 Formal Safety Assessment 
O,/1)5( !)E.-+( L**.**1.%-( ;O!LA( 9)*( #%-/,602.6( :+( -".( F%-./%)-#,%)5( Q)/#-#1.(

R/&)%#S)-#,%(;FQRA()*(6(&2(01$%()&(%*&/:/0+C(018&A2$8+//&7$2&(88+//1%5&0@+&21/3&2+)(0+*&
0$&C(2101C+& /(7+0:&(%*& 0@+&A2$0+801$%&$7& 0@+&C(21%+& +%=12$%C+%0&(%*& 7$2& +=()9(01%5&
0@+&8$/0/&(%*&;+%+710/&$7& FGH-/&$A01$%/&7$2&2+*981%5&0@+/+&21/3/>;*..( FQR'(XWW`A7(O!L(

)#1*()-(&#3#%&(/.2,11.%6)-#,%*(-,(/.5.3)%-(6.2#*#,%(1)4./*(E,/(*)E.-+(#1$/,3.1.%-*(

0%6./(-".(2,%6#-#,%(-")-(-".(/.2,11.%6.6(1.)*0/.*(;/#*4(2,%-/,5(,$-#,%*A(/.602.(/#*4(

-,( -".( n6.*#/.6( 5.3.5o( )%6( )/.( 2,*-M.EE.2-#3.7( O!L( #*'( 20//.%-5+'( -".( 1)P,/( /#*4(

)**.**1.%-( -,,5( -")-( #*( :.#%&(0*.6( E,/( $,5#2+M1)4#%&(9#-"#%( -".( FQR'(",9.3./'( 0%-#5(

%,9( #-*( 1)#%( E,20*( 9)*( ,%( )**.**#%&( -".( *)E.-+( ,E( "01)%( 5#E.7( _,( .%3#/,%1.%-)5(

2,%*#6./)-#,%*(")3.(:..%(#%2,/$,/)-.6(-"0*(E)/(#%-,(O!L(&0#6.5#%.*7(L5*,(%,-.(-")-(O!L(

.D"#:#-*( *,1.( 5#1#-)-#,%*()%6(6.E#2#.%2#.*7(G".( /.)6./( #*( /.E.//.6( -,([,%-,3)*( ;XWWYA(

)%6([,%-,3)*()%6(U*)/)E-#*(;XWW@'XWW?()%6(XWW>A((E,/()(6#*20**#,%(,%(-".*.(#**0.*7((

(

G,( )2"#.3.( -".( ):,3.(,:P.2-#3.*'( -".( FQRI*( &0#6.5#%.*( ,%( -".( )$$5#2)-#,%(,E( -".( O!L(

/.2,11.%6.6( )( E#3.M*-.$( )$$/,)2"( ;9"#2"( #*( #550*-/)-.6( #%( -".( E,55,9#%&( O#&0/.A( )%6(

2,%*#*-*(,ET(

=7( ^)S)/6(F6.%-#E#2)-#,%(

X7( 8#*4(L**.**1.%-(

V7( 8#*4(K,%-/,5(R$-#,%*(

\7( K,*-M:.%.E#-(L**.**1.%-(

Y7( 8.2,11.%6)-#,%*(E,/(6.2#*#,%(1)4#%&(

(

(
O#&7(=MXT(O!L(O5,92")/-(M!,0/2.T(FLK!(;XWWYA(
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F%( :/#.E'( -".(1)#%(,:P.2-#3.(,E(6#/.*7* 89-:-$&* !&/"#;<;(-#;%"=( 2)%(:.( *)-#*E#.6(9#-"( )(

2,1:#%)-#,%( ,E( 2/.)-#3.( )%6( )%)5+-#2)5( .D./2#*.*( -")-( )#1( -,( #6.%-#E+( )55( /.5.3)%-(

")S)/6*7( _,-.( -")-(1,*-( *-06#.*( ")3.( .D-.%*#3.5+( ]#E( %,-( .D250*#3.5+M( 0*.6( "#*-,/#2)5(

6)-)(E,0%6(#%(3)/#,0*(2)*0)5-+(6)-):)*.*7(G".($0/$,*.(,E(6#/.*0*8>;?@*A"-B)?;?=(#*(-".(

6.-)#5.6( #%3.*-#&)-#,%( ,E( -".( 2)0*.*( )%6( 2,%*.f0.%2.*( ,E( -".( 1,/.( #1$,/-)%-(

*2.%)/#,*( M-")-(9"./.( #6.%-#E#.6( #%( -".( $/.3#,0*( *-.$M( #%( ,/6./( -,( E,20*( ,%( "#&"( /#*4(

)/.)*7((

(

L22,/6#%&( -,( -".(O!L(a0#6.5#%.*'( -".($0/$,*.(,E(6#/.*1* 8>;?@*+%"#$%B*C.#;%"?=#*T(60$&
A2$A$/+& +77+801=+& (%*& A2(8018()& I1/3& J$%02$)&HA01$%/& KIJH/L& 8$CA21/1%5& 0@+& 7$))$E1%5&
7$92&A21%81A()&/0(5+/M&&
N?&&7$89/1%5&$%&21/3&(2+(/&%++*1%5&8$%02$)O& &
P?&&1*+%017:1%5&A$0+%01()&21/3&8$%02$)&C+(/92+/&KIJG/LO&
Q?& & +=()9(01%5& 0@+&+77+801=+%+//&$7& 0@+&IJG/& 1%& 2+*981%5& 21/3&;:& 2+R+=()9(01%5& /0+A&PO&
(%*S?&&52$9A1%5&IJG/&1%0$&A2(8018()&2+59)(0$2:&$A01$%/?>&
&
G"./.( #*( %,( 6,0:-( -")-( -"#*( *-.$( #*( )( 3./+( #1$,/-)%-( ,%.7( G".( ,$-#,%*( -")-( 1)+( :.(

$/,$,*.6( E,/( #1$5.1.%-)-#,%()/.( -".( /.*05-*(,E( -"#*( *-.$7(G"./.( #*( )59)+*( -".( /#*4(,E(

5.)3#%&( #1$,/-)%-( /.602-#,%( 1.)*0/.*( ,0-( ,E( -".( E,55,9#%&( )%)5+*#*( :0-( -".( 1,*-(

#1$,/-)%-($,#%-(#*(-")-(-".(.EE.2-#3.%.**(,E(/#*4(2,%-/,5(1.)*0/.*(")*(-,(:.(.3)50)-.6(

:+(/#*4()%)5+*#*7(^,9.3./'(-"#*(#*(%,-(-".(2)*.(#%(1,*-(O!L(*-06#.*7(8#*4(/.602-#,%(-")-(

9#55(:.(6#*20**.6(#%(-".(%.D-(-9,(!-.$*(#*(1)#%5+(.*-#1)-.6(:+(.D$./-(P06&1.%-()%6(#*(

0*0)55+()($./2.%-)&.(,E(.D$.2-.6(,0-2,1.*(,E(-".(/.5)-#3.(")S)/67((

(

G".( E,0/-"( !-.$( ,E( )( O,/1)5( !)E.-+( L**.**1.%-( ;+%?#DE/"/<;#* A??/??F/"#A( #*( -,(

$./E,/1()%()**.**1.%-(*,()*(-,($#24(9"#2"(8KR*()/.(1,*-(2,*-(.EE.2-#3.7(L22,/6#%&(-,(

-".( O!L( &0#6.5#%.*'( ,%.( *-)&.( ,E( -"#*( !-.$( #*( -,( 6+/01C(0+& (%*& 8$CA(2+& 0@+& 8$/0&
+77+801=+%+//&$7&+(8@&$A01$%.&1%&0+2C/&$7&0@+&8$/0&A+2&9%10&21/3&2+*9801$%&;:&*1=1*1%5&0@+&
%+0&8$/0&;:&0@+&21/3&2+*9801$%&(8@1+=+*&(/&(&2+/9)0&$7&1CA)+C+%01%5&0@+&$A01$%>7((g")-(

9.( *",056( 25)/#E+( #*( -")-( -"#*( *-.$( #*( %,-( )2-0)55+( )( 2,*-( :.%.E#-( )**.**1.%-( #%( #-*(

-/)6#-#,%)5(1.)%#%&(:0-(/)-"./()(2,*-(.EE.2-#3.%.**()**.**1.%-(9"#2"(#*()(-,,5(1)#%5+(

0*.6( #%( ".)5-"( .2,%,1#2*7( F%( f0#-.( )55( O!L( *-06#.*( *0:1#--.6( -,( -".( FQR'( -".(1)P,/(

,0-2,1.(,E(-"#*(!-.$(#*(-".(.*-#1)-#,%(,E(2,*-M.EE.2-#3.%.**(#%6#2.*(*02"()*(-".(a/,**(

K,*-(,E(L3./-#%&()(O)-)5#-+(;aKLOA(-")-(#*(6#*20**.6(#%(!.2-#,%(V7=7(

(

G".(E#%)5(!-.$(,E(O!L()#1*()-(&#3#%&(/.2,11.%6)-#,%*(-,(-".(6.2#*#,%(1)4./*(E,/(*)E.-+(

#1$/,3.1.%-(-)4#%&(#%-,(2,%*#6./)-#,%(-".(E#%6#%&*(60/#%&()55(E,0/($/.3#,0*(*-.$*7(G".(

8KR*( -")-( )/.(:.#%&( /.2,11.%6.6( *",056( /.602.( 20//.%-( /#*4( -,( -".( n6.*#/.6( 5.3.5o(

)%6((p:.(2,*-(.EE.2-#3.p7((
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1.5 The ‘desired’ and ‘acceptable’ risk 
L%( #1$,/-)%-( )#1( ,E( /#*4( /.602-#,%(1.)*0/.*( #*( 60$& (//+//& 0@+& )+=+)& $7& 21/3& (0&E@18@&
+%5(51%5& 1%&0@+&;9/1%+//&$7&/@1AA1%5&2+C(1%/&/9/0(1%(;)+&>E,/()%( #%6#3#60)5(2,1$)%+'(

-".(*"#$$#%&(#%60*-/+()%6(-".(*,2#.-+()*()(9",5.()%6(-".(2,%2.$-(,E(/#*4(-,5./):#5#-+(#*(

#%-/,602.6( E,/( -"#*( $0/$,*.( )*( )( 1.)*0/.( 9"#2"( 6.*2/#:.*( -".( 6.&/..( ,E( /#*4(

)22.$-):#5#-+(;Z#()%6([055#%)%.'(XWWVA7(

(

F%( &.%./)5'( -,5./):#5#-+( 2)%(:.(6#3#6.6( #%-,( -"/..( 5.3.5*( :)*.6(,%( -".( )22.$-):#5#-+( ,E(

/#*4*7( O#&0/.( =( $/.*.%-*( )( 2,%2.$-0)5( *2".1)( *",9#%&( -".*.( -"/..( 5.3.5*'( 9"#2"( #*(

)6)$-.6( E/,1( Z#( )%6( [055#%)%.( ;XWWVA7( G"#*( #*( )(1,/.( &.%./#2( 2,%2.$-0)5#S)-#,%( -")%(

-".(,%.($/.*.%-.6(#%(Z#()%([055#%)%.(;XWWVA( #%(,/6./(-,(*-/.**(,0-(-")-( #%($/)2-#2.(-".(

:,0%6)/#.*( ,E( -".*.( /#*4( )/.)*( )/.( %,-(9.55( 6.E#%.67( F%( )66#-#,%'( -".( 2,%*.f0.%2.( #*(

$/.*.%-.6(#%(1,%.-)/+(0%#-*'(9"#2"(1)+(9.55(:.(-".(2)*.(E,/(.%3#/,%1.%-)5(/#*47(G"#*(

2,%2.$-(#*()5*,(3)5#6(E,/(%,%M1,%.-#S.6(2,%*.f0.%2.*7( (

(
O#&7(=MVT(K,%2.$-0)5#S)-#,%(,E()("+$,-".-#2)5(/.5)-#,%*"#$(:.-9..%(G,5./):#5#-+'(U/,:):#5#-+()%6(!.3./#-+(M(

L6)$-.6(E/,1(Z#()%6([055#%)%.(;XWWVA(

(

L22,/6#%&(-,(-".(^.)5-"()%6(!)E.-+(ND.20-#3.I*(;^!N'(b%#-.6([#%&6,1A(O/)1.9,/4(E,/(

-".(-,5./)%2.(,E(/#*4'(-"./.()/.(-"/..(/.&#,%*(#%(9"#2"(/#*4(2)%(E)55(#%-,(;^!N'(XWW=A7(R%.(

)/.)(#*(-".(%.&5#&#:5.(5.3.5(;,/()22.$-):5.(/#*4(5.3.5A'(9"./.(-".($)/-#205)/(2,1:#%)-#,%*(

,E(-".($/,:):#5#-+()%6(*.3./#-+(;#7.7(-".(/#*4A(,E()(")S)/6(E)55(9#-"#%(-".()/.)(:,0%6.6(:+(

-".($,#%-*(R!=R=U=R()%6(%,()2-#,%(#*(%..6.67(b%)22.$-):5.(8#*4(;E,/(.D)1$5.(/.*05-#%&(

E/,1("#&"()22#6.%-(E/.f0.%2+()%6("#&"(%01:./(,E(E)-)5#-#.*A(*",056(.#-"./(:.(E,/:#66.%(

,/(/.602.6()-()%+(2,*-7(G"#*(#*(-".()/.)(:,0%6.6(:+(R!XRXUXR7(

(

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

O 

S1 

S2 

P1 P2 !"#$%$&'&()*

+#,-(&.-/*
0#,1-23-,4-*567*

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

,&-+ ./0)12+ 3)4(+

5)46)7)*"6#+

86$)46)7)*"6#+
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<.-9..%(-".*.(-9,(/.&#,%*'(-".(-,5./):5.(/#*4(/.&#,%(#*(6.E#%.67(g#-"#%(O!L'(-".(%,-#,%(

,E( H6.*#/.6( 5.3.5I( #*( 5#%4.6(9#-"( -".( *,M2)55.6( /#*4( )22.$-)%2.( 2/#-./#)( )%6( -".( LZL8U(

$/#%2#$5.7( ^!N( ;XWW=A( 6.E#%.*( -"#*( )/.)( )*( -".( LZL8U( ;L*( Z,9( L*( 8.)*,%):5.(

U/)2-#2):5.A( /.&#,%7( G".*.( /.&#,%*( )22,/6#%&( -,( -".(LZL8U($/#%2#$5.( )/.( #550*-/)-.6( #%(

O#&0/.( =M\( :.5,97( _,-.( -")-'( #%( &.%./)5'( -"./.( #*( 6#*-#%2-#,%( :.-9..%( H-,5./):5.I( )%6(

H)22.$-):5.I(/#*47(

 

 

Risk cannot be justified save in 
extraordinary circumstances 

 

Control measures must be introduced for 
risk in this region to drive residual risk 
towards the broadly acceptable region. 

If residual risk remains in this region, and 
society desires the benefit of the activity, 
the residual risk is tolerable only if further 
risk reduction is impracticable or requires 
action that is grossly disproportionate in 
time, trouble and effort to the reduction in 
risk achieved 

 

Level of residual risk regarded as 
insignificant and further effort to reduce risk 
not likely to be required as resources to 
reduce risks likely to be grossly 
disproportionate to the risk reduction 
achieved 

O#&7(=M\T(G".(LZL8U(K,%2.$-(](!,0/2.T([,%-,3)*(;XWWYA()6)$-.6(E/,1(^!N(;=>>>A(

(

O!L( &0#6.5#%.*( $/,3#6.( %,( .D$5#2#-( 8#*4( L22.$-)%2.( K/#-./#)7( K0//.%-5+( 6.2#*#,%*( E,/(

"01)%( *)E.-+( )/.( :)*.6( ,%( -",*.( $0:5#*".6( :+( -".( b[( ^.)5-"( t( !)E.-+( ND.20-#3.(

;^!N'=>>>A( )%6( 9.( %,-.( -")-( #%( -".( /.2.%-5+( )6,$-.6( )1.%61.%-*( -,( -".( O!L(

&0#6.5#%.*(;*..(L%%.D(-,(6,27(Q!K(?VeF_O7XA'(#-(9)*(1)6.(25.)/(-")-()55(,E(-".*.(2/#-./#)(

)/.( ,%5+( #%6#2)-#3.7( 8#*4*( :.5,9( -".( -,5./):5.( 5.3.5( :0-( ):,3.( -".( %.&5#&#:5.( /#*4( ;E,/(

2/.9(1.1:./*'($)**.%&./*()%6(-"#/6($)/-#.*A(*",056(:.(1)6.(LZL8U(:+()6,$-#%&(2,*-M

.EE.2-#3.(8#*4(K,%-/,5(,$-#,%*(;8KR*A7((

(

L22,/6#%&(-,(-".(O!L(a0#6.5#%.*'(HF%6#3#60)5(8#*4I(#*(-)4.%(-,(:.(-".(/#*4(,E(6.)-"()%6(#*(

6.-./1#%.6(E,/(-".(1)D#1)55+(.D$,*.6(#%6#3#60)57(!-)//(;=>@>A(,:*./3.*(-")-($.,$5.I*(

9#55#%&%.**( -,( )22.$-( /#*4( #*( *0:*-)%-#)55+( &/.)-./( E,/( 3,50%-)/+( )2-#3#-#.*( -")%( E,/(

#%3,50%-)/+(*02"7(F%6..6'(#%(-".(#%6#2)-#3.(#%6#3#60)5(/#*4(2/#-./#)($/.*.%-.6(#%(-".(O!L(

a0#6.5#%.*'(-".(1)D#101(-,5./):5.(/#*4(E,/(2/.9(1.1:./*(#*(=e='WWW()%%0)55+()%6(E,/(

$)**.%&./*()%6($.,$5.()*",/.(#*(=W(-#1.*(5.**7(
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F%(.D-.%*#,%'(D/$81+0()&8$%8+2%/&*9+&0$&0@+&$88922+%8+&$7&C9)01A)+&7(0()101+/&1%&(&/1%5)+&
+=+%0&1/&3%$E%&(/&!/$81+0()&21/3?>( ;^!N'(XWW=A7(G".($0/$,*.(,E(*,2#.-)5(/#*4()22.$-)%2.(
2/#-./#)(#*(-,(5#1#-(-".(/#*4*(E/,1(*"#$*(-,(*,2#.-+()*()(9",5.'()%6(-,(5,2)5(2,110%#-#.*(

;*02"( )*( $,/-*A( 9"#2"( 1)+( :.( )EE.2-.6( :+( *"#$( )2-#3#-#.*7( F%( $)/-#205)/'( *,2#.-)5( /#*4(

)22.$-)%2.(2/#-./#)()/.(0*.6(-,(5#1#-(-".(/#*4*(,E(2)-)*-/,$".*()EE.2-#%&(1)%+($.,$5.()-(

-".(*)1.(-#1.'(*#%2.(*,2#.-+(#*(2,%2./%.6():,0-(*02"(.3.%-*(;"#&"(2,%*.f0.%2.(#%6.DA7(

b*0)55+'(!,2#.-)5( (8#*4()22.$-)%2.(#*(:)*.6(,%(-".(*,M2)55.6((O_M6#)&/)17(OM_(6#)&/)1(

*",9*(-".(/.5)-#,%*"#$(:.-9..%(-".()%%0)5( E/.f0.%2+(O(,E()22#6.%-*(9#-"(_(,/(1,/.(

E)-)5#-#.*( ;<)55'(=>>?C(^!N'XWW=A7(L%(OM_(6#)&/)1( #*(0*.6(-,(f0)%-#E+(*,2#.-)5( /#*4()*( #-(

)22,0%-*(E,/( 5)/&.()22#6.%-*()*(9.55()*(E,/(*1)55(,%.*(9"#2"(.%):5.(0*(-,(.D$/.**(/#*4(

)3./*#,%7(8#*4()3./*#,%(#%(OM_(20/3.*(#*(0*.6(-,(.D$/.**(-")-'(#%(&.%./)5'(*,2#.-+(#*(5.**(

9#55#%&(-,()22.$-(,%.(5)/&.()22#6.%-(9#-"(1)%+(E)-)5#-#.*(-")%(1)%+()22#6.%-*(.)2"(9#-"(

)(*1)55(%01:./(,E(E)-)5#-#.*7(G".(LZL8U($/#%2#$5.(2)%()5*,(:.(0*.6(#%(-"#*(2)*.7(

 
O#&((=MYT(G+$#2)5(OM_(B#)&/)1](!,0/2.T([,%-,3)*(;XWWYA(

 
L22,/6#%&( -,( -".( LZL8U( $/#%2#$5.'( )( /#*4( /.602-#,%(1.)*0/.( *",056( :.( #1$5.1.%-.6(

$/,3#6.6( #-( 2)%%,-( :.( 6.1,%*-/)-.6( -")-( -".( 2,*-*( )/.( H&/,**5+( 6#*$/,$,/-#,%)-.I(

/.5)-#3.( -,( -".(&)#%*(,:-)#%.6( E/,1( /.602#%&( -".( /#*4( E0/-"./7( G,( 3./#E+(:.#%&(LZL8U'(

$/,2.60/.*(1)#%5+(:)*.6(,%(-/)6#-#,%)5(2,*-]:.%.E#-()%)5+*.*(;-")-(9#55(:.(6#*20**.6(#%(

K")$-./(XA(2)%(:.(0*.67((
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F%( *",/-'( -".( H6.&/..( ,E( 6#*$/,$,/-#,%I( 6( ,E( .7&7( D'( 1.)%*( -")-( E,/( )(1.)*0/.( -,( :.(

/.P.2-.6'(-".(2,*-*(*",056(:.(1,/.(-")%(D(-#1.*(5)/&./(-")%(-".(:.%.E#-*C()%6(#*(6.E#%.6(

)*(E,55,9*T(

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

(

G"./.( #*( %.#-"./( )%( )0-",/#-)-#3.( &0#6)%2.( ,%( 9")-( /)-#,( -,( .1$5,+'( %,/( )( E,/1)5(

)5&,/#-"1(E,/(9"#2"(E)2-,/*(-,(-)4.(#%-,()22,0%-()%6(P06&1.%-*(*",056(:.(1)6.(,%()(

2)*.( :+( 2)*.( :)*#*7( L*( r/05.( ,E( -"01:r( ^!N( ;XWW>A( 0*.*( )*( )( *-)/-#%&( $,#%-( -".(

*0:1#**#,%(-,(-".(=>?`(!#S.9.55(<(F%f0#/+(-")-()(E)2-,/(,E(0$(-,(V(;#7.7'(2,*-*(-"/..(-#1.*(

5)/&./(-")%(:.%.E#-*A(9,056()$$5+(E,/(/#*4*(-,(9,/4./*C(E,/(5,9(/#*4*(-,(1.1:./*(,E(-".(

$0:5#2()(E)2-,/(,E(X()%6(E,/("#&"(/#*4*()(E)2-,/(,E(=W7(

(

G".(/.)6./(#*(/.E.//.6(-,(l,")%*.%(;XW=WA(9",(")*($./E,/1.6()(-"/,0&",0-(5#-./)-0/.(

/.3#.9(,E(/#*4()22.$-)%2.(2/#-./#)7(F%()66#-#,%'(-".()0-",/(")*($./E,/1.6()%()%)5+*#*(,E(

)22.$-)%2.(2/#-./#)(0*.6(#%(O!L(#%(K")$-./(?(,E("#*(0%6./&/)60)-.(6#$5,1)(-".*#*'(*..(

[,%-,3)*(;XWWYA7(

(

F-(*",056(:.(*-/.**.6(,0-(-")-(1,*-(/#*4()22.$-)%2.(2/#-./#)(2,%2./%#%&(/#*4(-,("01)%(

5#E.( )3,#6( 1,%.-#S#%&( -"#*( /#*4( )%6( 0*.( %,%M1,%.-)/+( 0%#-*( *02"( )*( -".( )1,0%-( ,E(

E)-)5#-#.*( )3./-.67( F%( )55( ,-"./( 2)*.*'( -".( /#*4( 2)%( :.( .)*#5+( 1,%.-#S.6( )%6( /#*4(

-,5./):#5#-+(2)%(:.()$$/,)2".6(:+(-".()22.$-.6(1,%.-#S.6(/#*47(F%(-"#*(2)*.'(-".(&.%./#2(

2,%2.$-0)5#S)-#,%(9./.(-".(2,%*.f0.%2.(#*(1,%.-#S.6()*($/.*.%-.6(#%(O#&7(=M\(2)%(:.(

0*.67(

(

O0/-"./1,/.'(#%(*02"(2)*.*(#-(1)+(:.(1,/.(#%-./.*-#%&(-,(#%3.*-#&)-.(-".(,$-#1)5(5.3.5(

,E(*)E.-+()%6(.%3#/,%1.%-)5($,550-#,%'(*..(%.D-(K")$-./()%6(,%.($,**#:#5#-+(1)+(:.(-,(

6.E#%.(-"#*(,$-#1)5(5.3.5()*(-".(:,0%6)/+(:.-9..%(-".(H)22.$-):5.I()%6(H0%)22.$-):5.I(

/.&#,%7( G,( -")-( .D-.%-'( -".( )22.$-):5.( 5.3.5( ,E( /#*4( 2)%( )5*,( :.( E,/105)-.6( )*( )%(

.2,%,1#2( 6.2#*#,%( $/,:5.1( 9"./.( -".( .D$.%6#-0/.( E,/( )( *)E./( )%6( 1,/.(

.%3#/,%1.%-)5(E/#.%65+(*-)-.(#*(.f0)-.6(9#-"(-".(&)#%(1)6.(:+(-".(6.2/.)*#%&($/.*.%-(

3)50.( ,E( -".( /#*47( G".( )22.$-):5.( /#*4( 2)%( -".%( :.( -/)%*E,/1.6( -,( )( 5#1#-( E,/( -".(

.D$.2-.6(.2,%,1#2(6)1)&.(#%(1,%.-)/+(0%#-*($./(-#1.(0%#-((;.7&7(u($./(+.)/'(,/(u($./(

*"#$( +.)/A7( G"#*( #**0.( #*( ,0-( ,E( -".( *2,$.( ,E( -"#*( 6#**./-)-#,%( :0-( 6.E#%#-.5+( 6.*./3.*(

*,1.(#%3.*-#&)-#,%(#%(-".(E0-0/.7(

(

(

(
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1.6 Economic Appraisal within Public Policy &Risk 
Assessment 

F-( #*( .3#6.%-( -")-( )( /#*4ME/..( *"#$$#%&( #%60*-/+( #%( %,-( $,**#:5.7( !.2-#,%( X7X9#55( #%6..6(

$/.*.%-( -")-( -")-( -"./.( #*( )%(,$-#1)5( *,2#.-)5( ;)%6($/#3)-.A( %,%MS./,( 5.3.5( ,E( )2-#3#-+(

:,-"( E,/( "01)%( *)E.-+( )%6( .%3#/,%1.%-)5( $,550-#,%7( F%( )66#-#,%'( 20//.%-5+'( 1,*-(

*-06#.*(*0$$,/-(-".(E)2-(-")-(#%6#3#60)5()%6(*,2#.-)5(/#*4(E,/(1,*-(*"#$(-+$.*()/.(#%(-".(

LZL8U(/.&#,%'(*..(!4P,%&(;XWWX)A()%6()55(O!L(*0:1#--.6(-,(-".( FQR(:+(-".(!LONBR8(

$/,P.2-( ;!LONBR8'( XWW?A7( ^,9.3./'( 1,/.( )%)5+*#*( 6..1*( %.2.**)/+( )*( ,%.( *#%&5.(

)22#6.%-(1)+(1,3.(-".(.%-#/.(E5..-(,E()(*$.2#E#2(*"#$-+$.(-,(-".(0%)22.$-):5.(/.&#,%7(F-(

*..1*( -")-( -".( 1,*-( 2/02#)5( $/,2.**( #*( -")-( ,E( 9.#&"-#%&( -".( 2,*-( ,E( /#*4( 2,%-/,5(

1.)*0/.(9#-"(#-*(:.%.E#-*7((

(

G"./.( )/.( )( 2,0$5.( ,E( -.2"%#f0.*( -")-( 9.#&"( 0$( -".( 2,*-*( ,E( )%( )2-#,%( )&)#%*-( -".(

:.%.E#-*(-")-(#-($/,3#6.*7(F%(&.%./)5'(-".*.(-.2"%#f0.*()/.()$$5#.6(:.E,/.(-".()2-#,%(#*(

-)4.%(;.D()%-.A(-,(6.2#6.(9")-(#*(-,(:.(6,%.(,/(2",,*.()1,%&()(*.-(,E($,**#:5.()2-#,%*(

M-"#*( #*( 2)55.6( N2,%,1#2( )$$/)#*)5M( )%6( )E-./( -".( )2-#,%( -,( .3)50)-.( -".( .EE.2-*( ,E( #-*(

#1$5.1.%-)-#,%( M-"#*( #*( /.E.//.6(-,()*(.2,%,1#2(.3)50)-#,%7(G".*.(-.2"%#f0.*(2)%(:.(

$)/-(,E(,-"./(E/)1.9,/4*(;E,/(.D)1$5.()(/#*4()**.**1.%-A(,/(*-)%6)5,%.($/,2.60/.*7((

(

G".*.(1.-",6*()/.()5*,(9#6.5+(0*.6(#%($0:5#2($,5#2'(*..(%.D-(K")$-./7(O,/(.D)1$5.'(-".(

b%#-.6( !-)-.*( )%6( -".( b%#-.6( [#%&6,1( ")3.( 6.-)#5.6( &0#6)%2.( ,%( ",9( -,( 2,%602-(

/.5.3)%-( )%)5+*.*7( ^,9.3./'( $/,:):5+( -".(1)#%( 6#*)63)%-)&.( ,E( K<L( #*( -")-( #-( *..4*(

1,%.-#S)-#,%( ,E( )55( -".( .EE.2-*7( !,1.( $.,$5.( E..5( -")-( #-( #*( 0%.-"#2)5( -,( $5)2.( )(

1,%.-)/+(3)50.(,%(".)5-"(,/(1,/-)5#-+(/#*4(2")%&.*(:.2)0*.(#-(*..1*(-")-(K<L($5)2.*()(

3)50.(,%("01)%( 5#E.( ;[/0$%#24'(XWW\A7( O0/-"./1,/.'( )5-",0&"( -"./.( #*(%,-"#%&(9/,%&(

9#-"( #-*( -".,/.-#2)5(:)24&/,0%6'()$)/-( -".*.(.-"#2)5( #**0.*'(,%.(1)#%($/,:5.1( ;#E( -"#*(

2)%(:.(2,%*#6./.6(,%.A(#-(-")-(K<L(%..6*()(5,-(,E(/.*,0/2.*()%6(-#1.7(R%.(9)+(-,()3,#6(

$,-.%-#)5( .-"#2)5( #**0.*( )%6( -,( )//#3.( )-( E)*-./( /.*05-*( #*( -,( 0*.( -".( *,M2)55.6( 2,*-(

.EE.2-#3.%.**()%)5+*#*(;KNLA(9"#2"(2,1$)/.*(-".(2,*-*(,E()5-./%)-#3.(9)+*(,E($/,602#%&(

-".(*)1.(,/(*#1#5)/(,0-$0-*7(L(KNL(5,,4*()-(-".()1,0%-(,E(2,*-($./(0%#-(,E(.EE.2-(](-")-(

#*( KeN'( 9"./.( K( )/.( 2,*-*( ,E( )( $/,2.60/.( )%6( N( -".( /.5.3)%-( 2,%*.f0.%2.*( ;.EE.2-*A(

;</.%-'(XWWVA(

(

G".*.( 1)#%( -.2"%#f0.*( E,/( .2,%,1#2( )$$/)#*)5( 9#55( :.( $/.*.%-.6( #%( -".( E,55,9#%&(

K")$-./7(g")-(")*(:..%(*)#6(0%-#5(%,9( #*( *0EE#2#.%-( -,($5)2.( -".*.( -.2"%#f0.*(9#-"#%(

/#*4()**.**1.%-()5-",0&"()*(#-(9)*(6#*20**.6(:.E,/.(-"./.(-.2"%#f0.*(2)%()5*,(:.(0*.6(

#%()(*-)%6)5,%.(E,/17(G".(,:P.2-#3.(,E(K<L(#%()(/#*4()**.**1.%-(2,%-.D-( #*(-,( #6.%-#E+(

2,*-M.EE.2-#3.( /#*4( /.602-#,%(1.)*0/.*7( _,-.( -")-'( )*( #-( 9#55( :.( )%)5+S.6( #%( -".( %.D-(
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!.2-#,%'( 20//.%-5+( 9#-"#%( O,/1)5( !)E.-+( L**.**1.%-( -".( 1)#%( -,,5( E,/( .2,%,1#2(

)$$/)#*)5( #*(K,*-(NEE.2-#3.%.**(L%)5+*#*()%6(%,-(K,*-(<.%.E#-(L%)5+*#*7(F%()%+(2)*.'(-".(

9)+(,E($5)2#%&(-".*.(-.2"%#f0.*(#%-,()(/#*4()**.**1.%-(E/)1.9,/4(#*()51,*-(-".(*)1.(

)%6(#*(2,%2.$-0)5#S.6(#%(O#&0/.(=M@7(

 
O#&7(=M@T((K<L(#%()(/#*4()**.**1.%-(2,%-.D-(](!,0/2.T([/#*-#)%*.%(;XWWYA(

(

L*( )( 2,%250*#,%( ,E( -"#*( #%-/,602-,/+( 2")$-./'( -"#*( 6#**./-)-#,%( 6.)5*( 9#-"( -".( /)-"./(

6#EE#205-( #**0.( ,E(1,%.-#S#%&( /#*4( )%6( .3)50)-#%&( )5-./%)-#3.*( -,( /.602.( -"#*( /#*47( G".(

)63,2)2+( ,E( )%( )$$/,)2"( :)*.6( ,%( 2,*-]:.%.E#-( )%)5+*#*( #%( -".( /.&05)-#,%( ,E(

.%3#/,%1.%-)5'( ".)5-"( )%6( *)E.-+( 2,%-.D-*( #*( %,-"#%&( %.9( ;L//,9'( =>>`A7( ^,9.3./'(

5#--5.(")*(:..%(9/#--.%(,%(",9(-,()$$5+(3)50)-#,%(-.2"%#f0.*( #%()$$5#.6(1)/#-#1.(/#*4(

)**.**1.%-'(.*$.2#)55+(E,/(%,-(".)5-"(/.5)-.6(/#*4*7(G,(-")-(.D-.%-'(-"#*(-".*#*($/.*.%-*(

-".(9,/4($./E,/1.6(:+(-".()0-",/()%6(,-"./(1.1:./*(,E(-".(Z):,/)-,/+(E,/(Q)/#-#1.(

G/)%*$,/-(9#-"#%(-".(F%-./%)-#,%)5(Q)/#-#1.(R/&)%#S)-#,%()*(/.&)/6*(/#*4*(/.5)-.6(-,(,#5(

*$#55*7( F%( )66#-#,%'( -"./.(")*(:..%(%,( O!L( *-06+( -")-( )**.**.*( /.602-#,%(1.)*0/.*( -,(

/.602.(*"#$()#/(.1#**#,%*7(O#%)55+'(-,(-".()0-",/I*(4%,95.6&.(-"./.(")*(%.3./(:..%()%+(

$/)2-#2)5(.D)1$5.(,E(0*#%&(%,%M5#%.)/(6)1)&.(E0%2-#,%*(9#-"#%(O!L(;.D2.$-(*,1.(2)*.*(

E,/(,#5(*$#55($,550-#,%(/#*4*AC()(*-.$(9"#2"(9#55(6.E#%#-.5+( 5.)6( #%(.%&)&#%&(1,/.(,E(K,*-(

<.%.E#-(L%)5+*#*7(G".*.()/.(#%6..6(*,1.(,E(-".(*-/,%&($,#%-*(,E(-"#*(9,/4*7((

(

<+( )55( -".( ):,3.'( -"#*( 6#**./-)-#,%( 2,0$5.*( -".( $/)2-#2)5( 9)+( ,E( -"#%4#%&( 9#-"( -".(

-".,/.-#2)5( :)24&/,0%6( $/,3#6.6( :+( .2,%,1#2( -".,/#.*'( #6.%-#E#.*( $,**#:5.( 9)+*( -,(

1,%.-#S.()%6(.3)50)-.(/#*4( #%(*02"()($/)2-#2)5(9)+(-")-(2)%(:.(.)*#5+( #%2,/$,/)-.6( #%(

/#*4()**.**1.%-(E/)1.9,/4*()%6()*()(/.*05-(2,%-/#:0-.*(-,(-".(:.--./(0%6./*-)%6#%&(,E(

-".(/.5.3)%-(.2,%,1#2(/#*4(E,/()%(.EE#2#.%-(/#*4M#%E,/1.6(6.2#*#,%(1)4#%&7((
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2  
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J)50)-#,%(-.2"%#f0.*'()*(-".(9,/6(#1$5#.*'()/.(0*.6(-,()--)2"()(n3)50.o(-,(-".(:.%.E#-*(

,E()(2./-)#%(/#*4(/.602-#,%(1.)*0/.7(G"#*( #*(.f0#3)5.%-(-,(1,%.-#S#%&'( #%(,0/(2)*.'(-".(

$,-.%-#)5( /#*47(G".(0*.(,E(.3)50)-#,%( -.2"%#f0.*( #*( -,(9.#&"( -".(:.%.E#-*(,E()%()2-#,%(

)&)#%*-(-".(2,*-*7(G"#*( #*( -".(1)#%(2/#-./#,%(-")-(9.()55("01)%*()$$5+(.3./+6)+(9".%(

1)4#%&( 6.2#*#,%*7(g.( .3)50)-.( )5-./%)-#3.*( ,/( 6.2#6.( 9".-"./( 9.( *",056( &,( )".)6(

9#-"( )( $)/-#205)/( 6.2#*#,%( ,/( P0*-( *-)+( 9#-"( -".( 20//.%-( *#-0)-#,%7( F%( ,0/( .3./+6)+(

6.2#*#,%M1)4#%&( 9.( #1$,*.( 2/#-./#)( :)*.6( ,%( ,0/( $./2.#3.6( 0-#5#-+( ,E( )%( )2-#,%( )%6(

-".%(2,1$)/.( #-(9#-"(-")-(,E(-".()5-./%)-#3.*7(!#1#5)/5+'(9".%()%()2-#,%(-")-( #1$,*.*(

/#*4( #%("01)%( 5#E.( #*( #6.%-#E#.6(-".%(1.)*0/.*(-,(/.602.(-".*.(/#*4*(*",056(:.(*,0&"-(

2,%*-/)#%.6(,E(2,0/*.(:+(-".(:06&.-7(

(

U,5#2+(1)4./*( )$$5+( -".( *)1.( 2/#-./#,%(9"./.( 2,*-*( )%6( :.%.E#-*( )/.( P06&.6( E/,1( )(

9#6./($./*$.2-#3.'(-")-(,E(*,2#.-+()*()(9",5.7(F-(#*(25.)/(-")-(-"./.()/.()(5,-(,E(6#EE#205-(

$,#%-*(#%(6,#%&(*,C(*..(^)%5.+()%6(<)/:#./(;XWW>A7(O,/(.D)1$5.'(9")-(6,(9.(1.)%(:+(

H*,2#.-+I( )%6( 9")-( *",056( 9.( #%2506.( )*( -".( H:.%.E#-*I( ,/( -".( H2,*-*I( k( ^,9( 6,( 9.(

H3)50.I( -".*.( )%6( ",9(9.( 6,( -"#*( E,/( )2-#,%*( ;1.)*0/.*'( $,5#2#.*( ,/( $/,P.2-*A(9",*.(

2,*-*( )%6( :.%.E#-*( *-/.-2"( E)/( #%-,( -".( E0-0/.'( E,/( .D)1$5.( -",*.( /.5)-.6( -,( K5#1)-.(

K")%&.k( (!,1.()%*9./*(2)%(:.()/.($/,3#6.6(:+(.3)50)-#,%( -.2"%#f0.*(*02"()*(K,*-M

<.%.E#-(L%)5+*#*( ;K<LA()%6(K,*-MNEE.2-#3.%.**(L%)5+*#*( ;KNLA7(G".*.(-,,5*(2)%(:.(0*.6(

E,/( #%6#3#60)5( 6.2#*#,%*( :0-( )5*,( E,/( 6.2#*#,%*( #%( -".( $/#3)-.( *.2-,/( ;E#/1*A( )%6(

/.&05)-,/*(;&,3./%1.%-*A7(

(

8;3$3/&;)>BB1#&+#9)2&%<&$)A($%1#9)C3'(1$/($%)
L*(6#*20**.6(#%(-".(#%-/,602-,/+(K")$-./'(-".(0*.(,E(-".*.(-.2"%#f0.*(#*(1)%6)-,/+(#%(

*,1.(2,0%-/#.*7( F%(-".(b%#-.6(!-)-.*'(K<L(9#-"#%($,5#2+(1)4#%&(")*()( 5,%&("#*-,/+7( F%(

&.%./)55+'( -".( #1$5.1.%-)-#,%( ,E( K<L( #*( )**,2#)-.6( 9#-"( -".( 8.)&)%( L61#%#*-/)-#,%(

)%6( ND.20-#3.( R/6./( =XX>=( 9"#2"( /.f0#/.6( )&.%2#.*( -,( $/,602.( /.&05)-,/+( #1$)2-(

)%)5+*.*(;8FLA(,%(/.&05)-#,%*(9#-"()( 5#4.5+()%%0)5( #1$)2-(,E(u=WW(1#55#,%(,/(1,/.7(b!(

U/.*#6.%-(K5#%-,%( #**0.6(ND.20-#3.(R/6./( =X?@@( #%( =>>V( -,( &,3./%( /.&05)-,/+( /.3#.9(

/.f0#/#%&( -")-( :.%.E#-*( ,E( )( /.&05)-#,%( P0*-#E+( -".( /.&05)-#,%I*( 2,*-( /)-"./( -")%( -".(

E,/105)-#,%( #%( -".( 8.)&)%( ND.20-#3.(R/6./(9"#2"( /.f0#/.6( -")-( :.%.E#-*( .D2..6( -".(
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2,*-*( ;!")$#/,'( XW=WA7( ( b%6./( ND.20-#3.(R/6./( =X?@@'(b7!7(a,3./%1.%-( )&.%2#.*( )/.(

/.f0#/.6'(-,(-".(.D-.%-($./1#--.6(:+(5)9'(D0$&(//+//&;$0@&0@+&8$/0/&(%*&0@+&;+%+710/&$7&
0@+& 1%0+%*+*&2+59)(01$%&(%*.& 2+8$5%1,1%5& 0@(0&/$C+&8$/0/&(%*&;+%+710/&(2+&*177189)0& 0$&
B9(%017:.&A2$A$/+&$2&(*$A0&(&2+59)(01$%&$%):&9A$%&(&2+(/$%+*&*+0+2C1%(01$%&0@(0&0@+&
;+%+710/& $7& 0@+& 1%0+%*+*& 2+59)(01$%& <9/017:& 10/& 8$/0/?D( R%( l)%0)/+( =?'XW=='( U/.*#6.%-(
R:)1)(*#&%.6(ND.20-#3.(R/6./(=VY@V'(HF1$/,3#%&(8.&05)-#,%()%6(8.&05)-,/+(8.3#.9I'(

/.M)EE#/1#%&(b!(U/.*#6.%-(K5#%-,%I*(6#/.2-#3.7(

(

K<L( )%6( KNL( )/.( 0*.6( #%( .2,%,1#2( )$$/)#*)5( #%( 1)%+( 2,0%-/#.*'( 9#-",0-( )5-",0&"(

:.#%&(1)%6)-,/+7( O,/(.D)1$5.'(:.E,/.( -".(N0/,$.)%(K,11#**#,%( ;NKA($/,$,*.*(%.9(

#%#-#)-#3.*(#-()**.**.*(-".($,-.%-#)5(.2,%,1#2'(*,2#)5()%6(.%3#/,%1.%-)5(2,%*.f0.%2.*(

:+( $./E,/1#%&( F1$)2-( )**.**1.%-*( ;FLA( -")-( 1)+( #%2506.( )( 2,*-M:.%.E#-( ,/( 2,*-M

.EE.2-#3.%.**()%)5+*#*7(K<L()%6(KNL()/.()5*,(9#6.5+(0*.6( #%(-".(b%#-.6([#%&6,17(G".(

*,M2)55.6(pa/..%(<,,4p'(-".(^Q(G/.)*0/+I*(&0#6)%2.(E,/(K.%-/)5(a,3./%1.%-'(*.-*(,0-(

)(E/)1.9,/4(E,/(-".()$$/)#*)5()%6(.3)50)-#,%(,E()55($,5#2#.*'($/,&/)1*()%6($/,P.2-*7(

(

^,9.3./'( #%( -".(b['( -".(1,*-( 2,11,%( E,/1(,E()%)5+*#*( #%(&,3./%1.%-(.*$.2#)55+( -,(

)**.**(".)5-"(.EE.2-*(#*(2,*-(.EE.2-#3.%.**()%)5+*#*(;KNLA'(9"./.(-".(2,*-*(,E()5-./%)-#3.(

9)+*(,E($/,3#6#%&(*#1#5)/(4#%6*(,E(,0-$0-()/.(2,1$)/.6()%6(-".(.EE.2-(#%(".)5-"(#*(%,-(

1,%.-#S.6'( )*( #%( K<L'( :0-( 1.)*0/.*( *02"( )*( -".( +.)/*( ,E( 5#E.( &)#%.6( ,/( $/.1)-0/.(

6.)-"*()3./-.6()%6(,-"./*()/.(0*.67(L2-0)55+'(#-( #*($/,:):5+(-/0.(-")-(9,/569#6.(2,*-M

.EE.2-#3.%.**( )%)5+*#*( ")*( .1./&.6( )*( )( E)3,/.6( )%)5+-#2)5( -.2"%#f0.( E,/( .2,%,1#2(

.3)50)-#,%(#%(".)5-"(2)/.7(

(

O,/( )( %01:./( ,E( +.)/*'( -".( b%#-.6( [#%&6,1'( K)%)6)'( L0*-/)5#)'( )%6( ,-"./( 2,0%-/#.*(

")3.(.D$5#2#-5+( #%2,/$,/)-.6(2,*-M.EE.2-#3.%.**(2,%*#6./)-#,%*'(E,/(.D)1$5.'( #%(1)4#%&(

2,3./)&.()%6($/#2#%&(6.2#*#,%*(6/0&*()%6(1.6#2)5(-/.)-1.%-*7(G".(b7[7(B.$)/-1.%-(,E(

^.)5-"( ")*( 2,11#**#,%.6( -".( _)-#,%)5( F%*-#-0-.( E,/( ^.)5-"( )%6( K5#%#2)5( ND2.55.%2.(

;_FKNA(-,(1)4.(/.2,11.%6)-#,%*(,%(-".(:)*#*(,E(:,-"(25#%#2)5(.EE.2-#3.%.**()%6(2,*-M

.EE.2-#3.%.**7( B.2#*#,%*( 1)6.( :+( -".( _)-#,%)5( F%*-#-0-.( E,/( ^.)5-"( )%6( K5#%#2)5(

ND2.55.%2.( ;_FKNA( ):,0-( 9".-"./( -".( b[( _)-#,%)5( ^.)5-"( !./3#2.( ;_^!A( *",056( E0%6(

-/.)-1.%-*()/.()5*,(:)*.6(,%(2,*-(.EE.2-#3.%.**7(

(

F%( -".( b%#-.6( !-)-.*'( *#%2.( -".( =>@W*( )%6( .)/5+( =>`W*'( ".)5-"( ,EE#2#)5*( )-( -".( b7!7(

B.$)/-1.%-( ,E( ^.)5-"'( N602)-#,%'( )%6( g.5E)/.( :.&)%( )$$5+#%&( KNL( -,( )( 3)/#.-+( ,E(

".)5-"( $/,:5.1*'( #%2506#%&( 4#6%.+( 6#*.)*.( )%6( 1)-./%)5( )%6( 2"#56( ".)5-"( $/,&/)1*(

;[5)/1)%'(=>@?A7(^,9.3./(#-(#*()/&0.6(-")-(-"./.(#*(*,1.(/.*#*-)%2.(#%(9#6.5+()22.$-#%&(

KNL(#%(-".(b%#-.6(!-)-.*(;_.01)%%'(XWWYA7(
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O#%)55+'( #%()(1,/.( #%-./%)-#,%)5( E/)1.9,/4'(G".(K^RFKN(;K^R,*#%&( F%-./3.%-#,%*(-")-(

)/.( K,*-MNEE.2-#3.A( $/,P.2-( #*( )( 1)P,/( g^R( ;g,/56( ^.)5-"( R/&)%#S)-#,%A( #%#-#)-#3.(

6.3.5,$.6(#%(=>>?(DE10@&0@+&$;<+801=+&$7&A2$=1*1%5&A$)18:&C(3+2/&E10@&0@+&+=1*+%8+&7$2&
*+81*1%5&$%& 0@+& 1%0+2=+%01$%/& (%*&A2$52(C/&E@18@&C(#1C1,+& @+()0@& 7$2& 0@+& (=(1)(;)+&
2+/$928+/D&;g^R'(XWWVA7(

2.1 The Microeconomic foundations of valuation and 
evaluation 

G"#*( *.2-#,%(:/#.E5+( 2,3./*( -".(:)*#2( -".,/.-#2)5( E/)1.9,/4(.*$.2#)55+(,E( 2,*-]:.%.E#-(

)%)5+*#*(9#-"()%(,:P.2-#3.(#*(-,(&#3.()(25.)/./($#2-0/.(,E(-".(-".,/+(:."#%6(-".(2,%2.$-*(

,E( #%6#3#60)5( )%6( *,2#)5( 9.5E)/.( )%6( -".( 6.2#*#,%( 2/#-./#)( :)*.6( ,%( -".( %.-( $/.*.%-(

3)50.7( Q,*-( ,E( -".( 1)-./#)5( ;#%2506#%&( %,-)-#,%A( #%( -"#*( !.2-#,%( #*( :)*.6( ,%( 6.( 80*(

;XW=WA7(Q,/.(,%(-".(2,%2.$-0)5(:)*#*(,E(2,*-(:.%.E#-()%)5+*#*(#%(9.5E)/.(.2,%,1#2*(2)%(

:.( E,0%6( #%(<,)/61)%(.-()57( ;XWW=CXW=WA'( l0*-(.-()57;XWW\A'(Q#*")%()%6(c0)"( ;XWW`A(

)%6(6.(80*(;XW=WA7(

(

G,( *-)/-(9#-"'& A$/101=+& +8$%$C18/& #*( -".( :/)%2"( ,E( .2,%,1#2*( -")-( #*( 2,%2./%.6(9#-"(

0%6./*-)%6#%&( )%6( $/.6#2-#%&( .2,%,1#2( :.")3#,/7( R%( -".( ,-"./( ")%6'( 9.5E)/.(

.2,%,1#2*( #*( 2,%2./%.6( 9#-"( 9")-( H,0&"-I( -,( :.7( g.5E)/.( .2,%,1#2*( :.5,%&*( -,(

%$2C(01=+& +8$%$C18/( )*( #-( E,20*.*( ,%( 0*#%&( /.*,0/2.*( ,$-#1)55+( -,( )2"#.3.( -".(

1)D#101( 9.55M:.#%&( E,/( -".( #%6#3#60)5*( #%( *,2#.-+( )%6( #*( :)*.6( #*( )( *.-( ,E( .-"#2)5(

)**01$-#,%*7(G9,(,E( -".*.(.-"#2)5()**01$-#,%*()/.(9#6.5+()22.$-.6()*($/,3#6#%&( -".(

E,0%6)-#,%*(,E( -".()$$5#.6(9.5E)/.(.2,%,1#2*( )%6($,5#2+( .3)50)-#,%7( G".( E#/*-( ,%.( #*(

-")-(60@+&E+)7(2+& /0(09/&$7& /$81+0:&C9/0&;+& <9*5+*& /$)+):&;:& 0@+&C+C;+2/&$7& /$81+0:.&
E@18@& 2+8$5%1,+/& 0@+& 02(*101$%()& +CA@(/1/& $%& 0@+& 1CA$20(%8+& $7& 0@+& 1%*1=1*9()& 1%&
T+/0+2%& /$81+0:>( )5*,( 2)55.6( -".( 79%*(C+%0()& +0@18()& A$/09)(0+& ,/( -".( $/#%2#$5.( ,E(
1%*1=1*9()1/C&;c0#/4()%6(!)$,*%#4(=>@?A()22,/6#%&(-,(9"#2"(-".(,%5+(-"#%&(-")-(2,0%-*(
#*(-".($/.E./.%2.*(,E(-".(1.1:./*(,E(*,2#.-+7(G".(*.2,%6($/,$,*#-#,%(#*(-")-(*,2#.-+(#*(

:.--./( ,EE( #E( )%+(1.1:./( ,E( *,2#.-+( #*(1)6.( :.--./( ,EE(9#-",0-(1)4#%&( )%+,%.( .5*.(

9,/*.(,EE()5*,(4%,9%()*(-".(U)/.-,(U/#%2#$5.'(9"#2"(9#55(:.()%)5+S.6(5)-./(,%7(

(

@<()D%&9&%6)0"$;%&3$)
Z.-(-"./.(:.(_($.,$5.(#%(,0/(*,2#.-+(#%6.D.6(:+(#v='77'_()%6()**01.(-")-(-"./.(#*(,%.(

2,1$,*#-.(&,,6'(2)55.6(G7(Z.-(Dv;D='77'D_A( /.$/.*.%-(-".( #%6#3#60)5(2,%*01$-#,%(,E( -".(

1)-./#)5(&,,6()%6(+(/.$/.*.%-(-".(f0)5#-+(,E(-".(.%3#/,%1.%-(9"#2"(#*()**01.6(-,(:.(

-".(*)1.(E,/()557(_,-.(-")-(-"#*(#*(3)5#6(E,/(-".(2)*.(,E(KRX(.1#**#,%*(9"#2"(#*()(&5,:)5(

$/,:5.1( :0-( %,-( -/0.( E,/( /.&#,%)5( $,550-)%-*( *02"( )*( !RD( )%6( ,#5( *$#55*( -")-( 0*0)55+(

)EE.2-()(*$.2#E#2()/.)C(",9.3./'(-"#*(#*(-/0.(E,/(-".(*0:*.-(,E(-".(H5,2)5(*,2#.-+I7([,5*-)6(

;XW==A( 6.E#%.*( -".( 0-#5#-+( ,/( 9.55M:.#%&( ,:-)#%.6( :+( #%6#3#60)5( 1& )*( b;G'+A7( R%.( 1)+(
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)**01.(-")-(-".(#%6#3#60)5(2)/.*(,%5+():,0-(-".(2,%*01$-#,%(,E(D#(:0-(-"./.(#*(%,(5,**(

,E(&.%./)5#-+(:+()**01#%&(-".($/.3#,0*7(G"#*(#*(:)*.6(,%()5-/0#*1(9"#2"(1.)%*(-")-(-".(

#%6#3#60)5( 2,%*#6./*( -".( ,-"./*( ;)%6( $,**#:5+( E0-0/.( &.%./)-#,%*A( 9".%( 1)4#%&(

6.2#*#,%*7(

(

L55(#%6#3#60)5*(")3.($/.E./.%2.(,%(-".(f0)%-#-+(,E(2,%*01$-#,%(9"#2"(#*(.D$/.**.6(:+(

-".#/(0-#5#-+(E0%2-#,%7(G")-(#*'(#E(-".(#%6#3#60)5($/.E./*()(-,(:'(-".%(UK(.+L&#*(&/.)-./(-")%(
UK;.+L?&G".(/.3./*.(#*()5*,(-/0.7(G"#*():,3.(2)%()5*,(:.(.D-.%6.6(E,/()(:0%65.(,E(&,,6*7(
(

G".( &/.)-.*-( 6#EE#205-+( #%( 9.5E)/.( .2,%,1#2*( #*( -")-( .2,%,1#2( H9.5E)/.I( #*( %,-( )%(

,:*./3):5.( 3)/#):5.( )%6'( -"./.E,/.'( -".( .2,%,1#2( 9.5E)/.( *-)-0*( ,E( )%( #%6#3#60)5( #*(

E,/1)55+( /.$/.*.%-.6( :+( "#*( ,/( "./( 0-#5#-+( 5.3.57( ^,9.3./'( ,%.( 2)%%,-( 1.)*0/.( -".(

2")%&.*(,E(9.5E)/.(#%(0-#5#-+7(G".()**,2#)-.6(1.)*0/.1.%-($/,:5.1(9)*()66/.**.6(:+(

^#24*( ;=>\VA( 9",( *0&&.*-.6( -")-( )5-./%)-#3.(1,%.+(1.)*0/.*( ,E( 9.5E)/.'( 9"#5.( %,-(

6#/.2-5+( /.5)-.6( -,( 0-#5#-+( &)#%*( )%6( 5,**.*'( 2)%( :.( &#3.%( 9#55#%&%.**M-,M$)+( ;gGUA(

#%-./$/.-)-#,%*(;^#24*'(=>Y@A7(O,/(.D)1$5.'(,%.(2,056(1.)*0/.(",9(102"(1,%.+(.)2"(

#%6#3#60)5( #*(9#55#%&( -,($)+( E,/( )( $)/-#205)/( $,5#2+( 2")%&.'(9"#2"(1)+(:.(%.&)-#3.( E,/(

*,1.( #%6#3#60)5*'( )%6( -".%( ,:*./3.( 9".-"./( -".( -,-)5( #*( $,*#-#3.( ,/( %.&)-#3.7( G".(

%,-#,%(,E(gGU()%6(-".()**,2#)-.6(2,1$.%*)-#,%(2/#-./#)()/.(4.+(2,%2.$-*()%6(E,/1(-".(

E,0%6)-#,%(,E()$$5#.6(9.5E)/.(.2,%,1#2*()%6'(#%(.D-.%*#,%'(,E(K,*-(<.%.E#-(L%)5+*#*7(

(

G,(-")-(.D-.%-'(9.5E)/.(.2,%,1#2*(#*(%,-():,0-(1,%.+C(#-(#*():,0-(#%6#3#60)5()%6(*,2#)5(

9.5E)/.7( Q,%.+( #*( 2.%-/)5( #%( E#%)%2#)5( )%)5+*#*( :0-( ,%5+( #%*-/01.%-)5( #%( .2,%,1#2(

)$$/)#*)5( *#%2.( 1,%.+( #*( P0*-( )( 2,11,%( 0%#-( -,( .D$/.**( -".( 2,*-*( )%6( :.%.E#-*7(

U/,:):5+(-".(1,%.-#S)-#,%(,E(-".(.EE.2-*(.*$.2#)55+(,E("01)%(".)5-"(#*(,%.(/.)*,%(E,/(

-".(2/#-#2#*1(,E(9.5E)/.(.2,%,1#2*7(

(

@<()53;&#9)E(94#1()0"$;%&3$)
<+( )%)5,&+'( -".( $/.E./.%2.*( ,E( -".( *,2#.-+( 2)%( :.( /.$/.*.%-.6( :+( )( *#1#5)/( 0-#5#-+(

E0%2-#,%7( G".( )**01$-#,%( -")-( -".( *,2#)5( 9.5E)/.( E0%2-#,%(T( #*( 6.-./1#%.6( :+( -".(

0-#5#-#.*( ,E( )55( #%6#3#60)5*( ")*( :..%( -".( 79%*(C+%0()& +0@18()& A$/09)(0+& :+( !)10.5*,%(

;=>\`A()%6( #*( -".(*,M2)55.6( (V+25/$%1(%&E+)7(2+&79%801$%&)E-./(L:/)1(<./&*,%(;=>V?A'(

9",(E#/*-(0*.6(#-7(N)/5+(*-06.%-*(,E(-".(0-#5#-)/#)%(*2",,5(;<.%-")1'(=>@=A(:.5#.3.6(-")-(

2")%&.*( #%( ")$$#%.**( *",056( *#1$5+( :.( )66.6( ,3./( #%6#3#60)5*7( G".( <.%-")1#-.(

E0%2-#,%(;)E-./(<.%-")1A(#*(-".(E,55,9#%&T(

gvb=hbXhwhb_(

(

(
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G"./.( #*( )( %01:./( ,E( .D)1$5.*( ,E( *,2#)5(9.5E)/.( E0%2-#,%7( L%,-"./( 3./+(9.55( 4%,9%(

E0%2-#,%(#*(:)*.6(,%(8)95*I*(;=>`=A(W@+$2:&$7&X9/018+&9"#2"($/.*.%-*(-".($/#%2#$5.(-")-(
-".($,5#2+(*",056(:.(.3)50)-.6(:+(-".(9.5E)/.(,E(-".(1,*-(1#*./):5.($./*,%(#%(*,2#.-+'(

9"#2"(#1$5#.*(-".()(*,2#)5(E0%2-#,%(;)5*,(4%,9%()*(-".(8)95*#)%A(#%(-".(E,55,9#%&(E,/1(T(

gv1#%;b='bX'w'b_A(

(F-( *",056(:.(%,-#2.6( -")-( -"./.( #*(%,(&.%./)55+()22.$-):5.(,/(,:P.2-#3.(9)+( -,(1)4.(

#%-./$./*,%)5( 2,1$)/#*,%*( ,E( 0-#5#-+( )%6'( -"./.E,/.'( %,( 2,11,%5+( )22.$-.6( *,2#)5(

9.5E)/.(E0%2-#,%(.D#*-*7(

)
8F%1#G2(94#1&+/(

F%()%(.D-.%*#,%(,E(9.5E)/#*1'(.D-/)M9.5E)/#*-*(;.7&7(K05+./'(=>>=A()/&0.(-")-(0-#5#-+(#*(%,-(

-".(,%5+(/.5.3)%-()/&01.%-'(,/(#%6..6(.3.%(-".(1,*-(#1$,/-)%-()/&01.%-'(#%(-".(*,2#)5(

9.5E)/.(E0%2-#,%7(O,/(.D)1$5.'(!.%(;=>?WA(#*()/&0#%&(-")-()(E,20*(,%(#%6#3#60)5(0-#5#-+(#*(

-,,(%)//,9()%6(,0&"-( -,(:.(/.$5)2.6(:+(6(&;2$(*+2&A+2/A+801=+& 0$& 0(3+& 1%0$&(88$9%0&
0@+& B9()10:& $7& 901)10:& (%*& $7& A+$A)+-/& 8(A(;1)101+/& 2(0@+2& 0@(%& +#8)9/1=+):& $7& 0@+&
+C$01$%()&2+(801$%&K1?+?&901)10:L&$7&1%*1=1*9()/&0$&0@+&A$//+//1$%&$7&5$$*/&$2&8(A(;1)101+/>(
;</,09./(.-()57'(XWW?A7(

(

KNL'( 5#4.( K<L'( 3)50.*( )55( #1$)2-*( ;H2,*-*IA( #%( 6,55)/( -./1*'( ,/( )-( 5.)*-( -/#.*( -,C( :0-( #-(

3)50.*( -".( 1)P,/( .EE.2-( ;E7.( ".)5-"( #1$)2-*A( ,%( *,1.( %,%M1,%.-)/+( H.EE.2-#3.%.**I(

*2)5.7(G".(f0.*-#,%(,E(1,%.-#S#%&(,/(%,-( -".(.EE.2-( #*(,E-.%(*..%( #%( -".(".)5-"($,5#2+(

5#-./)-0/.( )*( )( 2",#2.( :.-9..%( H9.5E)/#*1I( )%6( H.D-/)9.5E)/#*1I7( g.5E)/#*1( E)3,0/*(

K<L'( .D-/)M9.5E)/#*1( E)3,0/*( KNL( ]( ,/( *,( #-( #*( ,E-.%( )**01.67( G"#*( )**01$-#,%( #*(

$/,:):5+(1#*-)4.%(:0-( #-( #*( -/0.( -")-(KNL( *",056(:.( *..%(:+(.D-/)M9.5E)/#*-*( )*( 5#--5.(

:.--./(-")%(K<L7(G,()6.f0)-.5+(6.3.5,$(-".($,#%-'(9.(9,056(%..6(-,(&.-(25.)/():,0-(

-".( 2,%-.%-( ,E( .D-/)M9.5E)/#*1'( 9"#2"( #*'( ",9.3./'( ,0-( ,E( -".( *2,$.( ,E( -"#*( 9,/47(

</,09./(.-()57(;XWW?A(#*()(&,,6(/.)6#%&(E,/(-",*.(#%-./.*-#%&(#%(-".(-,$#27((

(

F%( *",/-'( #-( #*( $/,:):5+( -/0.( -")-( K<L( ")*( )( *-/,%&( 0%6./5+#%&( :)*#*( #*( %.,M25)**#2)5(

.2,%,1#2(-".,/+C(*-/,%&./(-")%(-".(:)*#*(,E(KNL(9"#2"(#*(,E-.%(*..%(-,(:.(/)-"./(9..47(

O,/( -".( .2,%,1#2( E,0%6)-#,%*( ,E( KNL( -".( /.)6./( #*( /.E.//.6( -,( </,09./( )%6(

[,,$1)%*2")$(;XWW?A7(((

(

53;&#9)A<3&;()-(;<#$&+/+)
_,9'(&#3.%(*02"()( *,2#)5( E0%2-#,%(,%.(1)+( E..5( -")-( -"./.( #*()%( #6.)5(9)+(,E(1)4#%&(

*,2#)5( 2",#2.*7( ( F-(1)+( *0/$/#*.( -",*.( -")-( )/.( %,-( E)1#5#)/(9#-"( -".( -".,/+( ,E( !,2#)5(

K",#2.( -")%( [.%%.-"( L//,9( ;=>Y=A( $/.*.%-.6( -".( *,M2)55.6( Y22$E-/& FCA$//1;1)10:&
W@+$2:&9"#2"'( 0%E,/-0%)-.5+'( 6.1,%*-/)-.*( -")-( #-( #*( .D-/.1.5+( 6#EE#205-( -,( 6./#3.( )(

2,1$5.-.( )%6( 2,%*#*-.%-( 2",#2.( /05.( .D250*#3.5+( E/,1( #%6#3#60)5( $/.E./.%2.*7( ( G"#*(
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#1$5#.*'( E,/( .D)1$5.'( -")-( %,( 3,-#%&( *+*-.1( 2)%( 2,%3./-( -".( /)%4.6( $/.E./.%2.*( ,E(

#%6#3#60)5*( #%-,()(2,1$5.-.()%6(-/)%*#-#3.(/)%4#%&(9"#5.()5*,(1..-#%&()(2./-)#%(*.-(,E(

2/#-./#)( ;#%2506#%&( -".( U)/.-,( .EE#2#.%2+( )%6( %,%M6#2-)-,/*"#$A7( !,'( #E( 9.( 2)%%,-( 0*.(

#%6#3#60)5($/.E./.%2.*(-,(6./#3.()(*,2#)5(/)%4#%&'(9")-()/.(-".%(-".(*.2,%6M:.*-(2",#2.(

/05.*k((

*

J#5E/.6,( U)/.-,( ;=?>@A( #%-/,602.6( )( 9.5E)/.( 2/#-./#,%'( -".( U)/.-,( ,$-#101'( 9"#2"(

:.2)1.( )( E,0%6)-#,%)5( 2,%2.$-( #%(9.5E)/.( -".,/+7( L55,2)-#,%*( )/.( *)#6( -,( :.( U)/.-,(

,$-#1)5( #E(6%$&$0@+2& 7+(/1;)+&())$8(01$%&8$9)*&;+%+710&(0& )+(/0&$%+&A+2/$%&E10@$90&(%:&
*+)+0+21$9/&+77+80/&$%&/$C+&$0@+2&A+2/$%?>&
L55,2)-#,%*(-")-(6,(%,-(*)-#*E+(-"#*(6.E#%#-#,%()/.(*0:,$-#1)5(*02"()*((-")-(*,1.($.,$5.(

2)%( &)#%( %.-( :.%.E#-*( 9#-",0-( -".( /.)//)%&.1.%-( 2)0*#%&( )%+,%.( .5*.( -,( 5,*.( %.-(

:.%.E#-*7( F%( -")-( 2)*.( &)#%./*( 2,056( 0*.( )( $,/-#,%( ,E( -".#/( &)#%*( -,( 2,1$.%*)-.( -".(

5,*./*( *0EE#2#.%-5+( -,( .%*0/.( -".+(9./.( )-( 5.)*-( )*(9.55( ,EE( )*( -".+(9./.( $/#,/( -,( -".(

/.)55,2)-#,%7(F-(#*(,:3#,0*(-")-(3./+(E.9($,5#2#.*(")3.(%,(5,*./*7(

(

G"./.E,/.'([)56,/(;=>V>'A(*0&&.*-.6(-")-(9"./.()($,5#2+(5.6(-,()%(#%2/.)*.(#%()&&/.&)-.(

/.)5( #%2,1.( #-(9)*(6.*#/):5.(:.2)0*.( #%( *02"(2)*.*(610& 1/&A$//1;)+& 0$&C(3+&+=+2:;$*:&
;+00+2&$77&0@(%&;+7$2+.&$2&(0&(%:&2(0+&0$&C(3+&/$C+&A+$A)+&;+00+2&$77&E10@$90&C(31%5&
(%:;$*:&E$2/+&$77?>&
(

G"0*'( -".(.D$5#2#-(6.2#*#,%( /05.(9#-"#%(K<L( #*(:)*.6(,%(9")-( #*( 4%,9%()*( -".([)56,/M

^#24*( 2/#-./#,%( ;)5*,( 2)55.6( -".( $,-.%-#)5( U)/.-,( #1$/,3.1.%-A( T( 6Y& A$)18:& /@$9)*& ;+&
(*$A0+*&17&(%*&$%):&17&0@$/+&&E@$&E1))&5(1%&8$9)*&79)):&8$CA+%/(0+&0@$/+&E@$&E1))&)$/+&
(%*& /01))& ;+& ;+00+2& $77>& ;<,)/61)%( .-( )57'( XWW=A7( F%( -".,/+( -"./.( %..6*( -,( :.( %,(

2,1$.%*)-#,%'(-".(2,1$.%*)-#,%(#*("+$,-".-#2)57(^,9.3./'(#E(5,*./*()/.(2,1$.%*)-.6(

-"#*(9#55(/.*05-(#%()(U)/.-,(#1$/,3.1.%-7(G"./.E,/.'([)56,/M^#24*(2/#-./#,%($/,3#6.*(-".(

:)*#*( E,/( -".( K<L( /05.(9"#2"( 6.1)%6*( -")-( -".( /.&05)-,/( )6,$-*( -",*.( $,5#2#.*( -")-(

")3.($,*#-#3.(%.-(:.%.E#-*(;<,)/61)%(.-()57'(XW=WC(6.(80*'(XW=WA7(

(

8H"&%6)#$7)7&+%1&I"%&3$#9)(44(;%+)
N3./+( .2,%,1#2( $/,2.**( *",056( :.( 2,%*#6./.6( #%( -9,( *.$)/)-.( 5#&"-*( ;)A( -".(,$-#1)5(

f0)%-#-+( ,E( $/,602-#,%( )%6( ;:A( 9",( &.-*( -".( :.%.E#-*'( ,/( -".( p6#*-/#:0-#,%p7( L51,*-(

9#-",0-(.D2.$-#,%'(-".(&/.)-(9,/4*(#%(.2,%,1#2*(")3.(E,20*.6(,%(-".*.()*$.2-*(,E(-".(

,$./)-#,%( ,E( -".( .2,%,1+( 9"#2"( )/.( ,E-.%( -./1.6( )*( H.EE#2#.%2+I( )%6( H.f0#-+I'(

/.*$.2-#3.5+7(N2,%,1#2(.EE#2#.%2+(;9"#2"(9#55(:.()%)5+S.6(#%(-".(%.D-(!.2-#,%A")*(-,(6,(

9#-"( $/,602#%&( )%6( E)2#5#-)-#%&( )*( 102"( 2,%*01$-#,%( )*( $,**#:5.( 9#-"( )3)#5):5.(

/.*,0/2.*'(9"./.)*(+B910:&")*(-,(6,(9#-"(",9(.f0#-):5+(&,,6*()/.(6#*-/#:0-.6()1,%&(

#%6#3#60)5*7(
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Nf0#-+(")*(-,(6,(9#-"(-".(E)2-(-")-(#-(#*(,E-.%()**01.6(-")-(#%6#3#60)5*(")3.(2,1$)/):5.(

0-#5#-+( )%6( -")-( -".( 1)/&#%)5( 0-#5#-+( ,E( 1,%.+( #*( ;)51,*-A( 2,%*-)%-7( F%( -"#*( 1.)%#%&'(

.f0#-+( #*( *,1.9")-(6#EE./.%-( -")%(.f0)5#-+( )%6( #*( -)4.%( -,(1.)%( -")-( -"./.( #*( *,1.(

E)#/%.**(,%(-".(6#*-/#:0-#,%(,E(:.%.E#-*()%6(2,*-*7(G,(-")-(.D-.%-'(.f0#-+( #*()($/,:):5+(

1,/.()($/,:5.1(E,/(-".(1,/)5($"#5,*,$"./(;)%6(6.E#%#-.5+(-".(6.2#*#,%(1)4./A(/)-"./(

-")%( -".( .2,%,1#2*( ,/( -".( .%&#%../( 9",( $./E,/1*( )( K<L7( _,-.'( -")-( #-( #*( %,-(

*-/)#&"-E,/9)/6(-,(6,(-".(*)1.(9#-"#%(KNL7(

(

F%( -".( $)*-'( .f0#-+( ")*( :..%( #&%,/.6( #%( 6.2#*#,%M1)4#%&( $/,2.**'( *,1.-#1.*( #%( )%(

)--.1$-(-,(&#3.()%(,:P.2-#3.()63#2.7(^,9.3./'(-"#*(#*()(3./+(#1$,/-)%-(#**0.'(9"#2"(")*(

-,( :.( )66/.**.6'( :0-( -"./.( #*( %,( *-/)#&"-E,/9)/6( 9)+( -,( 6,( #-( 9#-"#%( K,*-( <.%.E#-(

L%)5+*#*7( ( G)4.( E,/( .D)1$5.( -".( 2)*.( ,E( )%( ,#5( $,550-#,%( 9"./.( -".( *"#$M,9%./( #*(

/.*$,%*#:5.( E,/( -".( 6)1)&.( -,( -".( *,2#.-+( )%6( 9.( ")3.( -,( )66/.**( )( /.5)-.6( /#*4(

/.602-#,%( /.&05)-#,%7( !",056( 9.( #%2506.( -".( $/,$./-+( 2,*-( ,E( -".( 5,*-( ,#5( #%( -".(

6)1)&.*(;)%6'(-"0*'(-".(:.%.E#-(,E()3./-#%&A(,E(*02"()%(,#5(*$#55k(!,1.($.,$5.(1)+(*)+(

-")-(-".($,550-./(#*(-".(H2/#1#%)5I()%6(#-(*",056(:.(,%5+(-".(6)1)&.(-,(-".(*,2#.-+(-")-(

2,0%-*7(R/( -)4.( E,/( .D)1$5.( )( $/,P.2-( -")-( )EE.2-*( :,-"( 2"#56/.%( ;)%6( +,0%&($.,$5.A(

)%6()605-*7(U/,:):5+(-".(2)52050*(,E(9#55#%&%.**(-,($)+(;,/(9#55#%&%.**(-,()22.$-A(E,/(/#*4(

/.602-#,%*( 2)%%,-( :.( -".( *)1.( :.2)0*.( 2"#56/.%( 1)+( ")3.( %,( #%2,1.( -,( )55,2)-.(

:.-9..%( &,,6*7( !#1#5)/5+'( K<L( /#*4*( 0%6./M9.#&"#%&( -".( #%-./.*-*( ,E( -".( $,,/( ;,/'(

*,1.-#1.*'(,3./M9.#&"#%&(-".1A(*#1$5+(:.2)0*.(-".(0-#5#-+(,E(1,%.+(#*(&/.)-./(E,/(-".(

$,,/7((

(

F%6..6(1)%+()&.%2#.*()/.(%,9(/.f0#/.6(-,(2,%*#6./(-".(6#*-/#:0-#,%)5(#1$)2-*(,E(2,*-*(

)%6(:.%.E#-*( )*( $)/-( ,E( )%( .2,%,1#2( )%)5+*#*C( .7&'( -".(b7!7( NUL( ;XW=WA( &0#6.5#%.*( ,%(

6#*-/#:0-#,%)5(#**0.*(#%(K")$-./(=W(,E(-".(na0#6.5#%.*(E,/(U/.$)/#%&(N2,%,1#2(L%)5+*#*7o(

L22,/6#%&(-,(-".(NUL'(6#*-/#:0-#,%)5()%)5+*#*()**.**.*(-".(#1$)2-(,E(/.&05)-#,%*()2/,**(

6#EE./.%-(*0:$,$05)-#,%*7(L5-",0&"(-"./.(.D#*-*(%,(E,/1)5(&0#6)%2.(0%-#5(%,9'(-".(NUL(

a0#6.5#%.*(1.%-#,%(-".(%..6(-,(2,%-)2-(6#*-/#:0-#,%)5()%)5+*.*7(B#*-/#:0-#,%)5()%)5+*#*(

#*(.#-"./()%(.2,%,1#2(#1$)2-()%)5+*#*(,/()%(.f0#-+()%)5+*#*7(N2,%,1#2(#1$)2-()%)5+*#*(

E,20*.*( ,%( -".( 6.-./1#%)-#,%( ,E( 9",( &)#%*( )%6( 9",( 5,*.*( E/,1( )( &#3.%( $,5#2+( )%6(

.f0#-+( )%)5+*#*( .D)1#%.*( #1$)2-*( ,%( 6#*)63)%-)&.6( &/,0$*( ;.7&7( 1#%,/#-+( )%6( 5,9M

#%2,1.(&/,0$*A(,/(*0:$,$05)-#,%*(;.7&7(-/#:)5($,$05)-#,%*A7((

(

R%( -".( ,-"./( ")%6'( #%( -".( b%#-.6( [#%&6,1'( L$$.%6#D( Y( ,E( -".( pa/..%( <,,4p( ;^Q(

G/.)*0/+(&0#6)%2.(E,/(K.%-/)5(a,3./%1.%-A(($/,$,*.*(-".(0*.(,E(6#*-/#:0-#,%)5(9.#&"-*(

:)*.6( ,%( -".( #%6#3#60)5r*( /.5)-#3.( $/,*$./#-+( ;E7.( #%2,1.A( -,( )6P0*-( .D$5#2#-5+( E,/(

6#*-/#:0-#,%)5( #1$)2-*7( G,( -")-( .D-.%-'( :.%.E#-*( )22/0#%&( -,( #%6#3#60)5*( #%( )( 5,9./(

f0)%-#5.( 9,056( :.( 9.#&"-.6( 1,/.( ".)3#5+( -")%( -",*.( -")-( )22/0.( -,( #%6#3#60)5*( #%(
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"#&"./( f0)%-#5.*( )%6'( *#1#5)/5+'( -".( 2,*-*( 9,056( :.( 9.#&"-.6( 1,/.( ".)3#5+( E,/(

#%6#3#60)5*( #%( 5,9./( f0)%-#5.*7( ^,9.3./'( #-( #*( %,-#2.6( -")-( -"#*( 1)+( :.( 2,%-/)/+( -,(

6#*2/#1#%)-#,%(5)9*()%6(-"#*(#*()5*,()%(#**0.(-,(:.(-)4.%(#%-,()22,0%-7(

 
G,(2,%2506.'(9.(*-/.**(,0-( -")-(K<L(*",056(*-)/-(:+( #6.%-#E+#%&(-".(&/,0$*(,%(9",1(

-".(2,*-*()%6(:.%.E#-*(,E(-".()2-#,%(9#55(E)55()%6(-".(E)#/%.**()1,%&(&)#%./*()%6(5,*./*(

*",056(:.( -",/,0&"5+()66/.**.67(K5.)/5+'( -"#*( #**0.(*",056(:.()66/.**.6(1,/.( #%( /#*4(

)**.**1.%-( )%6( K<L7( G".( /.)6./( #*( /.E.//.6( -,( Z,,1#*( ;XW==A( 9",( ,0-5#%.*( *.3./)5(

)$$/,)2".*(E,/(#%2,/$,/)-#%&(6#*-/#:0-#,%()%6(.f0#-+(#%-,(:.%.E#-]2,*-()%)5+*#*7(

(

2.2 Efficiency: The optimal level of safety, health and 
environmental protection 

K/#-./#)(E,/(.3)50)-#%&($,5#2#.*()/.(:)*.6(,%(-".#/():#5#-+(-,()2"#.3.(.EE#2#.%-()%6(2,*-M

.EE.2-#3.( /#*4( /.602-#,%*7( HNEE#2#.%2+I( #*( -".( :)5)%2.( :.-9..%( ):)-.1.%-( 2,*-*( )%6(

6)1)&.*( ;O#.56'( XWWVA7(>$)(44&;&($%)B39&;6) &+) 3$() %<#%)/3'(+) %<() +3;&(%6) %3J) 31)
$(#1) %3J) %<() B3&$%)2<(1()/#1.&$#9) #I#%(/($%) ;3+%+) #$7)/#1.&$#9) 7#/#.(+)
#1() (H"#9K) @<#%) &+) %<() 9('(9) 34) %<() 3B%&/#9) 7#/#.(7( !#%2.( -")-( .%3#/,%1.%-)5(

6)1)&.*(2)%%,-(:.(1.)*0/.6()220/)-.5+'( -".(2,*-M.EE.2-#3.%.**(2/#-./#,%( #*( -".(1,*-(

0*.E05( -,( :.( .1$5,+.67( L*( 6.*2/#:.6( #%( O#.56( ;XWWVA'( )( $,5#2+( #*( 2,*-M.EE.2-#3.( #E( 610&
A2$*98+/& 0@+&C(#1C9C&+%=12$%C+%0()& 1CA2$=+C+%0& A$//1;)+& 7$2& 0@+& 2+/$928+/& ;+1%5&
+#A+%*+*&$2.&+B91=()+%0):.& 10&(8@1+=+/&(&51=+%&(C$9%0&$7&+%=12$%C+%0()& 1CA2$=+C+%0&
(0&0@+&)+(/0&A$//1;)+&8$/0>7((
(

F-(#*(#1$,/-)%-(-,(.5):,/)-.()(5#--5.(1,/.7(a.%./)55+'(-".(1)/&#%)5(6)1)&.(2)0*.6(:+()(

0%#-( ,E( $,550-#,%( #%2/.)*.*( 9#-"( -".( )1,0%-( .1#--.67( G"#*( 1.)%*( -")-( 9".%( *1)55(

)1,0%-*(,E(-".($,550-)%-()/.(.1#--.6'(-".(#%2/.1.%-)5(6)1)&.(#*(f0#-.(*1)55()%6(9".%(

-".*.()1,0%-*(:.2,1.(5)/&./(-".(1)/&#%)5(0%#-(2)%(2)0*.(1,/.(6)1)&.7(G"#*(#*(.)*+(

-,(0%6./*-)%6'(E,/(.D)1$5.'(#%(-".(2)*.(,E(,#5($,550-#,%(*#%2.(-".(,2.)%(2)%(-,5./)-.(;#7.(

6#**,53.A(*1)55(f0)%-#-#.*(,E(,#57(R%(-".(,-"./(")%6'(1)/&#%)5(2,%-/,5(2,*-*(2,11,%5+(

#%2/.)*.(9#-"(-".()1,0%-(2,%-/,55.6(*#%2.(#-(:.2,1.*(1,/.()%6(1,/.(2,*-5+(-,(/.1,3.(

.)2"(.D-/)(0%#-()66.67(
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(
Z15?&PRNM&F))9/02(01$%&$7&+77181+%0&())$8(01$%&&R&[$928+M&W1+0+%;+25&KP\NNL&

(

O#&0/.( XM=( ;:)*.6( ,%( G#.-.%:./&'( XW==A( #550*-/)-.*( -".( -+$#2)5( *")$.( ,E( -".( /.5.3)%-(

20/3.*7( F%( -".():*.%2.(,E(.D-./%)5#-#.*()%6(,-"./(1)/4.-( E)#50/.*( ;:/#.E5+(6#*20**.6( #%(

!.2-#,%(X7X7VA'( -".(.EE#2#.%-()55,2)-#,%(9"#2"( #*( /.$/.*.%-.6(:+(cx(,220/*($/.2#*.5+()-(

-".($,#%-()-(9"#2"(-".(6)1)&.(2)0*.6(:+(-".(1)/&#%)5(0%#-(,E($,550-#,%(#*(.D)2-5+(.f0)5(

-,( -".(1)/&#%)5( 2,*-(,E()3,#6#%&( #-7(L-( -"#*($,#%-'( -,-)5(6)1)&.*()/.(%,-(.f0)5( -,( -".(

-,-)5( :.%.E#-( ;#7.( -".( 2,*-( ,E( )3,#6#%&( -".( 6)1)&.A7( F-( #*( ,:3#,0*( -")-( -".( $/.3#,0*(

E,/105)-#,%(#*(.f0#3)5.%-(-,(-".(%.-(:.%.E#-(E,/105)-#,%7(!#%2.(-".(:.%.E#-(.f0)5*(-".(

/.602-#,%(#%(6)1)&.'()%,-"./(9)+(,E(*-)-#%&(-".($/.3#,0*($/,$,*#-#,%(#*(-")-(1)/&#%)5(

:.%.E#-(10*-(.f0)5(1)/&#%)5( 2,*-7( G")-( #*'( ,E( 2,0/*.'( -".( 2)*.(9".%(%.-(:.%.E#-*( )/.(

1)D#1#S.67(

&

F%( )66#-#,%'( *#%2.( -".( %.-( :.%.E#-*( )/.(1)D#1#S.6( :+( )%( .EE#2#.%-( )55,2)-#,%'( #-( #*( %,-(

$,**#:5.(-,(#%2/.)*.(-".(%.-(:.%.E#-(:+(/.)//)%&#%&(-".()55,2)-#,%7(g#-",0-()%(#%2/.)*.(

#%(-".(%.-(:.%.E#-'(#-(#*(#1$,**#:5.(E,/(-".(&)#%./*(-,(2,1$.%*)-.(-".(5,*./*(*0EE#2#.%-5+C(

-".(&)#%*(-,(-".(&)#%./*(9,056(%.2.**)/#5+(:.(*1)55./(-")%(-".(5,**.*(-,(-".(5,*./*7(G"#*(

1.)%*(-")-(.EE#2#.%-()55,2)-#,%*()/.()5*,(U)/.-,(,$-#1)57((

(

L*(O#&7(XM=( *0&&.*-*(0%6./( -".(2,%6#-#,%*($/.*.%-.6'( -".(,$-#1)5( 5.3.5(,E($,550-#,%( #*(

%,-( S./,7( G"#*( #*( )5*,( -/0.( E,/( -".( ,$-#1)5( 5.3.5( ,E( )%+( 4#%6( ,E( /#*4'( #%2506#%&( /#*4( -,(

"01)%(".)5-"()%6(5#E.7(G".(.D#*-.%2.(,E()(/#*4(6,.*(%,-(#%(&.%./)5( #1$5+(-".(%..6(E,/(

/.&05)-,/+()2-#,%7(O,/(#%*-)%2.'($.,$5.(2)%(:.(2,1$.%*)-.6(-,(*-)%6(*02"()(/#*47((F%(-".(

2)*.(,E(P,:(*)E.-+'($./2.#3.6(/#*4*(,E(")S)/6*(5.)6(-,(2,1$.%*)-#%&(6#EE./.%-#)5*(E,/(-"#*(

/#*4()%6(9,/4./*( /.2.#3.(9)&.(2,1$.%*)-#,%(*0EE#2#.%-( -,(1)4.(-".1(9#55#%&( -,(:.)/(

-".(/.5.3)%-(/#*4(;J#*20*#'(=>>VA7(R:3#,0*5+(#%(-"#*(#6.)5(1)/4.-'(-".(&/.)-./(-".(/#*4(-".(

&/.)-./( -".( 2,1$.%*)-#,%( /.2.#3.67( G")-( 1.)%*'( -".( 9)&.( ,E( )( 1)*-./( #%( )%( Z_a(

2)//#./(*",056(:.(&/.)-./(-")%(-")-(,E()(1)*-./(#%()(&.%./)5(2)/&,()%6(102"(5.**7(G"#*(#*(
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/.5)-.6( -,( -".( $/.3#,0*( 6#*20**#,%( ,%( -".( )22.$-):5.( /#*47( G".( 5.3.5( ,E( /#*4( -")-( #*(

)22.$-):5.(E,/()(2/.9(1.1:./(#*("#&"./(-")%(-".()22.$-):5.(/#*4(E,/()($)**.%&./'(P0*-(

:.2)0*.( -".($)**.%&./( #*(%,-(2,1$.%*)-.6( E,/()22.$-#%&( -".(.D-/)( /#*47(!,'( #%()( E055+(

E0%2-#,%#%&( 1)/4.-'( 9,/4./*( /.2.#3.( 9)&.( 2,1$.%*)-#,%( -")-( #*( *0EE#2#.%-( -,( 1)4.(

-".1( 9#55#%&( -,( :.)/( -".( /#*4C( 9"#2"( #*( ",9( p0@+& @+()0@& 21/3& 1/& 1%0+2%()1,+*& 1%0$& 0@+&
C(23+0&*+81/1$%D(;JF*20*#'XWWXA7(
(

G".( #6.)( ,E( )%( ,$-#1)5'( %,%MS./,'( 5.3.5( ,E( $,550-#,%( ,/( "01)%( 6)1)&.( 1)+( *,0%6(

#%6..6( *-/)%&.'( )%6( 0%.-"#2)5'( -,( 1,*-( $.,$5.7( R:3#,0*5+'( #%( .%3#/,%1.%-)5(

.2,%,1#2*'( -".( %,-#,%( ,E( ,$-#1)5( 5.3.5( ,E( $,550-#,%( #*( 2.%-/)5( )%6( #%6..6( %,-( -")-(

*-/)%&.()5-",0&"(-"./.()/.(*-#55($.,$5.(-")-(1)+(-"#%&(-")-()%+-"#%&(:0-(S./,($,550-#,%(

#*(0%.-"#2)57(LE-./()55'( #E( +,0(*-#55( E#%6( -")-( -".(,$-#1)5( 5.3.5(,E(6)1)&.( -,("01)%( 5#E.(

:.#%&(%,-( S./,(6#*-0/:#%&'( /.1.1:./( -")-( +,0($/,:):5+( 2,%E/,%-( -"#*($/#%2#$5.(.3./+(

*#%&5.( 6)+7( G)4.( -".( 6)1)&.( 2)0*.6( :+( )0-,1,:#5.( )22#6.%-*'( E,/( .D)1$5.7( L( 5,-( ,E(

$.,$5.(6#.(;9,/569#6.(.3./+(6)+A'(+.-(9.(6,(%,-(/.602.(-")-(6)1)&.(-,(S./,(:.2)0*.(

-".( 2,*-( ,E( 6,#%&( *,( 9,056( :.( -,,( "#&"7( L%6( 9.( 6,( 4%,9( ",9( -,( )3,#6( )55( *02"(

)22#6.%-*T(9.(.5#1#%)-.(2)/*y(<0-(-"#*(#*(,:3#,0*5+(%,-(9")-(*,2#.-+(9)%-*7(

F%( -".( E,55,9#%&( *.2-#,%*'(9.(:/#.E5+( )%)5+S.( ",9( -".( ):,3.( /)-#,%)5.( 2)%( )$$5#.6( #%(

".)5-"()%6(*)E.-+(:0-()5*,(-,(-".(.%3#/,%1.%-()%6(9.($/.*.%-(*,1.(#%-./.*-#%&(#**0.*(

*02"( )*( -".( 3)50.( ,E( $/.3.%-#%&( E)-)5#-#.*( )%6( $,550-#,%'( -".( 5#1#-.6( 2,1$.%*)-#,%(

5#):#5#-+()%6(-".(%,-#,%(,E(n.D-./%)5#-+o7((

2.2.1 Optimal level of ‘risk’ to humans 
J#*20*#( ;=>>VA( 6#*20**.*( -".( E0%6)1.%-)5( .2,%,1#2( )$$/,)2"( -,( 9,/4./( *)E.-+( )*(

*4.-2".6(:+(L6)1(!1#-"(9#-"#%(-".(K,1$.%*)-#%&(g)&.(B#EE./.%-#)5(G".,/+'(:+(*-)-#%&(

-")-( #-( #*( $/#1)/#5+( -".( /#*4M6,55)/( -/)6.M,EE*( ,E( -".( 9,/4./*( -")-( 9#55( 6.-./1#%.( -".(

*)E.-+( 6.2#*#,%( :+( -".( E#/17( O,/( -".( 2,1$.%*)-#%&( 6#EE./.%-#)5( 1,6.5( -,( :.( )$$5#.6(

9,/4./*(*",056(:.()9)/.(,E(-".(/.5.3)%-(/#*4(-".+(E)2.()%6(:.():5.(-,(1)4.(*,0%6()%6(

/)-#,%)5(6.2#*#,%*(:)*.6(,%( -"#*( 4%,95.6&.7( G,( -")-(.D-.%-'( O#&0/.(XMX( #550*-/)-.*( -".(

1)/&#%)5( 3)50.( ,E( -".( *)E.-+( 20/3.( 9"#2"( #*( )( 6,9%M*5,$#%&( 20/3.( *#%2.( -".( #%#-#)5(

#%2/.1.%-*(E,/(*)E.-+(")3.(-".(&/.)-.*-(3)50.()*(,-"./(-+$.*(,E(p.2,%,1#2(&,,6*p7(R%(

-".(,-"./(")%6'(-".(E#/1(2)%($/,3#6.(#%2/.)*.6(*)E.-+(:0-(#%()%(#%2/.)*#%&(#%2/.1.%-)5(

2,*-( )%6( ,:3#,0*5+( -"#*( 2,*-( &,.*( -,( #%E#%#-.( -,( $/,3#6.( )( %.)/5+( /#*4ME/..( 9,/4(

.%3#/,%1.%-7( F-( #*'(-".%'(-".($/#2.(,E(*)E.-+(*.-(:+(-".(9,/4./*(-")-(6.-./1#%.(9"./.(

)5,%&(-"#*(1)/&#%)5(2,*-(20/3.(-".(E#/1(9#55(*-,$(#%*-)55#%&(.f0#$1.%-(-,(/.602.(*)E.-+(

/#*47((
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(
O#&7(XMXTB.-./1#%)-#,%(,E(R$-#1)5(Z.3.5(,E(!)E.-+(](!,0/2.T(J#*20*#(;=>>VA(

(

L-( -"#*( ,$-#1)5( 5.3.5( ,E( *)E.-+( *x'( 9,/4./*( 9,056( ")3.( :..%( 9#55#%&( -,( $)+( uJ( $./(

.D$.2-.6()22#6.%-( #%(,/6./( -,()3,#6( *02"( /#*47( F%()($./E.2-(1)/4.-( -"#*(9#55#%&%.**( -,(

$)+(-,()3,#6(*02"(.D$.2-.6()22#6.%-*(*",056(:.(.f0)5(-,(-".()1,0%-(,E(1,%.+(-")-(-".(

9,/4./*()/.(9#55#%&( -,()22.$-( -,(:.)/( -".(/.5.3)%-( /#*47(g.(1)+(2)55( -"#*( -".($./(0%#-(

n$/#2.o(,E("01)%(*)E.-+7(G"#*( #*(,%.(,E( -".(3)50.*( -")-( 2)%(:.(0*.6()*( -".(nJ)50.(,E(

!-)-#*-#2)5(Z#E.o()5*,(2)55.6(-".(nJ)50.(-,(U/.3.%-()(O)-)5#-+o(,/(1,/.(/.2.%-5+(-".(nJ)50.(

,E(Q,/-)5#-+(8#*4o7(G"#*(#**0.(9#55(:.(6#*20**.6(#%(K")$-./(V7(

_,-.'( -")-( "./.( #*( *0:*-)%-#)5( 5#-./)-0/.( .3)50)-#%&( -/)6.,EE*( :.-9..%( 1,%.+( )%6(

E)-)5#-+( /#*4*7(G".*.(3)50.*( #%( -0/%(*./3.()*(.*-#1)-.*(,E( -".(3)50.(,E()( *-)-#*-#2)5( 5#E.'(

9")-(#*()5*,(4%,9%()*(-".(5):,/(1)/4.-(.*-#1)-.*(,E(-".(rJ)50.(,E(Z#E.r7(J#*20*#()%6(L56+(

;XWWXA(/.3#.9(1,/.(-")%(@W(*-06#.*(,E(1,/-)5#-+(/#*4($/.1#01*(E/,1(-.%(2,0%-/#.*()%6(

)$$/,D#1)-.5+(\W( *-06#.*( -")-($/.*.%-(.*-#1)-.*(,E( #%P0/+( /#*4($/.1#01*7(LE-./( )55'( #-(

9)*( L6)1( !1#-"( ;=``@A( 9",( %,-.6( #%( HG".(g.)5-"( ,E( _)-#,%*I( -")-T( 6W@+&E(5+/& $7&
)(;$92&=(2:&E10@&0@+&+(/+&$2&@(2*/@1A.&0@+&8)+(%)1%+//&$2&*1201%+//.&0@+&@$%$92(;)+%+//&
$2&*1/@$%$92(;)+%+//&$7&0@+&+CA)$:C+%0>(;$7(==XA7((
(

F-( *",056( :.( *-/.**.6( ,0-( -")-( -"#*( 2,%2.$-0)5#S)-#,%(9"#2"( #*( *-)%6)/6( #%( .2,%,1#2(

-".,/+(1)+(:.()$$5#.6(%,-(,%5+(E,/( #%6#3#60)5*()%6(E#/1*(:0-()5*,(E,/(-".(*,2#.-+()*()(

9",5.7( ( G"#*( 2,%2.$-0)5#S)-#,%'( 9"#2"( #*( *-)%6)/6( #%( $0:5#2( 9.5E)/.( .2,%,1#2*'( 2)%(

$/,3#6.( -".( *,2#)5( ,$-#101( 5.3.5( ,E( *)E.-+( )-( -".($,#%-( )-(9"#2"( -".(1)/&#%)5( 0-#5#-+(

)**,2#)-.6( 9#-"( -".( :.%.E#-*( ,E( /.&05)-#,%*( -,( /.602.( "01)%( /#*4( #*( .f0)5( -,( -".(

1)/&#%)5(;6#*A0-#5#-+()**,2#)-.6(9#-"(-".(2,*-*7(O#&0/.(XMV(#550*-/)-.*(-".():,3.(2,%2.$-(

:)*.6(,%(Z#()%6([055#%)%.(;XWWVA()*(#-(2)%(:.()$$5#.6(#%(1)/#-#1.(*)E.-+()%6(*",9*(-".(

,$-#101(5.3.5(,E(*)E.-+()2"#.3):5.(:+(/.&05)-#,%(-,(/.602.(1)/#-#1.(/#*47(
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(
O#&7(XMVT(Q)/&#%)5(2,*-*()%6(:.%.E#-*(,E(1)/#-#1.(*)E.-+(/.&05)-#,%(](!,0/2.T(Z#()%6([055#%)%.(;XWWVA(

(

^,9.3./'(#%(/.)5#-+(1)/4.-*()/.(%,-($./E.2-7(G"./.()/.(#%6..6(*#-0)-#,%*(9"./.(1)/4.-(

E,/2.*(1#&"-(%,-(,$./)-#3.(.EE.2-#3.5+(-,( #%-./%)5#S.(-".(/#*47( F-(9)*(%,-.6():,3.(-")-(

E,/( -"#*(1,6.5( -,( :.( E055+( )$$5#2):5.( -".( *,2#.-+( *",056( :.( E055+( #%E,/1.6( ):,0-( -".(

/.5.3)%-(/#*4*7(F%()66#-#,%'(5#1#-)-#,%(,E(5#):#5#-+(;-")-(9#55(:.($/.*.%-.6(#%(-".(2)*.(,E(,#5(

$,550-#,%A( )%6( 1)/4.-( n.D-./%)5#-#.*n( ;-")-( 9#55( :.( $/.*.%-.6( #%( -".( 2)*.( ,E( )#/(

.1#**#,%*A()/.'( -,(%)1.()( E.9'( -".(/.)*,%( E,/(%,-(:.#%&():5.( -,()2"#.3.(-"#*(,$-#1)5(

5.3.57(

(

_,-.'( -")-( 5#1#-)-#,%(,E( 5#):#5#-+()5*,(.D#*-*( #%( -".(2)*.(,E("01)%(*)E.-+7(G".(*"#$$#%&(

#%60*-/+( #*( )( -/05+( &5,:)5( #%60*-/+'( )%6( *02"( 5#1#-)-#,%( /.&#1.(")3.(:..%()6,$-.6(:+(

1,*-(1)/#-#1.(%)-#,%*( #%(,/6./(-,(1)#%-)#%()(/.5#):5.(*.)(-/)6.()%6(*$/.)6(1)/#-#1.(

/#*4*()1,%&(*"#$,9%./*()%6(,-"./($)/-#.*7(O,/(.D)1$5.'(Z#()%6([055#%)%.(;XWWVA(%)1.(

-".(-9,(#%-./%)-#,%)5(2,%3.%-#,%*'(-")-(#*'(-".(F%-./%)-#,%)5(K,%3.%-#,%(8.5)-#%&(-,(-".(

Z#1#-)-#,%(,E( -".( Z#):#5#-+( ,E(R9%./*(,E( !.)M&,#%&( !"#$*( =>Y`( ;=>Y`(K,%3.%-#,%A( )%6(

-".( K,%3.%-#,%( ,%( -".( Z#1#-)-#,%( ,E( Z#):#5#-+( E,/( Q)/#-#1.( K5)#1*( =>`@( ;=>`@(

K,%3.%-#,%A()%6(#-*(=>>@(U/,-,2,57(

2.2.2 Optimal level of oil pollution 
G".(E,55,9#%&(E#&0/.(#550*-/)-.*(-".(#%2.%-#3.(,E(,9%./(-,(-)4.($/.2)0-#,%'(,/(*#1#5)/5+(

-".( .EE#2#.%-( $,#%-( #%( #1$5.1.%-#%&( )( /.&05)-#,%( -,( $/.3.%-( ,#5( $,550-#,%7( G".( E#&0/.'(

9"#2"( #*(:)*.6(,%(G#.-.%:./&(;=>>@CXW==A'($/.*.%-*(-".(2)*.(,E(9)-./($,550-#,%(E/,1(

,#5(*$#55*7(<+(E,/2#%&(-".(3.**.5(,9%./(;,/(-".(K,1$.%*)-#,%(O0%6A(-,($)+(E,/(-".(2,*-*(

,E( )%( ,#5( *$#55( -"#*( 2/.)-.*( -".( #%2.%-#3.( E,/( -".( ,9%./( -,( .D./2#*.( 2)/.( )%6( E,/( -".(

/.&05)-,/(-,(#1$5.1.%-(2,%-/,5(,$-#,%*(-,(1#-#&)-.(-".($,550-#,%(/#*47((

(
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O0/-"./1,/.'( -".( E#&0/.(:.5,9( #550*-/)-.*( -".(1)P,/(2")/)2-./#*-#2(,E( -".( 5.&)5(*+*-.1(

-"/,0&"(5#):#5#-+(5)97(G".(.EE#2#.%-($,#%-()*(6.*2/#:.6():,3.(&#3.%(0%5#1#-.6(5#):#5#-+(#*(

cx7(L*(6.*2/#:.6(#%(!.2-#,%(V'()61#**#:5.(25)#1*(2)%%,-(:.($)#6(#%(E055'(.*$.2#)55+(#%(-".(

2)*.(,E(5)/&.(*$#55*'(*#%2.(-".(-,-)5(2,1$.%*)-#,%($)#6(#*( 5#1#-.67(G")-(#*(-/0.(E,/(1,*-(

2,1$.%*)-#,%(*+*-.1*(#%2506#%&(FRUK(O0%6*(:0-(#*()5*,(-".(2)*.(,E(-".(b!(!0$./E0%67(

G"0*'(9#-"(5#1#-.6(5#):#5#-+(-".(.D$.2-.6($.%)5-+(#*(/.602.6()%6(-".(5.3.5(,E($/.2)0-#,%(

5,9./*'(-".%(-".(.EE#2#.%2+($,#%-(#*(6.$#2-.6()*(c7(((

(
O#&7(XM\T(R#5(!$#55(Z#):#5#-+(](L6)$-.6(E/,1(G#.-.%:./&;=>>@A7(

2.2.3 Optimal Level of Pollution from Air Emissions 
F%( -".( E,55,9#%&( E#&0/.'( QK( #*( )( -+$#2)5( 1)/&#%)5( 2,*-( 20/3.'( QB( )( -+$#2)5( 1)/&#%)5(

6)1)&.( 20/3.( )%6( Dx( #*( -".( $,#%-( ,E( n.EE#2#.%-o( $,550-#,%7( ( _,-.( -")-( 9".%( -)54#%&(

):,0-($/.3.%-#,%(,E( .1#**#,%*'( -".(:.%.E#-*(,E($/.3.%-#%&($,550-#,%()/.(.f0)5( -,( -".(

6)1)&.( 2,*-*( -")-( 9,056( ,220/( #E( -".( *)1.( )1,0%-( ,E( &)*.*( 9)*( /.5.)*.6( -,( -".(

.%3#/,%1.%-7(

(
O#&7XMYT(G".(.EE#2#.%-(5.3.5(,E(.1#**#,%*(

O#&7(XMY(/.$/.*.%-*(-".(*")$.(,E(-".(-+$#2)5(1)/&#%)5(2,*-()%6(6)1)&.(E0%2-#,%*'()%6(

.x(#*(-".(*,2#)55+(,$-#1)5(5.3.5(,E(.1#**#,%*7(F%(.f0#5#:/#01(-".,/+'(#-(#*(9,/-"(/.602#%&(

KRX(.1#**#,%*(0$(-,(-".($,#%-(9"./.(-".(1)/&#%)5(:.%.E#-*(,E(/.602-#,%()/.(.f0)5( -,(

-".#/(1)/&#%)5(2,*-7((
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G".( 2)*.( ,E( )#/( $,550-#,%( #*( )%( .D2.55.%-( .D)1$5.( -,( $/.*.%-( -".( %,-#,%( ,E( 1)/4.-(

E)#50/.*C(-")-(#*(2)*.*(-")-(-".(1)/4.-(E)#5*(-,(,$./)-.(-,(,$./)-.(.EE#2#.%-5+7(_,-.'(-")-(

1)/4.-(E)#50/.*()5*,(")$$.%(#%(,-"./(4#%6(,E(1)/4.-*7( F-( #*(-,(%,(*0/$/#*.(-")-(1)/4.-(

E)#50/.*()5*,(")$$.%(9".%(6.-./1#%#%&(-".(,$-#1)5( 5.3.5(,E("01)%(*)E.-+7( (R%.(2)*.(

1)+(:.(-".(5)24(,E(#%E,/1)-#,%():,0-(-".(/#*4(-")-()(*$.2#E#2()2-#3#-+($,*.*(-,(-".(9,/47(

G".(9,/4./(:+(:.#%&(#&%,/)%-():,0-(-".(E055()1,0%-(,E(/#*4(-")-(".(,/(*".(E)2.*(2)%%,-(

1)4.()%(,$-#1)5(6.2#*#,%(,%(-".()$$/,$/#)-.(9)&.(-")-(2,1$.%*)-.*(E,/(-".(E055(/#*47(

(

a,#%&(:)24(-,()#/(.1#**#,%*'()%(+#0+2%()10:& #*(6.E#%.6()*(-".(2)*.(6E@+2+&(%&(801$%&$7&
$%+&+8$%$C18&(5+%0&(77+80/& 0@+&901)10:&$2&A2$*9801$%&A$//1;1)101+/&$7&(%$0@+2& 1%&(&E(:&
0@(0& 1/& %$0& 2+7)+80+*& 1%& 0@+& C(23+0A)(8+>( ;G#.-.%:./&'( XW==A7( G"#*( #*( .D)2-5+( 9")-(
")$$.%*( 9".%( -".( $/,602./( ,E( )( &,,6( .1#-*( *,1.( 4#%6( ,E( .1#**#,%*( ;60.( -,( -".(

$/,602-#,%A7(G"#*(#*(-".(2)*.(,E(%.&)-#3.(.D-./%)5#-#.*'(*",/-5+(-")-(#*(-".(2)*.(#%3,53#%&(

*,1.-"#%&(n:)6o(E,/(-".(*,2#.-+7((

(
O#&7(XM@T(U/#3)-.()%6(*,2#)5(.EE#2#.%2+(#%(-".($/.*.%2.(,E()(%.&)-#3.(.D-./%)5#-+((!,0/2.T(G#.-.%:./&;XW==A7(

(

G".(.EE.2-(,E(.D-./%)5(2,*-*(#*(#550*-/)-.6(#%(O#&7(XM@7(G".($/,602-#,%(,E()(p&,,6p(;2,056(

:.(1)/#-#1.(-/)%*$,/-)-#,%A(#%3,53.*($/,602#%&($,550-#,%()*(9.557(G".(6.1)%6(E,/(-".(

&,,6(#*(*",9%(:+(-".(6.1)%6(20/3.(B()%6(-".($/#3)-.(1)/&#%)5(2,*-(,E($/,602#%&(-".(

&,,6(;#%(-".():*.%2.(,E($,550-#,%(2,%-/,5A(#*(QK$7(QK*(6.$#2-*(-".(*,2#)5(1)/&#%)5(2,*-(

9"#2"(#%2506.*(-".($/#3)-.(2,*-()%6(-".(6)1)&.(,E(-".($,550-#,%7(F%(-".():*.%2.(,E()%+(

2,%-/,5(,%(.1#**#,%*(;9"#2"(#*(*,1.-"#%&(-")-(-".(/.&05)-,/*(*",056(-)4.(2)/.(,EA(-".(

E#/1( $/,602.*( c1'( 9"#2"( #*( -".( ,$-#1)5( 5.3.5( ,E( $/,602-#,%( -")-( 1)D#1#S.*( -".(

$/,602./r*(*0/$50*7(^,9.3./'(9".%(-".(2,*-(-,(-".(*,2#.-+(#*(-)4.%(#%-,()22,0%-(-".%(

-".(,$-#101(5.3.5(,E($/,602-#,%(#*()-(cx(*",056(:.(5.**(-")%(-".($/#3)-.(,$-#101(c17(

(
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G"./.( )/.( )( 2,0$5.( ,E(9)+*( -,( #%-./%)5#S.( -"#*( .D-./%)5#-+( *,1.(,E(9"#2"( )/.( &.--#%&(

"#&"( )--.%-#,%( 5)-.5+( #%( ,/6./( -,( )66/.**( -".( $/,:5.1( ,E( K5#1)-.( K")%&.7( O/,1( -".(

.%3#/,%1.%-)5(.2,%,1#2*I($,#%-(,E(3#.9'()*(-".(!-./%(/.3#.9(*-)-.*'(25#1)-.(2")%&.(#*(

-".( &/.)-.*-( )%6( 9#6.*-M/)%&#%&( 1)/4.-( E)#50/.( .3./( *..%'( $/.*.%-#%&( )( 0%#f0.(

2")55.%&.(E,/(.2,%,1#2*7( F%(.%3#/,%1.%-)5($,5#2+M1)4#%&'($,5#2#.*()/.(,E-.%(25)**#E#.6(

#%( 1)/4.-M:)*.6'( 2,11)%6M)%6M2,%-/,5( )%6( 3,50%-)/+( #%*-/01.%-*7( g.( *")55( :/#.E5+(

6#*20**(-".(1)/4.-(:)*.6($,5#2#.*C(-".(1,*-(9.55M4%,9%(:+(E)/()/.(/.5)-.6(-,(.1#**#,%(

2")/&.*()%6(-/)6#%&(*2".1.*7(G".(/.)6./(#*(/.E.//.6(-,(:)*#2(N%3#/,%1.%-)5(N2,%,1#2(

-.D-:,,4*(*02"()*(O#.56()%6(O#.56( ;XW=WA()%6(G#.-.%:./&( ;XW==A( E,/(1,/.7(G".()0-",/(

")*( )5*,( $/.*.%-.6( .1#**#,%( /.602-#,%( /.5)-.6( $,5#2#.*( #%( [,%-,3)*( )%6( U*)/)E-#*(

;XW==A7(

(

8/&++&3$)@#F(+)
Q,/.( $/.2#*.5+'( 2")/&.*( )/.( .1#**#,%( -)D.*( ,/( E..*( 5.3#.6( ,%( -".( 6#*2")/&.*7( Q,*-(

.2,%,1#*-*( E)3,/(.1#**#,%*(-)D.*( E,55,9#%&(-".( #6.)(,E(U#&,0(;=>XWA(-")-(:+(2")/&#%&(

E,/( .3./+( 0%#-( ,E( .1#**#,%*( /.5.)*.6( E#/1*( -.%6( -,( /.602.( -".#/( .1#**#,%*7(_,-.( -")-(

,:-)#%#%&( )55( %.2.**)/+( #%E,/1)-#,%( -,( #1$,*.( -".( #6.)5( -)D( #*( f0#-.( 2,*-5+( )%6'( #%(

$/)2-#2.'(/.&05)-,/*(6.-./1#%.(-".(2")/&.(0*#%&()%6(-/#)5M)%6M.//,/($/,2.**7(b%6./()%(

2")/&.(/.&#1.'(-".(&,3./%1.%-(9#55(%,-(,%5+'(#%(-".(5,%&(-./1'((1)4.(-".(E#/1(/.602.(

#-*(.1#**#,%*(-,(*,1.(6.*#/.6(5.3.5'(:0-()5*,(:.():5.(-,(&.%./)-.(-)D(/.3.%0.(-")-(2,056(

:.( 0*.6( -,( E0/-"./( 25.)%( 0$( -".( .%3#/,%1.%-( ,/( E,/( )%+( ,-"./( *,2#)5( ,:P.2-#3.7( G".(

:#&&.*-($/,:5.1(,E(*02"()(*+*-.1(#*(-".(.EE.2-#3.(1,%#-,/#%&7(

(

@1#7#I9()(/&++&3$)B(1/&%+)
K5.)/5+'(-"./.()/.(1)/4.-(E)#50/.*(#%3,53.6(#%(1,*-(.%3#/,%1.%-)5($/,:5.1*(.*$.2#)55+(

9".%( -)54#%&():,0-($0:5#2( n&,,6*o( *02"()*( 25.)%(9)-./( ;-")-( #*($,550-.6(:+(,#5( *$#55*A(

)%6( 25.)%( )-1,*$"./.( -")-( #*( $,550-.6(:+( *"#$( .1#**#,%*( -+$#2)55+( 60.( -,( -".( 5)24( ,E(

$/,$./-+(/#&"-*7(<+(:.#%&(n$0:5#2o(,:3#,0*5+(%,(,%.(")*($/,$./-+(/#&"-*(,/()2-0)55+(,%.(

1)+( *)+( -")-( -".*.( :.5,%&( -,( -".( *,2#.-+( )%6( %,-( -,( )%+( *0:&/,0$( ,E( #%6#3#60)5*7(

g#-",0-( )%)5+S#%&( #-( E0/-"./'( -".*.( 4#%6( ,E( $/,:5.1*( 1)+( :.( *,53.6( :+( )**#&%#%&(

$/,$./-+(/#&"-*(-")-(2)%(2/.)-.()(1)/4.-(E,/(-".(.D-./%)5#-+7(K,)*.(;=>@WA(9)*(E#/*-(-,(

*",9(4(2+0$&$A01C()10:&#*()--)#%.6(9".%(*02"(1)/4.-*()/.(2/.)-.67(G"#*(#*(-".(*,M2)55.6(

K,)*.(G".,/.1'( -".(2,/.(,E(9"#2"( #*( -")-( #E()($,550-./(,9%*( -".( /#&"-( -,($,550-.'( -".(

$,550-..(1)+:.(9#55#%&( -,( $)+( -".( $,550-./( -,( .#-"./( /.602.( ,/( *-,$( $,550-#,%7( FE( -".(

$,550-..(,9%*( -".( /#&"-( -,(%,($,550-#,%'( )($,-.%-#)5($,550-./(1)+(9)%-(:0+( E/,1( -".(

$,50-..((-".(/#&"-(-,($,550-.(;l0*-(.-()57'(XWWYA7(

(

(
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G,(-")-(.D-.%-'( -/)6):5.(.1#**#,%($./1#-*()55,9(-".(3,50%-)/+(-/)%*E./(,E(-".(/#&"-(-,(

.1#-(E/,1(,%.(E#/1(-,()%,-"./7((F%(-"#*(*+*-.1(E#/1*()/.()55,2)-.6()(%01:./(,E(.1#**#,%(

$./1#-*( )%6( )/.( .%-#-5.6( -,( .1#-( ,%.( 0%#-( $./( $./1#-( :0-( -".*.( $./1#-*( )/.(

-/)%*E./):5.7( L(1)/4.-( E,/( -".*.( $./1#-*( 9#55( .3.%-0)55+( 6.3.5,$( )%6( E#/1*( -")-( 2)%(

/.602.(.1#**#,%*()-()(5,9(2,*-(1)+($/.E./(-,(*.55( #-*($./1#-(-,()(E#/1(-")-(2)%(/.602.(

$,550-#,%(,%5+()-()("#&"(2,*-7((HK)$M)%6M-/)6.I($/,&/)1*(9,/4()(5#--5.(:#-(6#EE./.%-(*#%2.(

-".( E#/*-( *-.$( #*( -,( 1)4.( )( 2.%-/)5#S.6( 6.2#*#,%( ,%( -".( )&&/.&)-.( f0)%-#-+( ,E( -,-)5(

.1#**#,%*7( G".( $./1#-*( )/.( -".%( 6#*-/#:0-.6( )1,%&( -".( .1#--./*( )%6( -/)6.6( #%( -".(

1)/4.-( )%6(9#55( E5,9( E/,1( E#/1*(9#-"( 5,9./(1)/&#%)5( ):)-.1.%-*( 2,*-( -,( -",*.(9#-"(

"#&"./( 2,*-7( G"0*'( -"./.( 9#55( :.( )%( #%2.%-#3.( E,/( -".1( -,( 5,,4( E,/( 9)+*( -,( /.602.(

.1#**#,%*7(G",*.(.1#--./*(9",(2)%(/.602.(-".#/(.1#**#,%*(1,/.(2".)$5+(2)%()%6(9#55(

*.55( -".( .D-/)( )55,9)%2.*( -,( ,-"./*(9",(,-"./9#*.( ")3.( -,( $)+(1,/.( -,( 2,1$5+( )%6(

:.2)0*.(,E( -"#*'( )( 2)$M)%6M-/)6.( *+*-.1(".5$*()**0/.( -")-(9.(2)%()2"#.3.()%(,3./)55(

2)$()-()(5,9(2,*-7(

(
O#&7(XM`(TG".(Nf0#3)5.%2.(,E(U#&,3#)%(G)D.*()%6(U,550-#,%(U./1#-*(M(!,0/2.T(Q)%4#9(;XWW@A(

(

R%.(1)+(%,-#2.(-")-(-".*.(-9,(*+*-.1*(5.)6(-,(.f0#3)5.%-(/.*05-*(#%(-".(5,%&(-./1(:0-(

9#-"(6#EE./.%-(0%2./-)#%-+(E,/(-".(,0-2,1.7(G".(:)*#2(6#EE./.%2.(#*(#550*-/)-.6(#%(O#&7(XM

`-)4.%( E/,1(Q)%4#9I*( #%-/,602-,/+( :,,4( -,(Q#2/,.2,%,1#2*7( L( 2)/:,%( -)D( )%6( -".(

2)$M)%6M-/)6.()$$/,)2"(2,1.*(6,9%(-,(-".(#**0.(,E(2./-)#%-+7(L(-)D($/,3#6.*(E,/(2,*-(

2./-)#%-+C(-".(2,*-( #*(E#D.6(:.2)0*.(,E(-".(U#&,3#)%(-)D7(G/)6#%&($./1#-*'(,%(-".(,-"./(

")%6'( $/,3#6.*( E,/( .%3#/,%1.%-)5( 2./-)#%-+7(g")-r*( E#D.6( #*( -".( 2)$( #-*.5E( M( )%6( #-( #*(

:)*.6(,%()%()**.**1.%-(,E(-".(5.3.5(,E(.1#**#,%*(+,0(%..6(-,(&.-(-,(#%(,/6./(-,($/,-.2-(

-".(25#1)-.7( F%(-")-(*.%*.'( #E(-".(2)$(#*(*.-(-,,("#&"($./1#-($/#2.*(9#55(:.( 5,9()%6(-".(

#%2.%-#3.(.EE.2-(9#55(:.(9.)47(FE(-".(2)$(#*(*.-(-,,(5,9'($./1#-($/#2.*(9#55(:.(3./+("#&"(

)%6(-")-(2)%(5.)6(-,(-".(6#*/0$-#,%(,E(.2,%,1+()%6(-/)6.7((



 
VALUATION AND EVALUATION TECHNIQUES 

44 

2.3 Safety and Environmental Protection. At what price ? 
G"#*(6#**./-)-#,%( #*(1)#%5+(2,%2./%.6(9#-"(3)50#%&'( #%(1,%.-)/+(-./1*'(1.)*0/.*(-")-(

1)+(/.602.(/#*47(G"#*(#*(25,*.5+(/.5)-.6'(#E(%,-(.f0)5(#%(*,1.(2)*.*'(9#-"(1.)*0/#%&(-".(

)2-0)5(6)1)&.(-")-(-".(/#*4($,*.*(-,( #%6#3#60)5*(:0-(1,*-( #1$,/-)%-5+(-,(-".(*,2#.-+7(

G"#*( !.2-#,%( #*( )( *",/-( #%-/,602-#,%( ,%( -".( 6#EE./.%-( 3)50)-#,%( 1.-",6*7( R%.( 1)P,/(

#**0.(-")-()/#*.*(#%("./.(#*(-")-(-".(1)/&#%)5(6)1)&.(2,*-(#*'(#%(&.%./)5'(%,-(2,%*-)%-C()(

/.*05-(-")-(#*(-".(2,/.(E,/(-".(%..6(,E($/)2-#2#%&(K<L(9#-"#%(O!L(#%*-.)6(,E(KNL(9"#2"(#*(

20//.%-5+(-".(%,/17(

(

L*(#-(9)*(:/#.E5+(6#*20**.6(:.E,/.'(#%6#3#60)5*(6./#3.(0-#5#-+(E/,1(2,%*01#%&(&,,6*()%6(

*./3#2.*( ;*02"()*(1.)5*()%6(",5#6)+*A()%6( E/,1(-".(*-)-.(,E( -".(%)-0/)5(.%3#/,%1.%-(

;^)%5.+'(XWW`A()%6(.3.%(-".(*-)-.(,E(-".#/(".)5-"7((F%(2)*.*(,E(/.&05)-#,%*(;,/()%+(,-"./(

)2-#,%A( -")-( /.602.( /#*4( ;,/( .3.%( $,*.*( )%( .D-/)( /#*4A( -,( ".)5-"( )%6( -".( %)-0/)5(

.2,*+*-.1'(-".(%)-0/)5(f0.*-#,%(-")-()/#*.*(#*(",9(102"(/#*4(#*(/.602.6(;,/(#%2/.)*.6A(

)-(9")-(2,*-7(!,'(",9(2)%(9.(&.-(-"#*(r$/#2.r(,/(r3)50.r(,E(-".():,3.(r&,,6*r(k(

2.3.1 Valuation methods 
 
@3%#9)8;3$3/&;)L#9"()
G".(-./1(n3)50.o(2)%(")3.(*.3./)5(6#EE./.%-(1.)%#%&*(;O/..1)%(FFF'(XWWVA7((

6Z$2&+#(CA)+.&+8$%$C1/0/&(%*&+8$)$51/0/&9/+&0@+&0+2C&1%&0E$&*177+2+%0&E(:/&1%&
*1/89//1$%/&$7&+%=12$%C+%0()&/+2=18+/&(%*&+8$/:/0+C/?&&
"8$)$51/0/&0:A18()):&9/+&0@+&0+2C&0$&C+(%&60@(0&E@18@&1/&*+/12(;)+&$2&E$20@:&$7&
+/0++C& 7$2& 10/& $E%& /(3+O& 0@1%5& $2& B9()10:& @(=1%5& 1%021%/18& E$20@>& KT+;/0+2-/&
]+E&T$2)*&^1801$%(2:&N_``L?&"8$%$C1/0/&9/+&0@+&0+2C&1%&(&/+%/+&C$2+&(31%&0$&
6(& 7(12& $2& A2$A+2& +B91=()+%0& 1%&C$%+:.& 8$CC$*101+/.& +08?>& KT+;/0+2-/& (5(1%L.&
E@+2+&6+B91=()+%0&1%&C$%+:>&2+A2+/+%0/&0@+&/9C&$7&C$%+:&0@(0&E$9)*&@(=+&(%&
+B91=()+%0&+77+80&$%&0@+&E+)7(2+&$2&901)101+/&$7&1%*1=1*9()/?>&

(

G".( 0%#-( ,E( 1.)*0/.1.%-( #%( K<L( )*( 9.( 6#*20**.6( ):,3.( #*( 1,%.+( )5-",0&"( #-*(

2,%2.$-0)5(:)*#*(;,%(9.5E)/.(.2,%,1#2*A(#*(,%(0-#5#-+7(FE(K<L(*",056(:.(0*.6(-,(.3)50)-.(

)5-./%)-#3.*( -".%( )55( /.5.3)%-( 2,*-( )%6( :.%.E#-*( ")3.( -,( :.( 2,%*#6./.6( )%6( 3)50)-.67(

G".(:.%.E#-($)/-(#*(/.5)-.6(-,(-".(:.%.E#-*(,E($/.3.%-#%&()(2")%&.(#%(-".(20//.%-(*-)-.(

,/(-".(2,*-*(;E,/&,%.(:.%.E#-*A(,E()55,9#%&(#-(-,(:.(6.&/)6.67(g.(:.&#%(:+(*)+#%&(-")-(

)55(&,,6*()%6(*./3#2.*(10*-(")3.()(n3)50.o()5-",0&"(9.(/.2,&%#S.(-")-(*,1.-#1.*(#-(#*(

3./+(6#EE#205-(-,(E#%6(-".(.D)2-(3)50.(,/(.3.%(0%.-"#2)5(-,($5)2.(,%.7(g.()5*,(*")/.(-".(

3#.9(,E(N$*-.#%(;XWWVA(-")-()(67(1)92+&0$&(//15%&(&*$))(2&=()9+&0$&0@+&;+%+710/&+77+801=+):&
(//15%/&0@+C&(&,+2$&=()9+&$2&(&,+2$&E+15@0&1%&0@+&8()89)(01$%&$7&%+0&;+%+710/.&1CA):1%5&
0@(0&8@(%5+/&1%&0@$/+&/+2=18+/&E1))&%$0&;+&1%8$2A$2(0+*&1%0$&0@+&%+0&;+%+710&8()89)(01$%>?&&(
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L*( $/.3#,0*5+( 6#*20**.6'( /)-#,%)5( 2",#2.*( )/.( :)*.6( ,%( 0-#5#-#.*7( !#%2.( -"./.( #*( %,(

2)/6#%)5(1.)*0/.(-,(.D$/.**(2")%&.*(#%(0-#5#-+'(.2,%,1#*-*(0*.(1,%.+()*()(1.)*0/.(,E(

0-#5#-+(#%(,/6./(-,(2,1$)/.(2",#2.*()%6(-,(.D$/.**($/.E./.%2.*7(G".(-9,(1,%.+(1.-/#2*(

0*.6( E,/( -".(.2,%,1#2(3)50)-#,%(,E()( 2")%&.( #%($/#2.(,/( -".()3)#5):#5#-+(,E()(&,,6(,/(

*./3#2.()/.(;^)%5.+()%6(<)/:#./'(XWW>AT(

;)A -".( 1,*-( )%( #%6#3#60)5( #*( 9#55#%&( -,( $)+( ;gGUA( E,/( -")-( 2")%&.'( #E( -"#*( #*( )(

6.*#/):5.(.3.%-'(,/(

;:A -".(1#%#101(2,1$.%*)-#,%(-")-(#*(9#55#%&(-,()22.$-(;gGLA(-,(E,/&,(-".(2")%&.'(

#E(-"#*(#*(%,-(6.*#/):5.7(

(

G".(%3%#9)(;3$3/&;)'#9"()M@8LN2)%(:.(6#3#6.6(#%-,(-9,(2)-.&,/#.*(T(
;)A #%*-/01.%-)5(,/(0*.(3)50.C((

;:A #%-/#%*#2(,/(%,%M0*.(,/($)**#3.(3)50.7(
G".( #%*-/01.%-)5( 3)50.( /.E./( -,( -",*.( 3)50.*( )**,2#)-.6( 9#-"( 20//.%-( ,/( E0-0/.(

;$,-.%-#)5A( 0*.( ,E( )%( .%3#/,%1.%-)5( /.*,0/2.( :+( )%( #%6#3#60)5'( 9"#5.( %,%0*.( 3)50.*(

)/#*.(E/,1(-".(2,%-#%0.6(.D#*-.%2.(,E(-".(/.*,0/2.()%6()/.(0%/.5)-.6(-,(0*.7(

(

O#&7(XM?(TG,-)5(N2,%,1#2(J)50.]L6)$-.6(E/,1(L*)E0ML6P)+.(;XWWYA(

(

b*.( 3)50.( 2)%( :.( E0/-"./( 6#3#6.6( #%-,( 6#/.2-( 3)50.( ;9"#2"( 2,%*#*-*( ,E( 2,%*01$-#3.(

3)50.*(*02"()*(E#*"#%&A()%6(#%6#/.2-(0*.(3)50.(;9"#2"()/.(,E(%,%M2,%*01$-#3.(0*.'(*02"(

)*( *9#11#%&A7( G".*.( 3)50.*( 2)%( :.(1.)*0/.6( .)*#5+( :+( 0*#%&(1)/4./( $/#2.( ,/( ,-"./(

1.)%*()%6()/.(9.55()22,0%-.6(E,/(#%(.2,%,1#2()$$/)#*)57(

F%-/#%*#2( ;,/(%,%M0*.(3)50.A()/.( #%"./.%-( #%(-".(&,,6()%6(2,1$/#*.(,E(.D#*-.%2.(3)50.(

;-")-( #*( -".(:.%.E#-( -")-( )/#*.*( E/,1(4%,9#%&( -")-( )( &,,6(.D#*-*( )%6(9#55( 2,%-#%0.( -,(

.D#*-(/.&)/65.**(#E(#-(9#55(%.3./(:.(*..%(,/(0*.6A'(:.f0.*-(3)50.(;E/,1(4%,9#%&(-")-(-"#*(

&,,6(9#55(:.()3)#5):5.(E,/(-".(E0-0/.(&.%./)-#,%*A()%6(,$-#,%(3)50.(;9"#2"(#*(/.5)-.6(-,(

-".(gGU(-,(.%*0/.(-")-(-".(/.*,0/2.(9#55(:.()3)#5):5.(#%(2)*.(#-(#*(6.2#6.6(-,(:.(0*.6A7(

G".*.( %,%M0*.( 3)50.*'( ,%( -".( ,-"./( ")%6( )/.( %,-( -/)6.6( )%6( 2)%%,-( :.( .)*#5+(

.*-#1)-.6(;L*)E0ML6P)+.'XWWYA7(

G,-)5(N2,%,1#2(
J)50.(;GNJA(

b*.((
;,/(#%*-/01.%-)5A(

J)50.(

B#/.2-(b*.(J)50.( F%6#/.2-(b*.(J)50.(

_,%Mb*.(eU)**#3.(
;,/(#%-/#%*#2A(

J)50.(

<.f0.*-(J)50.( ND#*-.%2.(J)50.( R$z,%(J)50.(
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A9#++&46&$.)L#9"#%&3$)-(%<37+)
J)50)-#,%( 1.-",6*( 2)%( :.( *.$)/)-.6( #%-,( -9,( :/,)6( 2)-.&,/#.*( ,E( 1.-",6*(

;G#.-.%:./&'(XW==AT(

;)A !-)-.6(U/.E./.%2.(;!UA(-")-(6./#3.(-".(3)50.(:+(0*#%&()(-.2"%#f0.(-")-()--.1$-*(

-,(.5#2#-( -".( /.*$,%6.%-*I(9#55#%&%.**( -,($)+(,/(9#55#%&%.**( -,()22.$-( ;9"#2"( #*(

-".((n*-)-.6o($/.E./.%2.A(

;:A 8.3.)5.6( U/.E./.%2.( ;8UA60@(0& (2+& ;(/+*& $%& (809()& $;/+2=(;)+& 8@$18+/& 0@(0&
())$E&2+/$928+&=()9+/&0$&;+&*12+80):&1%7+22+*&72$C&0@$/+&8@$18+/>7(
(

G".*.(1.-",6*( #%2506.(6#/.2-()%6( #%6#/.2-(-.2"%#f0.*()*($/.*.%-.6( #%(G):5.(XM=( ()%6(

:/#.E5+(6.*2/#:.6(:.5,9'(:,-"(:)*.6(,%(G#.-.%:./&(;XW==A7(

(

G):5.(XM=((TN2,%,1#2(Q.-",6*]!,0/2.T(G#.-.%:./&(;XW==A(

Economic Methods for Measuring Environmental and Resource Values* 
*Source: Modified by Tietenberg from Mitchell and Carson,1969 

Methods Revealed Preference Stated Preference 

Direct Market Price 

Simulated Markets 

Contingent Valuation 

Indirect Travel Cost 

Hedonic Property Values 

Hedonic Wage Values 

Avoidance Expenditures 

Attribute-Based Models 

Conjoint Analysis 

Choice Experiments 

Contingent Ranking 

(

B#/.2-( !-)-.6( U/.E./.%2.( ;!UA(1.-",6*( 0*.( *0/3.+( -.2"%#f0.*( -,( .5#2#-(9#55#%&%.**( -,(

$)+( ,/( -,( )22.$-7( G".( 1,*-( $,$05)/( *-)-.6( $/.E./.%2.( 1.-",6( #*( -".( *,M2)55.6(

K,%-#%&.%-(J)50)-#,%(;KJA'(-".(*#1$5.*-(3./*#,%(,E(-"#*()$$/,)2"(#*(-,()*4*(#%6#3#60)5*(

9")-( 3)50.( -".+(9,056( $5)2.( ,%( )(1)/&#%)5( 2")%&.(,E( -".( /.*,0/2.( E/,1( #-*( 20//.%-(

*-)-.7(R%(-".(,-"./(")%6'(8.3.)5.6(U/.E./.%2.(;8UA(1.-",6*()/.(n,:*./3):5.o(:.2)0*.(

-".+( )/.( :)*.6( ,%( )2-0)5( ,:*./3):5.( 2",#2.*( )%6( 2)%( :.( .#-"./( 6#/.2-( #E( -".( 3)50.(

2,//.*$,%6*(-,()(1)/4.-($/#2.(;,/(.3.%'()(n"+$,-".-#2)5(1)/4.-o($/#2.A()%6(n#%6#/.2-o(

9".%(-".+(#%E./()(3)50.(/)-"./(-")%(.*-#1)-.(#-(6#/.2-5+7(

g.(*")55(#550*-/)-.(*,1.(,E(-".*.(1.-",6*(#%()("+$,-".-#2)5(2".1#2)5(,#5(*$#55(;#%*$#/.6(

E/,1(G#.-.%:./&( ;XW==A7( F-( #*(.)*+( -,( 2)5205)-.(",9(102"(1,%.+( -".( 5,2)5( E#*"./1.%(

5,*-( E/,1( :+( ,:*./3#%&( ",9( 102"( -".( 2)-2"( 6.25#%.6( )%6( -".( /.*05-#%&( 6#1#%#*".6(

3)50.(,E(#-(:)*.6(,%(-".(1)/4.-($/#2.(,E(-".(E#*".*(;n6#/.2-o(2)5205)-#,%A7(R/'(#%6#/.2-5+'(

9.(2)%(2)5205)-.(-".(3)50.(,E()%(,220$)-#,%)5(".)5-"(/#*4(;*02"()*(-".(.D$,*0/.(,E(-".(

*)1.( E#*"./1.%( -,( -".( -,D#2( ,E( -".( ,#5( *$#55( :+( .D)1#%#%&( -".( 6#EE./.%2.*( #%( 9)&.*(
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)2/,**( #%60*-/#.*( #%( 9"#2"( 9,/4./*( -)4.( ,%( 6#EE./.%-( 5.3.5*( ,E( /#*4( ;n^.6,%#2( g)&.(

Q.-",6oA7( FE( E,/( .D)1$5.( -".( ,#5( *$#55( #*( %.)/( )( /.2/.)-#,%)5( )/.)( ;5.-I*( *)+( E,/( *$,/-(

E#*"./+A( -".%( -"#*(6)1)&.(2,056(:.(.*-#1)-.6(0*#%&( -".( nG/)3.5(K,*-(Q.-",6o(9"#2"(

0*.*(-".(6.1)%6(20/3.(E,/(9#55#%&%.**(-,($)+(E,/()(3#*#-(-,(-"#*()/.)7(

(

O#%)55+'(%,-.(-")-(-".():,3.(1.-",6*(2)%()5*,(:.(0*.6(-,(1,%.-#S.(2")%&.*(#%("01)%(

".)5-"7( G".( 0*.( ,E( ^.6,%#2( g)&.( Q.-",6( 9)*( $/.*.%-.6( ):,3.7( F%( )66#-#,%'(

K,%-#%&.%-(J)50)-#,%'(E,/(.D)1$5.'(2,056(:.(0*.6(-,(.*-#1)-.(-".(nJ)50.(,E(!-)-#*-#2)5(

Z#E.o(:+(P0*-()*4#%&(#%6#3#60)5*(",9(102"(-".+()/.(9#55#%&(-,()22.$-(E,/()(*1)55(#%2/.)*.(

#%(1,/-)5#-+( /#*4(,/(9#55#%&( -,($)+( E,/()( *1)55(6.2/.)*.( #%( -")-( *)1.(/#*47(G"#*( #**0.( #*(

E0/-"./()%)5+S.6(#%(!.2-#,%(V7`7(

 
O#&7(XM>(TJ)50.()%6(J)50)-#,%(Q.-",6*]!,0/2.T(U.)/2.(.-()57(;XWW@A(

(

G,( *01( 0$'( 9.( $/.*.%-( O#&0/.( XM>( -")-( *011)/#S.*( -".( 2,1$,%.%-*( ,E( -".( G,-)5(

N2,%,1#2(J)50.()%6(-".(1.-",6*(-")-(2)%(:.(0*.6(-,(.5#2#-(-".*.(3)50.*7( F%()66#-#,%'(

-"#*(O#&0/.($/.*.%-*(-".(n<.%.E#-(G/)%*E./o(;*..(:,--,1A(-")-( #*()(1.-",6(-")-(1)4.*(

.)*+(-,(0*.(;n-/)%*E./oA(3)50.*(.5#2#-.6(;,/(0*.6A(#%($/.3#,0*(*-06#.*7((

 
_,-#%&(-")-(#%(-"#*(6#**./-)-#,%(9.(E,20*(,%(-".(3)50.(#-*.5E()%6(%,-(-".(-.2"%#f0.*(-")-(

2)%( :.( 0*.6( -,( .*-#1)-.( -".( 3)50.'( -".( /.)6./( #*( /.E.//.6( -,( -".( 3)*-( )1,0%-( ,E(

/.5.3)%-(5#-./)-0/.'(*..(E,/(.D)1$5.(O/..1)%(;XWWVA'(L//,9(.-()57(;=>>VA'(K)/*,%(.-7()57(

;=>>@A( )%6( -".( ")%6:,,4*( .6#-.6( :+( O,*-./( ;=>>`A)%6( Q)5./( t( J#%2.%-( ;XWWYA7( F%(
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)66#-#,%'( -".( .D2.55.%-( :,,4( ,E( ^)%5.+( )%6( <)/:#./( ;XWW>A( 6.*2/#:.*( #%( 6.-)#5( )%6(

$/.*.%-*( /.5.3)%-( .D)1$5.*( ,E( ",9( -".*.( 3)50)-#,%( -.2"%#f0.*( 2)%( :.( 0*.6( #%(

.%3#/,%1.%-)5M/.5)-.6(K,*-(<.%.E#-(L%)5+*#*7(

2.3.2 Total and Marginal Damages and Benefits and the notion of 
the ‘per-unit price’ 

g#-"#%( /#*4( )%)5+*#*( -".(1)P,/( &,)5( #*( -,( /.602.( /#*4( ;)5-",0&"( -"#*( 6#**./-)-#,%( )5*,(

$/.*.%-*(-".(9)+(-,(3)50.(#%2/.)*.*(#%(/#*4A7(F%()66#-#,%(102"(.%3#/,%1.%-)5()%6(*)E.-+(

$,5#2#.*( )%6( -".( /.5)-.6( K,*-( <.%.E#-( L%)5+*.*( #%3,53.*(1)4#%&( -".( 20//.%-( *#-0)-#,%(

:.--./C( -")-( #*( #%6..6( 6.2/.)*#%&( -".( /.5.3)%-( /#*47( G".( :.%.E#-*( #%( -".*.( 2)*.*(

;#%3,53#%&(/#*4(/.602-#,%A()/.(:.*-(-",0&"(,E( ;1.)*0/.6A()*(6)1)&.*()3,#6.67(80**.55(

;XWW='($7=VYA(0/&.*(0*(-,(-"#%4(,E()(*#-0)-#,%(#%(9"#2"($,550-#,%(U(2)0*.*(6)1)&.(B;UA(

;#%(u($./( +.)/AC( )%6( #E(9.(4%.9( -".(6)1)&.( E0%2-#,%(B;UA( ;9#-"(6Be6U{WA( )%6( #E( -".(

.D#*-#%&($,550-#,%( 5.3.5( #*(UW{U='(-".%(-".(%)-0/)5(6.E#%#-#,%(,E(-".(:.%.E#-*(,E()($,5#2+(

;,/()%()2-#,%A(-,(/.602.(U(E/,1(UW(-,(U=;)(/.602-#,%(,E(|UA(9,056(:.T(

};|UAvB;UWA(M(B;U=A(

(
O#&7(XM=W(T(G+$#2)5(B)1)&.(O0%2-#,%(]()6)$-.6(E/,1(80**.55((;XWW=A(

(

80**.55(;XWW=A(#550*-/)-.*(-"#*(&/)$"#2)55+(E,/()("+$,-".-#2)5(E0%2-#,%(B;UA'(9"#2"(#*(-".(

6)1)&.()*()(E0%2-#,%(,E(-".()1,0%-(,E($,550-#,%(;#%($"+*#2)5(0%#-*A'()%6(*-)-.*(-")-(-"#*(

,:*./3)-#,%(6,.*( %,-( *,53.( )%+(,E( -".( -,0&"($/,:5.1*(9"#2"( #*( .#-"./( ,:-)#%#%&( -".(

E,/1(,E(-".(-,-)5(E0%2-#,%(,E(,/(,E(-".(1)/&#%)5(E0%2-#,%(E,/(/.602-#,%*(#%(U7((

(

^,9.3./'( -"#*(,:*./3)-#,%(,%( -".( *")$.(,E( -".(6)1)&.( E0%2-#,%( #*( 0*.E05(9#-"#%( -".(

2,%2.$-(,E(-"#*(6#**./-)-#,%(E,/(-".(E,55,9#%&(/.)*,%T((

;)A(O#/*-(,E()55'(#%(*",/-'(3)50#%&(/#*4(/.602-#,%*(#*(/.5)-.6(-,(-".(%,-#,%(,E(9#55#%&%.**(-,(

$)+(;gGUA(,E(-".(#%6#3#60)5(;,/(,E(-".(*,2#.-+()*()(*01(,E(-".(#%6#3#60)5(gGUA(-")-(9)*(

$/.*.%-.6():,3.7(U.,$5.()/.( #%6..6(9#55#%&( -,($)+( E,/( #1$/,3.1.%-( #%(f0)5#-+(,E( -".(



 
VALUATION AND EVALUATION TECHNIQUES 

 

49 

.%3#/,%1.%-()%6(-"#*(#*()5*,(-/0.(E,/(#1$/,3.1.%-*(#%(-".(f0)5#-+(,E(-".#/(5#E.'(-,,7(F%()(

*#1#5)/(9)+'(#%6#3#60)5*(;)%6(-".(*,2#.-+A(1)+(:.(9#55#%&(-,()22.$-(;gGLA(2,1$.%*)-#,%(

E,/(#%2/.)*.*(#%(-".(/#*4(-".+(E)2.7(^,9.3./'(%,-.(-")-(gGL(#*(%,-(2,%*-/)#%.6(:+(-".(

#%2,1.(,E( -".( #%6#3#60)5( ;,/( -".(:06&.-(,E( -".(*,2#.-+( #%(.D-.%*#,%A()*( #*(gGU()%6( #-(

*",056(2,1.(-,(%,(*0/$/#*.(-")-(9".%($.,$5.()/.()*4.6(gGL(f0.*-#,%*(-".#/()%*9./*(

)/.("#&"./(-")%(-".(gGU(/.*$,%*.(E,/(-".(*)1.(#-.1(;O#.56()%6(O#.56'(XWW>A7(

;:A( G".%'( )22,/6#%&( -,( 1,*-( .%3#/,%1.%-)5( .2,%,1#2*( ;-.D-:,,4*A( -".( 6)1)&.(

E0%2-#,%( E,/( -",*.( n:)6*o( -")-( E)55( 9#-"#%( -".( *2,$.( ,E( -"#*( 9,/4( #*'( #%( &.%./)5'( )%(

#%2/.)*#%&( E0%2-#,%'( *..( )5*,( -".( O#&7( XM=W( :)*.6( ,%( 80**.55( ;XWW=A7( L22,/6#%&( -,(

G#.-./%:./&(;XW=='($7(V@VA()5-",0&"(-".(4%,95.6&.(#%(-".(2,%-/,5()%6(6)1)&.(2,*-*(#*(

E)/(E/,1(2,1$5.-.'(.2,%,1#*-*(&.%./)55+()&/..(,%(-".(*")$.*(,E(-".*.(/.5)-#,%*()%6(".(

2,%-#%0.*(:+(*-)-#%&(-")-(T((

60@+& C(251%()& *(C(5+& 8(9/+*& ;:& (& 9%10& $7& A$))901$%& 1%82+(/+/& E10@& 0@+& (C$9%0&
+C100+*?&T@+%&/C())&(C$9%0/&$7&0@+&A$))90(%0&(2+&+C100+*.&0@+&1%82+C+%0()&*(C(5+&1/&
B910+&/C())?&a$E+=+2.&E@+%& )(25+&(C$9%0/&(2+&+C100+*.& 0@+&C(251%()&9%10&8(%&8(9/+&
/15%1718(%0):& C$2+& *(C(5+?& F0& 1/& %$0& @(2*& 0$& 9%*+2/0(%*& E@:?& [C())& (C$9%0/& $7&
A$))901$%& (2+& +(/1):& *1)90+*& 1%& 0@+& +%=12$%C+%0.& (%*& 0@+& ;$*:& 8(%& 0$)+2(0+& /C())&
B9(%0101+/& $7& /9;/0(%8+/?& a$E+=+2.& (/& 0@+& (C$9%0& 1%& 0@+& (0C$/A@+2+& 1%82+(/+/.&
*1)901$%&1/&)+//&+77+801=+&(%*&0@+&;$*:&1/&)+//&0$)+2(%0?>&

;2A(O#%)55+'(-".(.2,%,1#2(3)50.(,E(/#*4(/.602-#,%(.f0)5*(;^)%5.+'(XWW`A(

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

(

a#3.%(-")-(-".(.2,%,1#2(:.%.E#-(E/,1(/.602#%&(/#*4(;|}A'(9"#2"(#*(.f0)5(-,(-".(/.602.6(

6)1)&.'(2)%(:.()$$/,D#1)-.6(:+(-".(9#55#%&%.**(-,($)+(E,/(/#*4(/.602-#,%(#-(#*(,:3#,0*(

-")-(-".($./(0%#-(3)50.(,E(/#*4(/.602-#,%(.f0)5*(-".(1)/&#%)5(6)1)&.(2,*-7((

O$)/3+%) ;#+(+J) %<() 7#/#.() 4"$;%&3$) &+) $3%) B13B31%&3$#9) %3) %<() H"#$%&%6) M#+)
7&+;"++(7) &$) %<() B1('&3"+) B3&$%N) #$7J) %<(1(431(J) %<(1() &+) $3) ('&7($;() %3)
#++"/() %<#%) %<()/#1.&$#9) ;3+%) #$7J) &$) (F%($+&3$J) %<() B(1G"$&%) '#9"() 34) 1&+,)
1(7";%&3$)&+J)&$).($(1#9J);3$+%#$%K(
(

G"#*(#*()(1)P,/(/.*05-'(9"#2"(2)%(:.()5*,(.D-.%6.6(E,/(/#*4(/.602-#,%*(;,/(#%2/.)*.*A(-")-(

)EE.2-( -".(f0)5#-+(,E("01)%( 5#3.*7( G"#*( 2,1.*( -,()( *0/$/#*.( -,( -",*.( -")-()/.( E)1#5#)/(

9#-"(O,/1)5(!)E.-+(L**.**1.%-(*#%2.(#%(1,*-(2)*.*(".)5-"(.EE.2-*()/.()**.**.6(:+(-".(

*,M2)55.6(FCA)1+*&J$/0&$7&Y=+201%5&(&Z(0()10:(;FKLOA(9"#2"(#*(/.5)-.6(9#-"(-".(9#55#%&%.**(
-,($)+(E,/(/#*4(/.602-#,%*7(G"#*( #*()5*,(/.5)-.6(-,(-".(*,M2)55.6(J)50.(,E(!-)-#*-#2)5(Z#E.(

;J!Z(,/(JR!ZA(-")-(")*(:..%(.D-.%*#3.5+(0*.6(#%(K,*-(<.%.E#-(L%)5+*#*7(G,(*-)/-(9#-"'(#-(

1)+()&)#%(2,1.(-,()(*0/$/#*.(-,(-",*.(-")-()/.("%#(E)1#5#)/(9#-"(O,/1)5(!)E.-+(L%)5+*#*(

-")-(1)%+( .D$./-*( #%3,53.6( #%( O!L( *-06#.*( 6,( *-/,%&5+( ,$$,*.( -".( 0*.( ,E( -"#*( 3)50.(

9#-"#%(O!L7(G"#*(#**0.(#*(E0/-"./(6#*20**.6(#%(!.2-#,%(V7`7(
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R%( -,$( ,E( -")-'(1,*-( .D$./-*( #%3,53.6( #%( O!L( *-06#.*( 6,( $/,:):5+( )22.$-( )( 2,%*-)%-(

FKLO(3)50.(;)5-",0&"(-".(-./1(#-*.5E(#*(/)/.5+(:.#%&(0*.6(%,9)6)+*A()%6(6,()5*,(:.5#.3.(

-")-()( 2,%*-)%-(0%#-($/#2.( #*( -".( 2)*.(9".%()**.**#%&( /#*4*(,-"./( -")%( *)E.-+'( *..( E,/(

.D)1$5.(2)*.(9#-"(,#5($,550-#,%7(!,1.-"#%&(-")-(#*(,:3#,0*5+(%,-(3)5#6()*(9.(6.*2/#:.6(

):,3.7(

(

C3&$.) I#;,) %3) %<() ;3$+%#$%) "$&%) ;3+%J) 2<6) 73) (FB(1%+) "+() #) ;3$+%#$%)
2&99&$.$(++) %3) B#6) #+) %<() '#9"() 34) +%#%&+%&;#9) 9&4(P) O+) %<#%) ;311(;%P) O$) 2<#%)
(44(;%+)/#6)%<&+)#++"/B%&3$)I()'#9&7P)g.55'()5-",0&"(#-(2)%(:.(6.:)-.6'()(2,%*-)%-(

1)/&#%)5(9#55#%&%.**(-,($)+(-,()3./-(-".(/#*4(,E()(*-)-#*-#2)5(E)-)5#-+(;#7.(%,-($/,$,/-#,%)5(

-,( -".( /#*4( /.602-#,%A( #*($/,:):5+(2,//.2-7(G".( /.)*,%( #*( -")-( #%(f0#-.()55( 2)*.*(9.(6,(

)**01.(*1)55(/#*4(/.602-#,%*7(G"./.()/.(#%6..6(-9,(2)*.*(9"./.(-".($./M0%#-(6)1)&.(

2,*-(;,/(2,*-(-,()3./-A(2)%(:.()**01.6(2,%*-)%-T(;)A(9".%(-".(/.602-#,%(#*(3./+(*1)55(

)%6(;:A(9".%(-".(6)1)&.(2,*-(#*(-/05+($/,$,/-#,%)-.(-,(-".(f0)%-#-+7(

(

F%( -".( E#/*-( 2)*.'( )( 2,%*-)%-( 0%#-( 2,*-( #*( #%6..6( )( &,,6( )$$/,D#1)-#,%( E,/( )55( /#*4(

/.602-#,%*(;.3.%(#E(9.()/.(-)54#%&():,0-($,550-#,%(,/()%+(,-"./(4#%6(,E(/#*4A()*(5,%&()*(

-".(/#*4(/.602-#,%(,/(-".(/.5)-.6(:)24&/,0%6(/#*4*()/.(*1)557(L*(+,0(1)+(%,-#2.(#%(O#&(XM

D'( -".( 0%#-( $/#2.( #*( -".( 1)/&#%)5( 6)1)&.'( 9"#2"( #*( -".( *5,$.7( G"#*( #*( %,-"#%&( %.9C(

^)11#--(,E(^)/3)/6(b%#3./*#-+(")*(9/#--.%():,0-(-")-(,3./()%6(,3./7(6"8$%$C18&0@+$2:&
/955+/0/& 0@(0& TW4& /@$9)*& 1%82+(/+& ()C$/0& A2$A$201$%(0+):& 0$& 0@+& /1,+& $7& 0@+& 21/3&
8@(%5+>( ;8,:#%*,%( )%6( ^)11#--'( XW=WA7( N1$#/#2)5( *-06#.*( ")3.( )5*,( E,0%6( -")-(

#%6#3#60)5*(*-)-.()(2,%*-)%-(gGU(E,/(*1)55(/#*4(/.602-#,%*()%6(,%.($,**#:5.(.D$5)%)-#,%(

1)+(:.(n-")-( #%6#3#60)5*()/.( #%6#EE./.%-(:.-9..%( /#*4( 2")%&.*(,E( -".*.(1)&%#-06.*o7(

;8,:#%*,%()%6(^)11#--'(XW=WA7(_,-.(-")-(#%(-".(2)*.(,E("01)%(*)E.-+(/#*4(/.602-#,%*(

)/.(*1)557( F%(,0/(,$#%#,%'(-".(%,%(5#%.)/#-+(9,056(:.(,:3#,0*(#E(-".()1,0%-(,E( 5,**(,E(

5#3.*()3./-.6(9"./.(f0#-.(5)/&.7(

G".(*.2,%6(2)*.(#*(%,-(*,(2,11,%7(^,9.3./'(*,1.($)$./*(,%(25#1)-.(2")%&.(6)1)&.(

.*-#1)-#,%( ")3.( )63,2)-.6( -".( 0*.( ,E( 0%#E,/1( $./M0%#-( 3)50.*( E,/( 6)1)&.*( ;.7&7(

^,"1.+./()%6(a)./-%./'(=>>XC(Q.+./()%6(K,,$./(=>>YA7(L5-",0&"(-"#*( #*(6.:)-):5.'(

*,1.(N%3#/,%1.%-)5(N2,%,1#2*(-.D-:,,4*(*0$$,/-(-"#*(1)+(:.(#%6..6(-/0.(E,/(-".(*,M

2)55.6( /0$83&A$))90(%0/7(L22,/6#%&(G#.-.%:./&( ;XW==A(6)1)&.(6,%.(:+( -".()1,0%-(,E(

9)*-.*(.1#--.6(6.$.%6*(,%( -".(2)$)2#-+(,E( -".(.%3#/,%1.%-( -,()**#1#5)-.( -".(9)*-.(

$/,602-*'(9"#2"( #*(-".(*,M2)55.6((;/$2A01=+&8(A(810:&$7&0@+&+%=12$%C+%07(U,550-)%-(E,/(
9"#2"( -".(.%3#/,%1.%-(")*( 5#--5.():*,/$-#3.(2)$)2#-+( ;*02"()*(1,*-(9)-./:,/%.( -,D#2(

$,550-)%-'( #%,/&)%#2( 2".1#2)5*( 5#4.( $5)*-#2'( ".)3+(1.-)5*'( *+%-".-#2( 2".1#2)5*( *02"( )*(

6#,D#%A( )/.( 2)55.6( /0$83& A$))90(%07( F%( -".( 2)*.( ,E( *-,24( $,550-)%-*( 6)1)&.( 2)0*.6( :+(

-".#/( $/.*.%2.( #%2/.)*.*( :0-( #*( )**01.6( -,( :.( $/,$,/-#,%)5( -,( -".( *#S.( ,E( -".(

)220105)-.6(*-,24()%6($./*#*-*()*( -".($,550-)%-()220105)-.*7(L5-",0&"( -".*.(9)*-.*(
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)/.( ,0-( ,E( -".( *2,$.( ,E( -"#*( 9,/4( -".*.( 1)+( :.( ,%.( 2)*.( 9"./.( -".( 6)1)&.( #*(

$/,$,/-#,%)5( -,( -".(f0)%-#-+( .1#--.6( )%6'( -"0*'( -".(1)/&#%)5( 2,*-( ;,/( $./M0%#-( $/#2.A(

2)%(:.()**01.6(2,%*-)%-7(

(

^,9.3./'( -"#*( #*( %,-( -".( 2)*.( E,/( 79%*& A$))90(%0/( ;#%2506#%&( 2,%-)1#%)-#,%( ,E( 9)-./(

E/,1(,#5( *$#55*( )%6()55(1)P,/( *"#$()#/(.1#**#,%*A( E,/(9"#2"( -".(.%3#/,%1.%-(")*( *,1.(

):*,/$-#3.( 2)$)2#-+7( _,-.'( -")-( )5-",0&"( 2)/:,%( 6#,D#6.( ;KRXA( )220105)-.*( #%( -".(

)-1,*$"./.( ;)%6( -")-( #*( -".( /.)*,%( E,/( :.#%&( )**,2#)-.6( 9#-"( K5#1)-.( K")%&.A( #-( #*(

):*,/:.6(:+($5)%-(5#E.()%6(-".(,2.)%*()%6(-"./.E,/.(#*(2)-.&,/#S.6()*()(E0%6($,550-)%-7(

(

2.4 Introduction to Cost Benefit Analysis 
K<L(#*()%()22,0%-#%&(-.2"%#f0.(E,/(2)$-0/#%&(-".()63)%-)&.*()%6(6#*)63)%-)&.*(,E()%(

)2-#,%( #%(1,%.-)/+( -./1*'( *..( [/0$%#24( ;XWW\A7( G"#*( )2-#,%( 2)%( :.( )( $/,P.2-'( )( 8#*4(

K,%-/,5( R$-#,%( ;8KRA'( )( 1.6#2)5( #%-./3.%-#,%'( )( $,5#2+( ,/( )%+( ,-"./( 1.)*0/.7(

!0:-/)2-#%&(2,*-*( E/,1(:.%.E#-*(+#.56*( -".(%.-(:.%.E#-*( -,(*,2#.-+( ;)5*,( /.E.//.6( -,()*(

%.-( #1$/,3.1.%-*( #%( *,2#)5(9.5E)/.A7( L2-#,%*( -")-( #1$/,3.(9.5E)/.( ,/(9.55M:.#%&( )/.(

*0$./#,/(-,(-",*.(-")-(/.602.(#-7(O0/-"./1,/.'(K<L(2)%(:.(0*.6(-,(2)/6#%)55+(/)%4(-".1(

,%(-".(:)*#*(,E(-".#/(2")%&.(#%(9.55M:.#%&7(K<L(E,20*.*(,%(-".()&&/.&)-.(1.)*0/.*(,E(

9.55M:.#%&'(-)4#%&(-".(.D#*-#%&(6#*-/#:0-#,%(,E(#%2,1.()*(&#3.%7((

(

G".(:)*#2(2/#-./#,%(#*(-")-( #E(-".(6#*2,0%-.6($/.*.%-(3)50.(,E(-".(:.%.E#-*(.D2..6*(-".(

6#*2,0%-.6($/.*.%-(3)50.(,E(-".(2,*-*(-".%(-".()2-#,%(#*(9,/-"9"#5.7(G"#*(#*(.f0#3)5.%-(

-,( -".( *)+#%&( -")-( -".( %.-( :.%.E#-(10*-( :.( $,*#-#3.( ,/( -")-( -".( /)-#,( ,E( -".( $/.*.%-(

3)50.( ,E( -".( :.%.E#-*( -,( -".( $/.*.%-( 3)50.( ,E( -".( 2,*-*( 10*-( :.( &/.)-./( -")%( ,%.7(

G".,/.-#2)55+(*$.)4#%&'(-".("#&"./(-".(/)-#,(-".(:.--./(-".(/.&05)-#,%(#*7(^,9.3./(%,-.'(

-")-( -".( /)-#,( 2/#-./#,%( *",056( :.( )3,#6.6'( *..( !.2-#,%( X7Y7@7( G".( ):,3.M1.%-#,%.6(

.f0#3)5.%-(2/#-./#)()/.(-".(E,55,9#%&T(

(

F%(&.%./)5'(-".((%?#(2,1$,%.%-(2,%*#*-*(,E(-".(,%.M-#1.(;#%#-#)5A()%6(/0%%#%&(2,*-*(,E(

)%( 8KR'( 20105)-#%&( ,3./( -".( 5#E.-#1.(,E( -".( *+*-.17( G".(E/"/<;#*$)/-( #*(102"(1,/.(

#%-/#2)-.7( F-( 2)%( :.( )( /.602-#,%( #%( E)-)5#-#.*( ,/( )( :.%.E#-( -,( -".( .%3#/,%1.%-( ,/( )%(

.2,%,1#2( :.%.E#-( E/,1( $/.3.%-#%&( )( -,-)5( *"#$( 5,**7( K,*-( #*( 0*0)55+( .D$/.**.6( 0*#%&(

1,%.-)/+(0%#-*7(G,(:.():5.(-,(0*.()(2,11,%(6.%,1#%)-,/'()(1,%.-)/+(3)50.(")*(-,(:.(

&#3.%(E,/(-".(:.%.E#-(-,,7((

(

B
B C or B C 0 or 1

C
> ! > >



 
VALUATION AND EVALUATION TECHNIQUES 

52 

K<L(#*(#%6..6()(2,1$5.D($/,2.**()%6(")*($/)2-#2)5(6#EE#205-#.*(#%(.)2"(,E(#-*(*-.$*7(G".(

1)P,/( *-.$*( )/.(1,/.( ,/( 5.**(9.55( )22.$-.6( )%6( )/.( -".( E,55,9#%&( ;<,)/61)%( .-( )57'(

XWW=AT(

=7 !$.2#E+#%&(-".(*.-(,E()5-./%)-#3.($/,P.2-*(

X7 B.2#6.(9",*.(:.%.E#-*()%6(2,*-*()/.(*-)%6#%&(

V7 K)-)5,&0.(-".(#1$)2-*()%6(*.5.2-(1.)*0/.1.%-(#%6#2)-,/*(;0%#-*A(

\7 U/.6#2-(-".(#1$)2-*(f0)%-#-)-#3.5+(,3./(-".(5#E.(,E(-".($/,P.2-(

Y7 Q,%.-#S.()55(#1$)2-*(

@7 B#*2,0%-(2,*-*()%6(:.%.E#-*(-,(,:-)#%($/.*.%-(3)50.*((

`7 K,1$0-.((%.-($/.*.%-(3)50.*(;_UJA(E,/()55()5-./%)-#3.*(

?7 U./E,/1(*.%*#-#3#-+()%)5+*#*(

>7 Q)4.(/.2,11.%6)-#,%*(:)*.6(,%(!-.$(`()%6(?7(

(

K<L(*-)/-*(9#-"(-".(6.E#%#-#,%(,E(-".(*2,$.()%6(-".(*$.2#E#2)-#,%(,E()5-./%)-#3.*7(F%(-".(

*2,$.(,E(-"#*(9,/4(-".*.()5-./%)-#3.*()/.(-".(/#*4(2,%-/,5(1.)*0/.*(-")-()/.(6.E#%.6(#%(

-".($/.3#,0*(*-.$*(,E(-".(/#*4()**.**1.%-7(G".%'(-".($,$05)-#,%(;,/(*-)4.",56./*A(-")-(

*-)%6( -".( 2,*-*( )%6( -".( 2,%*.f0.%2.*( )/.( 6.2#6.67( F%( -".( %.D-( *-.$'( -".( )%)5+*-(

2)-)5,&0.*(-".(#1$)2-*(-")-()EE.2-(-".(0-#5#-+(,E(#%6#3#60)5*(9#-"(*-)%6#%&()%6($/.6#2-*(

-".1(,3./(-".(5#E.(,E(-".($/,P.2-7(_,-.(-")-(#%(*"#$$#%&(-".(5#E.(-#1.(,E()(*"#$(#*(#%(-".(

/)%&.( ,E( XWMVW( +.)/*7( !,1.-#1.*(9.(1)+( 2",,*.( -,( )22.**( -".( #1$)2-*( E,/( *",/-./(

-#1.( $./#,6*7( R%( -".( ,-"./( ")%6'( -"./.( )/.( /.)55+( ")/6( 2)*.*( 5#4.( *"#$( )#/( .1#**#,%*(

9"./.(-".(#1$)2-*(,E(-,6)+I*()2-#,%(9#55(:.(3#*#:5.(#%(-".(E)/(E0-0/.7((

(

_.D-( *-.$'( )%6( -".( 1,*-( 2,%-/,3./*#)5( ,%.'( #*( -,( 1,%.-#S.( )55( #1$)2-*7( Q,%.-#S#%&(

1.)%*()**#&%#%&(3)50.(#%()(1,%.-)/+(0%#-'(E,/(.D)1$5.(b!(6,55)/*7( F-(*",056(:.(%,-.6(

-")-(-"#*(3)50.*'(,/( H$/#2.*I'(6,(%,-(")3.(-".(*)1.(1.)%#%&()*(-".($/#2.(,E()($/,602-7(

G".*.(3)50.*()/.(1,/.(,/(5.**(0*.6(:.2)0*.(-"./.(#*(-".(%..6(-,(f0)%-#E+(-".(#1$)2-*(

#%()(2,11,%(0%#-(#%(,/6./(-,($./E,/1(2)5205)-#,%*7((

(

G".%( :.%.E#-*( )%6( 2,*-*( *",056( :.( 6#*2,0%-.6( -,( ,:-)#%( $/.*.%-( 3)50.*( )%6( -".(

6#EE./.%2.(:.-9..%(-".($/.*.%-(3)50.(,E( -".(:.%.E#-*()%6(-".(2,*-*'(9"#2"( #*( -".(%.-(

$/.*.%-(3)50.'(#*(2)5205)-.6(E,/(.)2"()5-./%)-#3.7(a#3.%(-".("#&"(0%2./-)#%-#.*(#%3,53.6(

#%( -".( $/.6#2-#,%( ,E( #1$)2-*( #-( #*( )63#*):5.( -,( $./E,/1( )( *.%*#-#3#-+( )%)5+*#*( -,(

#%3.*-#&)-.( -".( .EE.2-( ,E( -".(1,*-( #1$,/-)%-( $)/)1.-./*( -,( -".( %.-( $/.*.%-( 3)50.*7(

O#%)55+'( -".( )5-./%)-#3.*( -")-( ")3.( -".( 5)/&.*-( _UJ'( )5*,( -)4#%&( #%-,( -".( )22,0%-( -".(

/.*05-*(,E(-".(*.%*#-#3#-+()%)5+*#*'(*",056(:.(/.2,11.%6.6(E,/(#1$5.1.%-)-#,%7(

(
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2.4.1 Key Issues within Cost Benefit Analysis 
L5-",0&"(K<L(1)+()$$.)/()-()(E#/*-(&5)%2.()*(*,1.-"#%&(-")-(2)%(:.(.)*#5+($./E,/1.6(

-"./.()/.(1)%+($,#%-*(9"./.( -".()%)5+*-( *",056(:.(2)0-#,0*7(<.5,9(*,1.(4.+( #**0.*(

9#55( :.( :/#.E5+( )%)5+S.6( *,( -")-( -".( /.)6./( 2)%( E,55,9( -".( 6#*20**#,%( #%( -".( %.D-(

!.2-#,%*7(O,/(1,/.(6.-)#5*(-".(/.)6./(#*(/.E.//.6(-,(K<L(-.D-:,,4*(E,/(.D)1$5.(Q#*")%(

)%6( c0)"( ;XWW`A'( <,)/61)%( .-( )57( ;XWW=A'( 6.( 80*( ;XW=WA( )%6( ^)%5.+( )%6( <)/:#./(

;XWW>A'(-".(5)--./(E,20*#%&(,%(K<L()%6(.%3#/,%1.%-)5($,5#2+7((

 
=7(G".(/)-#,%)5.(:."#%6(K<L(#*(:)*.6(,%(9.5E)/.(.2,%,1#2*(

L*( 6#*20**.6( #%( !.2-#,%( X7='( K<L( ")*( )( 3./+( *-/,%&( -".,/.-#2)5( :)24&/,0%6( :)*.6( ,%(

9.5E)/.( .2,%,1#2*( )%6( #-*( /)-#,%)5.( #*( :)*.6( ,%( 9")-( #*( 4%,9%( )*( -".( [)56,/M^#24*(

2/#-./#,%T( 6Y& A$)18:& /@$9)*& ;+& (*$A0+*& 17& (%*& $%):& 17& 0@$/+& &E@$&E1))& 5(1%& 8$9)*& 79)):&
8$CA+%/(0+& 0@$/+& E@$& E1))& )$/+& (%*& /01))& ;+& ;+00+2& $77>;<,)/61)%( .-( )57'( XWW=A7( F%(

-".,/+( -"./.( %..6*( -,( :.( %,( 2,1$.%*)-#,%'( -".( 2,1$.%*)-#,%( #*( "+$,-".-#2)57(

^,9.3./(#E(5,*./*()/.(2,1$.%*)-.6(-"#*(9#55(/.*05-(#%()(U)/.-,(#1$/,3.1.%-7(G"./.E,/.'(

[)56,/M^#24*( 2/#-./#,%( $/,3#6.*( -".( :)*#*( E,/( -".( K<L( /05.( 9"#2"( 6.1)%6*( -")-( -".(

/.&05)-,/()6,$-*(-",*.($,5#2#.*(-")-(")3.($,*#-#3.(%.-(:.%.E#-*7(;6.(80*'(XW=WA7(

(

X7(G".(#1$,/-)%2.(,E(6#*2,0%-#%&(

<.%.E#-*()%6(2,*-*(,220//#%&(#%(6#EE./.%-(-#1.($./#,6*(9#-"#%(-".(5#E.-#1.(,E(-".($/,P.2-(

")3.( -,( :.( )&&/.&)-.6( -,( ,:-)#%( -".( %.-( $/.*.%-( 3)50.( ;_UJA7( ^,9.3./'( E,/( 1,*-(

#%6#3#60)5*( )( 6,55)/( -,6)+( ")*( 1,/.( 3)50.( -")-( )( 6,55)/( )E-./( ,%.( +.)/7( L2-0)55+'(

)**01#%&()(2,%*-)%-(6#*2,0%-(/)-.(;W~/~=A()($/.*.%-()1,0%-(U(")*()(3)50.(,E(O()-(*,1.(

E0-0/.($,#%-( #%(-#1.()E-./(G($./#,6*(;0*0)55+(+.)/*A(2)%(:.(.*-#1)-.6(:+(-".(E,55,9#%&(

*#1$5.(.f0)-#,%(T(

( ( (((((((((Nf7(XM=(

L55()2-#,%*(")3.()%()**,2#)-.6(E5,9(,E(2,*-*()%6(:.%.E#-*(60/#%&(-".#/(5#E.(-#1.(;G(+.)/*A(

-")-(")3.(-,(:.()66.6(-,(,:-)#%(-".(_UJ7(G".(%.-($/.*.%-(3)50.(;_UJA(,E(#1$5.1.%-#%&(

)(/#*4(2,%-/,5(1.)*0/.(#*(2)5205)-.6(0*#%&(-".(E,55,9#%&(.f0)-#,%T(

(

( ( Nf7(XMX(

(

9"./.(<-()/.(:.%.E#-*(#%($./#,6(-C(

K-(-".(2,*-*(#%($./#,6(-C(

/(#*(/)-.(0*.6(E,/(6#*2,0%-#%&(;$./($./#,6AC()%6(

G(-".(%01:./(,E($./#,6*(;0*0)55+(+.)/*A(-".($/,P.2-(9#55(5)*-7(

(

(

TF P (1 r)= ! +

T
t t

t
t 0

B CNPV
(1 r)=

!
=

+"
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G,(6#*2,0%-()(E5,9(,E(%(.f0)5()1,0%-*(L(;2)%(:.(2,*-*(,/(:.%.E#-*A(-")-(#%20/()-(/.&05)/(

#%-./3)5*( ;E7.( )-( -".( .%6( ,E( .)2"( $./#,6( E,/( )( -,-)5( ,E( G( $./#,6*A( )**01#%&( -")-( -".(

6#*2,0%-( /)-.( #*( 2,%*-)%-'( -".%( #-( 2)%( :.( .)*#5+( *",9%( ;*..( E,/( .D)1$5.( </.)5.+( )%6(

Q.+./*(;XWWVA()%6(6.(80#*(;XW=WAA(-")-(-".($/.*.%-(3)50.(U(,E(E,/(-"#*(1,%.+(E5,9(#*T(

((((((((((Nf7(XMV(

(

R:3#,0*5+( -".( 2",#2.( ,E( )( 6#*2,0%-/)-.( 2)%( :.( 6#EE#205-'( :0-(1)%+( ,/&)%#S)-#,%*( -")-(

2,%602-( )%)5+*.*( ")3.( *-)%6)/6( /)-.*( -,( 0*.( #%( -".#/( )%)5+*.*7( O,/( .D)1$5.'( -".( b[(

^.)5-"()%6(!)E.-+(ND.20-#3.(;^!NA(0*.*()%(.EE.2-#3.(6#*2,0%-(/)-.(E,/(".)5-"()%6(*)E.-+(

:.%.E#-*(,E( =7Y�( E,/(:.%.E#-*( )22/0#%&(0$( -,(VW( +.)/*( #%( -".( E0-0/.7( O0/-"./1,/.'(b!(

REE#2.(,E(Q)%)&.1.%-()%6(<06&.-(#%(K#/205)/(LM>\(;a0#6.5#%.*()%6(B#*2,0%-(8)-.*(E,/(

<.%.E#-MK,*-( L%)5+*#*( ,E( O.6./)5( U/,&/)1*A( &#3.*( )%( 0$$./( :,0%6( ,E( `�( E,/( E.6./)5(

$/,P.2-*7( F%(1,*-(O!L(*-06#.*(3)50.*(,E(V�()%6(Y�(")3.(:..%(0*.6(.D-.%*#3.5+7(_,-.(

-")-(",$.E055+(.%,0&"(5#E.-#1.(,E(/#*4(2,%-/,5(1.)*0/.*(/.&)/6#%&(3.**.5*(#*(1)D#101(

XW(-,(VW(+.)/*7(

(

^,9.3./'( 6#*2,0%-#%&( ,3./( 3./+( 5,%&( -#1.( ",/#S,%*( #*( 2,1$5#2)-.6( 1)#%5+( :.2)0*.(

-".*.( #%3.*-1.%-*( #%3,53.( &/.)-./( 0%2./-)#%-+( )%6( #%( *,1.( 2)*.*( ;E,/( .D)1$5.'(

/.&)/6#%&(KRX( E0-0/.(&.%./)-#,%*()/.()EE.2-.67(O,/( -"#*( /.)*,%'(.-"#2)5()/&01.%-*( E,/(

0*#%&( 5,9( ,/( S./,( 6#*2,0%-( /)-.*( E,/( 5,%&M-./1( $/,P.2-*( )/.(9#6.*$/.)67( R%.( ,E( -".(

1,*-()22.$-.6($/)2-#2.*(#*(-".(0*.(,E("+$./:,5#2(6#*2,0%-#%&(9"#2"(#*(-,(/)#*.(-".(#%#-#)5(

6#*2,0%-( /)-.( /.5)-#3.( -,( -".(.D$,%.%-#)5( /)-.()%6( -".%( 5,9./( -".( /)-.( #%( 5)-./(+.)/*7(

G"#*( #*( -,( ,3./2,1.( -".( 2,%2./%( ,E( .%3#/,%1.%-)5( .2,%,1#*-*( -")-( :.5#.3.( 0*#%&(

.D$,%.%-#)5(6#*2,0%-#%&(;9"#2"(#*(9")-(9.(6,(#%($/,P.2-*(9#-"(*",/-(5#E.-#1.A($.%)5#S.*(

/#*4( 2,%-/,5( ,$-#,%( ;,/( $/,P.2-*A( 9",*.( :.%.E#-*( )/.( /.)5#S.6( #%( -".( 5,%&( -./1( ;E7.(

/.602#%&()#/(.1#**#,%*A7(b%5#4.(.D$,%.%-#)5(6#*2,0%-#%&(9"#2"(#*(9")-(9.(6,(#%($/,P.2-*(

9#-"(*",/-(5#E.-#1.'(9#-"("+$./:,5#2(6#*2,0%-#%&(-".($/.*.%-(3)50.(,E(:.%.E#-*()%6(2,*-*(

-")-( ,220/( #%( -".( 6#*-)%-( E0-0/.( 6,.*( )EE.2-( -".( $/,E#-):#5#-+( ,E( -".( $/,P.2-( ;6.( 80#*'(

XW=WA7(

(

V7(!.5.2-#,%(:.-9..%()2-#,%*(9#-"(6#EE./.%-(5#E.*$)%*(

R:3#,0*5+'(-"#%&*()/.(.)*+(9".%()(K<L(#*(:.#%&(2,%602-.6(E,/(-".(.2,%,1#2()$$/)#*)5(

,E( )( *#%&5.( $/,P.2-( ",9.3./( -")-( #*( %,-( -".( 2)*.(9".%( 2",,*#%&( )1,%&( )5-./%)-#3.*7(

L5-./%)-#3.*( 10*-( :.( 2,1$)/):5.( 9"#2"( )2-0)55+( &,.*( :.+,%6( ")3#%&( -".( *)1.(

6#*2,0%-( /)-.7( L5-./%)-#3.*(10*-( ")3.( -".( *)1.( 5#E.*$)%7(R%.(9)+( -,( ,3./2,1.( -"#*(

6#EE#205-+( #*( -,( 2)5205)-.( -".( *,M2)55.6( .f0#3)5.%-( )%%0)5( %.-( :.%.E#-*( ,/( 2,*-'( *..( E,/(

.D)1$5.(<,)/61)%(.-()57;XWW=A'(</.)5.+()%6(Q.+./*(;XWWVA()%6(6.(80#*(;XW=WA7((

T T

T T T
t 1

1 1 (1 r) 1 APV A A
r r(1 r) r(1 r) (1 r)=

! "! " + #
= $ # = $ =% &% &+ + +' ( ' (

)
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\7(B.2#*#,%(K/#-./#)(

F%( -".( 5#-./)-0/.'( )( 2,0$5.( ,E( 2/#-./#)( E,/( .2,%,1#2( )$$/)#*)5( )/.( :.#%&( 0*.6'( E,/(

.D)1$5.(-",*.(:)*.6(,%(-".(%.-($/.*.%-(3)50.'(-".(2,*-(:.%.E#-(/)-#,()%6(-".(#%-./%)5(

/)-.(,E(/.-0/%(;-".(#%-./.*-(/)-.(E,/(9"#2"(_UJvWA(-,(%)1.()(E.97(

(

F%( -".( 2)*.(,E(,%5+(,%.()2-#,%( ;-"#*( 2)%()5*,(:.( *..%()*( )%()5-./%)-#3.( -,( -".( H*-)-0*(

f0,IA(-".(6.2#*#,%(/05.(#*(*#1$5.(T(Y%&$A01$%&K(801$%.&A2$<+80&$2&21/3&8$%02$)&$A01$%L&0@(0&
@(/&(&A$/101=+&]4'&/@$9)*&;+&8$%/1*+2+*&0$&;+&2+8$CC+%*+*&7$2&1CA)+C+%0(01$%?&<,-"(
-".( 2/#-./#)( :)*.6( ,%( /)-#,*( ;2,*-e:.%.E#-( ,/( :.%.E#-e2,*-A( )%6( -".(_UJ( 2/#-./#,%(9#55(

+#.56( -".( *)1.( /.*05-7( ^,9.3./( 2",,*#%&( )1,%&( )5-./%)-#3.*( #*( 102"( 1,/.(

2,1$5#2)-.67(L51,*-()55(-.D-:,,4*(,%(K<L()%6(1)%+(,%(E#%)%2.()&/..(-")-(_UJ(*",056(

:.( -".( ,%5+( 2/#-./#,%( 0*.67( F%( </.)5.+( )%6(Q.+./*( ;XWWVA( -"./.( #*( )( 9",5.( 2")$-./(

.%-#-5.6( !T@:& ]+0& 42+/+%0& '()9+& b+(*/& 0$& V+00+2& F%=+/0C+%0& ^+81/1$%/& W@(%& H0@+2&
J210+21(!7((R%.(,E(-".(1)#%(/.)*,%*(#*(-")-(/)-#,*(6,(%,-(-)4.(#%-,()22,0%-(-".(*2)5.'(*..(

!.2-#,%(X7Y7@7(

&

2.5 Introduction to Cost Effectiveness Analysis (CEA) 
KNL'(9"#2"( #*( -".(1,*-( 2,11,%(1.-",6(0*.6( #%( ".)5-"( .2,%,1#2*( ;*..(a)/:./( )%6(

U".5$*'( =>>`C( g.#%*-.#%( )%6( Q)%%#%&'( =>>`Ca,56( .-( )57'( =>>@C</,09./( )%6(

[,,$1)%*2")$'( XWWWA( #*( )( 2,%*#6./.6( :+( 1)%+( ;.7&7( Q#*")%( )%6( c0)"'XWW`C(

[/0$%#24'XWW\A( )*( $)/-#205)/( E,/1( ,E( K<L'( 9"./.( -".( :.%.E#-*( )/.( 0*0)55+( %,-(

1,%.-#S.6'()%6(-"./.E,/.'(%.-(:.%.E#-*(2)%%,-(:.(2)5205)-.67(F%(-".(2)*.(,E(n%.-(2,*-M

.EE.2-#3.%.**()%)5+*#*o()%+(1,%.-#S.6(:.%.E#-*(,E()($,5#2+()/.( *0:-/)2-.6( E/,1(2,*-*7(

b*0)55+'(#%(KNL'(,%.(2)5205)-.*(2,*-*($./(0%#-(,E()%(.EE.2-#3.%.**(1.)*0/.(;*02"()*(5#3.*(

*)3.6A7( G"./.E,/.'(9"#5.( KNL( 2)%%,-( ".5$( #%( 6.-./1#%#%&(9".-"./( )( $,5#2+( #%2/.)*.*(

*,2#)5(9.5E)/.'(#-(2)%(".5$(#%(-".(2",#2.(,E($,5#2+(-")-()2"#.3.*(-".(*$.2#E#.6(&,)5(9#-"(

-".(*1)55.*-(5,**(#%(*,2#)5(9.55M:.#%&()%6(2)%(".5$(/)%4()5-./%)-#3.($,5#2#.*()22,/6#%&(-,(

-".#/(2,*-M.EE.2-#3.%.**(;[/0$%#24'(XWW\A7L*(:/#.E5+(6#*20**.6(#%(!.2-#,%(1)%+(2,%*#6./(

KNL(-,(")3.(#-(-".,/.-#2)5(:)24&/,0%6(#%(.D-/)M9.5E)/#*1(;.7&7(K05+./'(=>>=A(

2.5.1 Incremental cost-effectiveness ratios (ICER) 
G".()%)5+-#2)5(-,,5(,E(KNL(#*(-".(;"($/F/"#-B*(%?#D/<</(#;H/"/??*$-#;%(;FKN8A'()5*,(2)55.6(

1)/&#%)5(2,*-M.EE.2-#3.%.**(/)-#,'(&#3.%(:+(-".(6#EE./.%2.(#%(2,*-*(:.-9..%(-9,()2-#,%*(

6#3#6.6( :+( -".( 6#EE./.%2.( #%( ,0-2,1.*( :.-9..%( -".*.( -9,( 9#-"( -".( 2,1$)/#*,%(

-+$#2)55+(:.#%&(:.-9..%()%()2-#,%(-")-(#*($/,$,*.6(-,(:.(#1$5.1.%-.6()%6(-".(20//.%-(

*#-0)-#,%7( G".(0*.(,E( KNL( )%6( FKN8( #*( .D-.%*#3.( #%( ".)5-"( .2,%,1#2*(9"./.( -".( FKN8(

3)50.()#6*(-".(6.2#*#,%(1)4./(-,()6,$-(,/(%,-(".)5-"M/.5)-.6($/,&/)1*7(
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F%(-".(20//.%-(O!L(&0#6.5#%.*(-".(2,*-(-,()3./-(2/#-./#,%(-")-(9.($/.*.%-.6():,3.(0*.*()(

*#1#5)/( )$$/,)2"7( G,( :.( 1,/.( *$.2#E#2'( #%( -".( 2,%-.D-( ,E( O!L'( )%( #%2/.1.%-)5( 2,*-M

.EE.2-#3.%.**(/)-#,(#*(0*.6(:0-(#%(1,*-(2)*.*(:.%.E#-*()/.()5*,(-)4.%(#%-,()22,0%-(;-")-(

#*( -".( 2)*.( ,E( %.-( KNLA'( ",9.3./'( :.%.E#-*( )/.( )5*,( 1,%.-#S.67( !#1#5)/'( 2,*-M

.EE.2-#3.%.**( #%6#2.*( 2)%( :.( 2,%*-/02-.6( -,( )**.**( .%3#/,%1.%-)5( /#*4*'( *02"( )*( ,#5(

$,550-#,%()%6(a^a(.1#**#,%*7( F%(-".(*2,$.(,E(-"#*($)$./'(-".(E,55,9#%&(#%6#2.*(2)%(:.(

E,/105)-.6()*()(&.%./)5#S)-#,%(,E(-".(KLO(#%6.D(T(

a/,**(K,*-(NEE.2-#3.%.**(F%6.D(;aKNFA(

( ( ( ( ( ( Nf7(XM\(

_.-(K,*-(NEE.2-#3.%.**(F%6.D;_KNFA(

( ( ( ( ( Nf7(XMY(

9"./.((

|K(#*(-".(2,*-($./(*"#$(,E(-".()2-#,%(;.&7(1.)*0/.'(/#*4(2,%-/,5(,$-#,%A(0%6./(2,%*#6./)-#,%((;uA(

|<(#*(-".(.2,%,1#2(:.%.E#-($./(*"#$(/.*05-#%&(E/,1(-".(#1$5.1.%-)-#,%(;uA'()%6(

|8(#*(-".(/#*4(/.602-#,%($./(*"#$'(#%(-./1*(,E(-".(%01:./(,E(5#3.*()3./-.67(

(

_,-.(-")-( #%(-".(O!L(a0#6.5#%.*(|8( #*( -".(/#*4(/.602-#,%( #%(-./1*(,E( E)-)5#-#.*()3./-.6(

)%6( -".( /.5)-#3.( #%6#2.*( )/.( 2)55.6(I+AJ( ;_.-( K,*-( ,E( L3./-#%&( L( O)-)5#-+A( )%6(K+AJ(

;a/,**(K,*-(,E(L3./-#%&()(O)-)5#-+A7(G".(/)-#,%)5.(,E(:,-"(#%6#2.*(2)%(:.(.D-.%6(-,(,-"./'(

-")%(".)5-"()%6( *)E.-+'( .EE.2-*( *02"()*($,550-#,%'( )*( #-(9#55( :.()%)5+S.6( #%( -".(%.D-(V(

K")$-./*7( G".( %.-( #%6.D( 2)%( )5*,( -)4.( #%-,( )22,0%-( *02"( 1,%.-)/+( /#*4( #%( -".( |}7(

^,9.3./'(-".(#%6.D(2)%(,%5+(0*.(,%.(%,%M1,%.-)/+(.EE.2-'((-")-(9#55(:.(|87(

(

F%()66#-#,%'(E/,1()(-".,/.-#2($./*$.2-#3.'(9".%(-".(-9,()2-#,%*()/.(#%6.$.%6.%-(]-")-(

#*'(9"./.(2,*-*()%6(.EE.2-*(,E(,%.()2-#,%()/.(%,-()EE.2-.6(:+( -".( #%-/,602-#,%(,E( -".(

,-"./()2-#,%(]()%6(-",*.(-")-()/.(10-0)55+(.D250*#3.](-")-(#*'(9"./.(#1$5.1.%-#%&(,%.(

1.)*0/.(-".(,-"./(2)%%,-(:.(#1$5.1.%-.6M(-".%(-".(2,*-(.EE.2-#3.%.**(/)-#,*(2)%()5*,(

:.( 0*.67( F%( -")-( *.%*.'( -".( 6#EE./.%2.*( 0*.6( #%( -".( ):,3.( /)-#,*( )/.( )5*,(1#*5.)6#%&(

*#%2.(9.()/.(-)54#%&():,0-()2-0)5(2,*-*()%6(%,-(6#EE./.%2.*7(

(

F%(&.%./)5'(-".((%?#(2,1$,%.%-(2,%*#*-*(,E(-".(,%.M-#1.(;#%#-#)5A()%6(/0%%#%&(2,*-*(,E(

)%( 8KR'( 20105)-#%&( ,3./( -".( 5#E.-#1.(,E( -".( *+*-.17( G".(E/"/<;#*$)/-( #*(102"(1,/.(

#%-/#2)-.7( F-( 2)%( :.( )( /.602-#,%( #%( E)-)5#-#.*( ,/( )( :.%.E#-( -,( -".( .%3#/,%1.%-'( )*(

.D$5)#%.6(E0/-"./(:.5,9'(,/()%(.2,%,1#2(:.%.E#-(E/,1($/.3.%-#%&()(-,-)5(*"#$(5,**7(K,*-(

#*(0*0)55+(.D$/.**.6(0*#%&(1,%.-)/+(0%#-*7(G,(:.():5.(-,(0*.()(2,11,%(6.%,1#%)-,/'()(

1,%.-)/+(3)50.(")*(-,(:.(&#3.%(E,/(-".(:.%.E#-(-,,7(^,9.3./'(-".(,0-2,1.(2,056()5*,(

:.(1.)*0/.6(#%(0%#-*(/.5.3)%-(-,(-".($0/$,*.(,E(-".()**.**1.%-'(-")-(#*'(-,%%.*(,E(,#5(

CGCEI
R
!

=
!

C BNCEI
R

! "!
=

!
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*$#5-()3./-.6(#%(-".(2)*.(,E(,#5($,550-#,%'(-,%%.*(,E(2)/:,%(6#,D#6.()3./-.6(#%(-".(2)*.(,E(

KRX(.1#**#,%*()%6(*,(,%(;*..(/.5.3)%-(!.2-#,%*A7(

LE-./(-".(.*-#1)-#,%*(,%(2,*-()%6(:.%.E#-'(-".*.(3)50.*()/.(2,1:#%.6(9#-"(-".(/<</(#(,E(

-".( 1.)*0/.( ;-".( *,M2)55.6( H8#*4( 8.602-#,%I( #%( -".( O!L( 2,%-.D-A( :+( 0*#%&( -".( 2,*-(

.EE.2-#3.%.**( #%6#2.*7( K")%&.( #%( ,0-2,1.*( 2)%( :.( %.&)-#3.( ,/( $,*#-#3.C( ",9.3./(9.(

.D$.2-(-")-()%(O!L(*",056()#1(-,(/.602.(-".(")/1E05(,0-2,1.7(_,-.(-")-(-".(2)*.(,E(

%.&)-#3.(2")%&.*(#%(,0-2,1.*(#*()%(#%-./.*-#%&(,%.()%6(6.*./3.*(E0/-"./(#%3.*-#&)-#,%7(

2.5.2 ICER Thresholds 
F%( -".( ".)5-"2)/.( *.2-,/'( $/,&/)1*( 9#-"( FKN8*( -")-( 5#.( :.5,9( )( *$.2#E#2( -"/.*",56'(

/.E.//.6(-,()*(5)16)(;ÄA(3)50.'()/.(6..1.6(-,(:.(2,*-(.EE.2-#3.()%6(*",056(:.()6,$-.67(

F%(1,*-(,E(-".(2)*.*'(ÄM3)50.(#*(.D$/.**.6(#%(u($./(cLZd'(-")-( #*(c0)5#-+(L6P0*-.6(Z#E.(

d.)/(;*..(!.2-#,%(V7`(:.5,9A7(L22,/6#%&(-,(-".(B#2-#,%)/+(,E(^.)5-"(N2,%,1#2*(;K05+./'(

XWW?A( -".( FKN8(-"/.*",56( #*(n0@+&C(#1C9C&(88+A0(;)+& 1%82+C+%0()&8$/0c+77+801=+%+//&
2(01$&(88+A0(;)+& 0$&(&*+81/1$%&C(3+2?&V+:$%*&0@1/& 0@2+/@$)*.&@+()0@&8(2+& 0+8@%$)$51+/&
E1))&%$0&;+&(*$A0+*&$%&+77181+%8:&52$9%*/&()$%+7o(
(

a.%./)55+(*$.)4#%&'()(-"/.*",56(Ä(#*()(3)50.(.D$/.**.6(#%(1,%.-)/+(-./1*(,/(0%#-*(*02"(

)*(b!(6,55)/*($./(%01:./(,E(E)-)5#-#.*()3./-.6'(b!(6,55)/*($./(-,%%.(,E($,550-)%-(;KRX'(

,#5(.-2A()3./-.6()%6(*,(,%7((

(
O#&7(XM==T(G".(2,*-(.EE.2-#3.%.**($5)%.(M(!,0/2.(K05+./;XWWYA(

(

O#&7(XM==( ( #550*-/)-.*(-".(E,0/Mf0)6/)%-(E#&0/.(,E(2,*-(6#EE./.%2.($5,--.6()&)#%*-(.EE.2-(

6#EE./.%2.7(L2-#,%*(-")-( 5#.( #%( FF()%6( FJ(f0)6/)%-(")3.(%.&)-#3.(%.-(2,*-(.EE.2-#3.%.**(

;KNFA( /)-#,( )%6( *",056( :.( )66/.**.6(9#-"( .D-/.1.( 2)0-#,%7( Z.-( -"./.( :.( )(1)D#101(

)1,0%-()(6.2#*#,%(1)4./(9#55($)+(E,/()%( #%2/.1.%-(,E(,0-2,1.(;|"A( #%6#2)-.6(:+(-".(
6,--.6(5#%.(Ä7(L55($,#%-*(:.5,9(Ä()/.(#%(-".(H/.&#,%(,E()22.$-):#5#-+I(;%,-.(-")-(|Je|"&#*(
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5,9./(]()2-0)55+(%.&)-#3.(](-")%(Ä(#%(f0)6/)%-(FJ'(:0-(-")-(-"#*(f0)6/)%-(2)%%,-(:.(#%(

-".(/.&#,%(,E()22.$-):#5#-+(*#%2.(|"&#*(%.&)-#3.A7((
(

g.( 9)%-( -,( .5):,/)-.( )( 5#--5.( ,%( -".( #1$,/-)%-( 2)*.( ,E( %.&)-#3.( 2,*-( .EE.2-#3.%.**(

#%6#2.*(.*$.2#)55+(60.(-,()%(#%2/.)*.(#%(-".(,0-2,1.(;|N(#*(%.&)-#3.A7(8#*4(L%)5+*#*(2)%(

)5*,( :.( 0*.6( -,( )**.**( *02"( 2)*.*'( )5-",0&"( :+( 6.E#%#-#,%( -"#*( #*( %,-( -".( 2)*.(9".%(

0*#%&(O,/1)5(!)E.-+(L**.**1.%-7(_,-.(-")-(#%(-"#*(2)*.()%()2-#,%(#*(2,*-(.EE.2-#3.(#E'()%6(

,%5+(#E(-".(FKN8(#*(a8NLGN8(-")%(Ä(;*..(-".(K,*-(NEE.2-#3.%.**(U5)%.(#550*-/)-.6(#%(O#&7XM

==A7(G")-(#*(-".(/.)*,%#%&(:."#%6(-".(%..6(-,(0*.(-".():*,50-.(3)50.*(,E(;|KM|<A(9".%(

6.)5#%&(9#-"(%.&)-#3.(_KNF7((

(

O0/-"./1,/.'(O#&7XM=X(9)*(2,%*-/02-.6(0%6./(-".(*-)%6)/6()**01$-#,%(-")-(-"./.(#*()(

5#--5.(6#EE./.%2.(:.-9..%()($./*,%I*(9#55#%&%.**(-,($)+(;gGUA()%6(9#55#%&%.**(-,()22.$-(

;gGLA'( *..( Rr</#.%( .-( )57( ;XWWXA( )%6( [5,4( )%6( U,*-1)( ;XWW\A7( G".( gGL( #*( -".(

2,1$.%*)-#,%( -")-( )( $./*,%( #*( 9#55#%&( -,( )22.$-( #%( -".( 2)*.( ,E( %.&)-#3.( ,0-2,1.7(

L22,/6#%&( -,(:)*#2(0-#5#-+( -".,/+( ;*..([)"%.1)%()%6(G3./*4+( ;=>`>AA(gGL( *",056(:.(

&/.)-./( -")%(gGU7( O0/-"./1,/.'( -".+( )/&0.( -")-( -"#*( 6#*$)/#-+( #*( )( /.*05-( ,E( -".( *,M

2)55.6(n.%6,91.%-(.EE.2-o()22,/6#%&( -,(9"#2"($.,$5.(3)50.(&,,6*(1,/.("#&"5+(,%2.(

-".+(,9%(-".1(]($./")$*(-".(/.*05-(,E()(*,/-(,E(5,**()3./*#,%(9"./.:+(2",#2.*()/.(*..%(

#%(-./1*(,E(&)#%*(,/(5,**.*(/.5)-#3.(-,(-".#/(20//.%-(.%6,91.%-7(R-"./(/.)*,%*(E,/(-"#*(

6#*$)/#-+(2)%(:.(E,0%6(#%(Rr</#.%(.-()57(;XWWXA()%6([5,4()%6(U,*-1)(;XWW\A7(

(
O#&7(XM=XT(G".(2,*-(.EE.2-#3.%.**($5)%.(](!,0/2.T([5,4()%6(U,*-1)(;XWW\A(

(

G"0*'(-"./.(#*(.%,0&"(.3#6.%2.(-")-(-".(-"/.*",56(Ä(-")-(6#3#6.*(-".($5)%.(#%-,(-".(2,*-(

.EE.2-#3.()%6(%,%(2,*-(.EE.2-#3.(/.&#,%*( #*(_RG()(*-/)#&"-( 5#%.7(G"#*(1.)%*(-")-( #%(-".(

2)*.*(9"./.(-".(|N(#*(%.&)-#3.(-".(.EE.2-#3.%.**(-"/.*",56(*",056(:.(6#EE./.%-7(((F%(-".(

2,%-.D-(,E(-".($/.*.%-(9,/4(%.&)-#3.(2")%&.(#%(,0-2,1.*(9#55(%,-(:.(E0/-"./()%)5+S.6(

:0-(#*(6.E#%#-.5+()%(#1$,/-)%-()/.)(E,/(E0-0/.(/.*.)/2"7(
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2.5.3 More on the decision rules of CEA 
l,")%%.**,%( ;=>>\A( ")*( *-/.**.6( ,0-( -".( 1#*0%6./*-,,6( 6#*-#%2-#,%( :.-9..%(

#%2/.1.%-)5( ;1)/&#%)5A( 2,*-(.EE.2-#3.%.**( /)-#,*()%6()3./)&.(2,*-M.EE.2-#3.%.**( /)-#,*(

9"#2"( #*( #1$,/-)%-( D1%& $2*+2& 0$& *177+2+%01(0+& ;+0E++%& 8@$18+/& (C$%5& 1%*+A+%*+%0&
A2$52(C/& K+?5?.& ;)$$*& A2+//92+& 8$%02$)& =+2/9/& 9)8+2& 02+(0C+%0L& (%*& 8@$18+/& (C$%5&
C909()):&+#8)9/1=+&A2$52(C/&K+?5?.&*177+2+%0&*295/&0$&8$%02$)&@15@&;)$$*&A2+//92+L?D&&
(

G".( 6.2#*#,%( /05.*( :)*.6(,%(g.#%*-.#%( )%6( m.24")0*./( ;=>`VA( )%6(g.#%*-.#%( ;=>>WA(

-")-( 9./.( 6.*2/#:.6( #%( l,")%%.**,%( ;=>>\A( *")55( %,9( :.( $/.*.%-.67( G".( ,$-#1)5(

6.2#*#,%(/05.(#%(,/6./(-,(2",,*.(:.-9..%()(%01:./(,E(#%6.$.%6.%-($/,&/)1*(;0%6./()(

:06&.-( 2,%*-/)#%A( #*( -,( /)%4( -".( $/,&/)1*( E/,1( -".( 5,9.*-( -,( -".( "#&".*-( 2,*-(

.EE.2-#3.%.**( /)-#,( ;.7&7'( 6,55)/*( $./( )3./-.6( 5#E.A( )%6( -,( *.5.2-( $/,&/)1*( E/,1( -"#*(

/)%4#%&(5#*-(0%-#5(-".(:06&.-(#*(.D")0*-.6(;g.#%*-.#%()%6(m.24")0*./'(=>`VA7(

(

R%(-".(,-"./(")%6'(-"./.()/.(2)*.*(9"./.()(%01:./(,E(6#EE./.%-()5-./%)-#3.*(;10-0)55+(

.D250*#3.( ,$-#,%*A( )/.( )3)#5):5.7( F%( -"#*( 2)*.'( -".( )5-./%)-#3.*( *",056( :.( E#/*-( /)%4.6(

)22,/6#%&(-,(-".#/(.EE.2-#3.%.**(;#%(-./1*(,E(/#*4(/.602-#,%A()%6(-".%(-".( #%2/.1.%-)5(

2,*-M.EE.2-#3.%.**( /)-#,( E,/( .)2"( *022.**#3.5+( 1,/.( .EE.2-#3.( $/,&/)1( *",056( :.(

2)5205)-.6(;.7&7'(-".(#%2/.1.%-)5(2,*-(6#3#6.6(:+(-".(#%2/.1.%-)5(&)#%(#%(.EE.2-*A7(FE()%+(

,E(-".*.(#%2/.1.%-)5(/)-#,*(#*(5.**(-")%(-".($/.3#,0*(,%.(#%(-".(/)%4#%&(,E(#%2/.)*#%&5+(

1,/.(.EE.2-#3.( ;10-0)55+(.D250*#3.A($/,&/)1*'( -".%(-".( 5.**(.EE.2-#3.(,%.( #*(.D2506.6(

E/,1(-".(5#*-()*(6,1#%)-.6'()%6(#-(*",056(%.3./(:.(#1$5.1.%-.67(G"#*(#*(#//.*$.2-#3.(,E(

-".( *#S.( ,E( -".( :06&.-( ;g.#%*-.#%'=>>WA7( G".%'( -".( #%2/.1.%-)5( /)-#,*( *",056( :.(

2)5205)-.6( )&)#%( ;9#-"( -".( 6,1#%)-.6( )5-./%)-#3.( .D2506.6A'( )%6( -"#*( $/,2.**( #*(

/.$.)-.6( 0%-#5( )( %01:./( ,E( $/,&/)1*(9#-"( #%2/.)*#%&( #%2/.1.%-)5( 2,*-M.EE.2-#3.%.**(

/)-#,*( /.1)#%*7( G"#*( )5&,/#-"1( /.*05-*( #%( )%( ,/6./#%&( ,E( $/,&/)1*( ;9#-"( #%2/.)*#%&(

#%2/.1.%-)5(/)-#,*A()%6(-".(,$-#1)5(6.2#*#,%(#*(-,(1,3.(0$(-".(5#*-(,E(#%2/.1.%-)5(/)-#,*(

)%6(*022.**#3.5+(/.$5)2.()(5.**(.EE.2-#3.($/,&/)1(9#-"()(1,/.(.EE.2-#3.($/,&/)1(0%-#5(

-".( :06&.-( 5#1#-( #*( /.)2".67( F%( -".( 2)*.( ,E(10-0)55+( .D250*#3.( $/,&/)1*(9.( )/.( %,-(

-)54#%&():,0-(/)%4#%&(5#*-*(*#%2.(,%5+(,%.($/,&/)1(2)%(:.(#1$5.1.%-.6()%6(-")-(9#55(:.(

-".( ,%.( -")-( 1..-*( -".( :06&.-( 2,%*-/)#%7( _,-.( -")-( )( *#1#5)/( $/,2.60/.( 2)%( :.(

E,55,9.6( #%( -".( &.%./#2( 2)*.( 9"./.( ( ( )( %01:./( ,E( 250*-./*( ,E( 10-0)55+( .D250*#3.(

$/,&/)1*()/.()3)#5):5.7(

2.5.4 Priority of Indices 
F-( 2)%(:.(*..%( -")-( #E(|}{W( ;)( /.)*,%):5.()**01$-#,%( #E( -".(1.)*0/.( #%(f0.*-#,%(9#55(

/.*05-( -,( *,1.( $,*#-#3.( .2,%,1#2( :.%.E#-A'( -".%( #E( -".( 1.)*0/.( *)-#*E#.*( -".( aKNF(

2/#-./#,%(;|K~Ä|8A'(#-(9#55()59)+*(*)-#*E+(-".(_KNF(2/#-./#,%()*(9.55(;|K~Ä|8h|}A7(F%(-")-(

*.%*.'(-".(aKNF(2/#-./#,%(6,1#%)-.*(-".(_KNF(,%.7(G".(,$$,*#-.(#*(%,-(%.2.**)/#5+(-".(
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2)*.7( !#1#5)/5+'( )*( )( /.*05-( ,E( -"#*( $/,$./-+'( #-( ")*( :..%( $/,$,*.6( :+( 1)%+( O!L(

/.3#.9./*(-")-(E#/*-($/#,/#-+(*",056(:.(&#3.%(-,(aKLO'()*(,$$,*.6(-,(_KLO(;*..(-".(O!L(

a0#6.5#%.*A7(

2.5.5 Negative Cost Effectiveness Values 
g".%( 2,1$)/#%&( -9,( )2-#,%*( )( %.&)-#3.( |Å( 3)50.( 1)+( :.( /.)*,%):5.7( ^,9.3./'( #%(

1,*-(2)*.*()(/#*4()**.**1.%-(#*($./E,/1.6(#%(,/6./(-,(#1$5.1.%-()%()2-#,%(9"#2"(9#55(

#%2/.)*.( -".( 20//.%-( *)E.-+( 5.3.5( ,/( /.602.( -".( /#*4( ,E( .%3#/,%1.%-)5( ")/1( 9"#2"(

#1$5#.*()($,*#-#3.(|Å7(G"0*'(9".%(E#&0/.*(,E(aKNF()%6(_KNF()/.($,*#-#3.'(-".#/(1.)%#%&*(

)/.( 0%6./*-)%6):5.7( ^,9.3./'( 9".%( -".( 3)50.*( :.2,1.( %.&)-#3.( -"#*(1)+( :.(1,/.(

6#EE#205-7((!)E.-+(1.)*0/.*(2,1.(0*0)55+()-()(2,*-()%6'(-"0*'(9.(.D$.2-()($,*#-#3.(|K7(R%(

-".(,-"./(")%6'(-"./.()/.(2)*.*'(9"./.(2,*-(1)+(:.(%.&)-#3.7(G)4.'(E,/(.D)1$5.'(-".(

2)*.(,E(.%./&+M.EE#2#.%-(5)1$*7(G".*.(1)+(:.(1,/.(.D$.%*#3.(-")%(%,/1)5(5#&"-(:05:*(

:0-(-".#/(0*.(5.)6(-,(1,%.+(*)3#%&*(;%.&)-#3.(2,*-*A()%6()(6.2/.)*.(#%(KRX(.1#**#,%*7(

G"0*(6.2#*#,%(1)4./*(*",056(:.(3./+(2)0-#,0*(9#-"(%.&)-#3.(%.-(KNF7(

(

L(%.&)-#3.(_KNF(;*..(Nf7XM\A(1.)%*(-")-(-".(:.%.E#-*(#%(1,%.-)/+(0%#-*()/.("#&"./(-")%(

-".(2,*-*()**,2#)-.6(9#-"( -".(1.)*0/.7(L*($/,$,*.6( #%(6,201.%-(Q!K(`@e=X'(9#-"#%(

O!L(*-06#.*'(9".%(2,1$)/#%&(8KR*(9",*.(E#&0/.*(,E((_KLO(()/.((%.&)-#3.'((-".():*,50-.((

3)50.*((,E((;|KM|<A(*",056(:.(0*.67(

O0/-"./1,/.'( -"./.( #*()59)+*(-".($,**#:#5#-+(,E(.D-/.1.(%.&)-#3.(3)50.*()*()(/.*05-(,E(

.D-/.1.("#&"./(:.%.E#-*( -")%(2,*-*()%6( *1)55( /.602-#,%( #%( -".(.EE.2-*7(G"#*( #*( #%( 5#%.'(

9#-"(-".(2,%*,5#6)-.6(O!L(a0#6.5#%.*(;Q!K(?VeF%E7XA(9"#2"(*-)-.*(-")-(nIJH/&E10@&@15@&
%+5(01=+& ]JYZ/& /@$9)*& ()E(:/& ;+& 8$%/1*+2+*& 1%& 8$%%+801$%& E10@& 0@+& (//$81(0+*& 21/3&
2+*9801$%&8(A(;1)10:o7(
(

L$)/-(E/,1(:.%.E#-*(,3./.*-#1)-#,%'(%.&)-#3.(3)50.*()/.(#1$,/-)%-(-,( #6.%-#E+(1)/4.-(

#1$./E.2-#,%*7( G"#*( #**0.( ")*( )--/)2-.6( 102"( )--.%-#,%( 5)-.5+( /.&)/6#%&( .1#**#,%(

/.602-#,%(1.)*0/.*()%6(#*(,E-.%(/.E.//.6(-,()*(-".(n.%./&+(.EE#2#.%2+(&)$o7(F%()($./E.2-(

1)/4.-(E#/1*(,/(*,2#.-+(9,056()6,$-()%+(1.)*0/.(-")-(")*()(%.&)-#3.(%.-(2,*-7(G"./.(

)/.( #%6..6(*,1.(n5,9(")%&#%&( E/0#-*o(.*$.2#)55+( -",*.( -")-(")3.( 5)/&.(%.&)-#3.(2,*-*(

)%6(2,1.(9#-"(5)/&.(.1#**#,%*():)-.1.%-($,-.%-#)5*7(

(

^#&"(%.&)-#3.(3)50.*(2)%(:.(3./+(3)50):5.( #%( #6.%-#E+#%&( #1$./E.2-#,%*(*02"()*( 5)24(,E(

#%E,/1)-#,%(9"#2"(#*(0*0)55+()%(#1$,/-)%-(/.)*,%(E,/(%,-( #1$5.1.%-#%&(2,*-(.EE.2-#3.(

1.)*0/.*7( R-"./( #1$./E.2-#,%*( )/.( /.5)-.6( -,( -".( *,M2)55.6( H*$5#-( #%2.%-#3.*I7( O,/(

.D)1$5.'(*,1.(E#/1*(1)+(:.(0%9#55#%&(-,(:.(.D-/.1.5+(2,*-5+($/,-.2-#,%(1.)*0/.*(E,/(

9,/4./*(*#%2.(#-(#*(-".(2,1$)%+(-")-($)+*(-".(2,*-(:0-(-".(9,/4./*()/.(-",*.(-")-()/.(

:.%.E#-(E/,1(-"#*7(
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2.5.6 Beware of the ratios 
8)-#,*(6,(%,-(-)4.(#%-,()22,0%-(-".(6#EE./.%-(*2)5.*(,E($/,P.2-*7(!2)5.(#*(%,-()($/,:5.1(

#E(-".(5.3.5(,E(.EE.2-#3.%.**(;,/(-".(2,*-A(#*(2,%*-)%-()2/,**()55()5-./%)-#3.*'(9"#2"(#*(%,-(

-".(2)*.(#%(&.%./)57(

(
O#&7(XM=VT(G".(2,*-(.EE.2-#3.%.**($5)%.(](!,0/2.T(<,)/61)%(.-()57(;XWW?A(

(

!..(E,/(.D)1$5.'(-".(E#&0/.():,3.(9"#2"( #*(-)4.%(E/,1(-".(.D2.55.%-(K<L(-.D-:,,4(,E(

<,)/61)%( ;XWW?A7( K5.)/5+'( #E(9.( 0*.( -".( 2,*-M.EE.2-#3.%.**( /)-#,( )*( -".( 6.2#*#,%( /05.(

-".%(9.(9,056(2",,*.()5-./%)-#3.(L7(d.-'(#E(9.(5,,4(1,/.(25,*.5+()-()5-./%)-#3.(<'(9.(

*..( -")-( #-( 9,056( *)3.( )( 5)/&.( %01:./( ,E( 5#3.*( )-( -".( /.5)-#3.5+( 5,9( 3)50.( $./( 5#E.(

)3./-.6(,E(uW7Y(1#55#,%(9"#2"( #*(.3.%(9.55(:.5,9(-".(uV(1#55#,%(0*.6( #%(O!L()%+(1)+(

,-"./(gGU(3)50.*(E,0%6(#%(-".(5#-./)-0/.7(

(

<,-"(_KLO()%6(KaLO(-")-()/.(.D-.%*#3.5+(0*.6(#%(O!L(*0EE./(E/,1(-".(H*2)5.(.EE.2-I7(G".(

E,55,9#%&( .D)1$5.( #*( -)4.%( E/,1( [,%-,3)*( )%6( U*)/)E-#*( ;XWW>A7( O#&( XM=\( $/.*.%-*( X(

)5-./%)-#3.*7( F%(-"#*(2)*.'(:,-"(8KR*()/.()22.$-):5.'(*#%2.(:,-"(")3.(aKLO()%6(_KLO(

:.5,9( uV17( L5*,'( 8KRX( #*( *0$./#,/( -,8KR=( #%( -./1*( ,E( :,-"( 2/#-./#)( ;")3#%&( 5,9./(

/)-#,A7(^,9.3./'(8KR=(/.602.*(E)-)5#-+(/#*4(=W(-#1.*(1,/.(-")%(8KRX'(1.)%#%&(-")-(#%(

-"#*(2)*.(-".(8KR(-")-(#*(*.5.2-.6()*(:.*-(#*(.D$.2-.6(-,(/.602.(/#*4(=W(-#1.*(5.**(-")%(

-".( ,%.( -")-( #*( /.P.2-.6y(_,9'( )**01.( -")-( )%,-"./( )5-./%)-#3.'( 8KR( V'( #*( )3)#5):5.7(

G"#*(8KR(")*(-".(*)1.(&/,**(2,*-(.EE.2-#3.%.**(/)-#,(9#-"(8KR(X(:0-()(&/.)-./(%.-(2,*-(

.EE.2-#3.%.**(/)-#,7(F%(-"#*(2)*.(#-(#*(6#EE#205-(-,(2",,*.()1,%&(-".*.(-9,(8KR*(:0-(#-(#*(

2./-)#%(-")-(-".*.()5-./%)-#3.*()/.(%,-(.f0)57(

& dI& dJ&KeCL& df&KeCL& gJYZ&KeCL& ]JYZ&KeCL&
8KR(=( W'=( W'=( W'W>( =( W'=(

8KR(X( W'W=( W'WW>( W'WW?Y( W'>( W'WY(

8KR(V( W'=( W'W>( W'WW?Y( W'>( W'?=Y(

O#&7(XM=\T(^+$,-".-#2)5(.D)1$5.(5.)6#%&(-,(*.5.2-#,%(,E(1,*-(/#*4+(8KR(

!,0/2.T([,%-,3)*()%6(U*)/)E-#*(;XWW>A(

(

G,( .D$5)#%( -".( $)/)6,D'( 9.( %,-.( )&)#%( -")-( :.#%&( /)-#,( -.*-*'( :,-"( aKLO( )%6( _KLO(

#&%,/.(-".():*,50-.(3)50.(;,/(*2)5.A(,E(/#*4(/.602-#,%(B8'(9"#2"(*",056()59)+*(:.(-)4.%(

#%-,( )22,0%-( )*( 2/#-./#,%( #%( #-*.5E7( FE( )%+-"#%&'( 2,1$)/#*,%*( *",056( :.( 1)6.( )1,%&(

)5-./%)-#3.*(-")-(")3.(2,1$)/):5.(B87(
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2.6 The link between CEA and CBA 
L( 4.+( #**0.( #*( 9".-"./( -"./.( #*( )( 5#%4( :.-9..%( KNL( )%6( K<L7( G"#*( #**0.( ")*( :..%(

)66/.**.6(-#1.*()%6()&)#%(#%(^.)5-"(N2,%,1#2*()%6()22,/6#%&(-,(l,")%%.**,%(;=>>YA(

9#-"( )( 2,%*-)%-(9#55#%&%.**( -,($)+($./(0%#-( #*( 0*.6( -,(.*-#1)-.( -".(:.%.E#-'( KNL()%6(

K<L(9#55(+#.56(-".(*)1.(/.*05-*7(L5-",0&"(-"./.()/.(6#3./-(,$#%#,%*(,%(-".(*0:P.2-(#-(#*(

,:3#,0*( -")-( )( 2,*-( .EE.2-#3.%.**( )%)5+*#*( -")-( -)4.*( #%-,( )22,0%-( )55( -".( 2,*-*( %,(

1)--./(9",( :.)/*( -".1( )%6(9#-",0-( ")3#%&( )%+( :06&.-( 5#1#-( -".%( K<L( )%6( KNL( 6,(

)//#3.()-(-".(*)1.(/.*05-*7(F%(,/6./(-"#*(-,(:.(3)5#6(-".(:.%.E#-(,E(-".(8KR(;9"#2"(#%(,0/(

2)*.(#*(.f0)5(-,(-".(6)1)&.()3,#6.6(:+( #%-/,602#%&(-".(1.)*0/.A(*",056(:.(.f0)5(-,(

-".(f0)%-#-+(Ä|8'(9"./.(-".(20-,EE(3)50.(Ä(#*(-".(2,%*-)%-($./(0%#-(2,*-(E,/()(2")%&.(,E(

|87(G")-(2)%(:.(.)*#5+(#550*-/)-.6(#%(-".(E,55,9#%&(-9,(2/#-./#)7(

(

K,*-(NEE.2-#3.%.**(L%)5+*#*T(( (

K,*-(<.%.E#-(L%)5+*#*T( (

(

U".5$*()%6(Q0*5#%(;=>>=A()/&0.(-")-(-".(1)P,/(6#EE./.%2.(:.-9..%(-".*.(-9,(1.-",6*(

#*(-")-(K<L(*-)-.*(-".(6,55)/(3)50.(,E(-".(,0-2,1.(;E,/(.D)1$5.(6,55)/(3)50.(,E( 5#E.(,/(

cLZdA(.D$5#2#-5+(9"./.)*(KNL(6,.*(*,(#1$5#2#-5+()*(-".(-9,(.f0)-#,%*():,3.(#550*-/)-.7(

O0/-"./1,/.( -".+( *-)-.( -")-( KNL( .*-#1)-.*( n$/#2.*o( ,E( -".( ,0-2,1.( )%6( -")-( -".(

)%)5+*#*()*4*(#E(-".($/#2.(#*()22.$-):5.()%6'(,%(-".(,-"./(")%6'(6.2#*#,%*(:)*.6(,%(K<L(

6.$.%6(0$,%(-".(%.-(3)50.7(Q,/.,3./'(<)5)(.-()57(;XWWXA(#%(5#%.(9#-"(-".():,3.()/&0.(

-")-(-".(6#*-#%2-#,%(:.-9..%(-".1(#*(-")-(60@+&$;<+801=+&$7&0@+&J"Y&1/&0$&*+0+2C1%+&0@+&
)+(/0&8$/0):&E(:&0$&(8@1+=+&(&5$().&E@1)+&0@+&$;<+801=+&$7&JVY&1/&0$&*+0+2C1%+&E@+0@+2&
0@+&5$()& 1/&E$20@&(8@1+=1%5>?&B,5)%()%6(N65#%( ;XWWXA( 2,%*#6./.6( -".()--.1$-*( -,( 5#%4(

K<L()%6(KNL(:+( l,")%%.**,%()%6(Q.5-S./( ;=>>?A()%6(<5.#2"/,6-()%6(c0#&&#%( ;=>>>A(

)%6()/&0.( -")-( #-( *..1*(-")-( -".( /.*-/#2-#,%*( #%(,/6./( -,()//#3.()-()%(.f0#3)5.%2+()/.(

0%/.)5#*-#27(

(

^,9.3./'(9#-"#%(-".(*2,$.(,E(-"#*(9,/4(#-(#*(%,-.6(-")-(-".():,3.(2)%(:/#6&.(KNL()%6(

K<L( #%( -".( 2)*.( ,E( 2,%*-)%-( /.-0/%*( -,( *2)5.7( G"#*( #*( $/,:):5+( -/0.( E,/( *1)55( /#*4(

/.602-#,%*( )%6( 1)#%5+( 9".%( )**.**#%&( .EE.2-*( ,%( ".)5-"( )%6( *)E.-+7( ^,9.3./( E,/(

.%3#/,%1.%-)5($/,P.2-*'(&#3.%(-")-(1,*-(6)1)&.(E0%2-#,%*()/.(%,%M5#%.)/(;*..(*.2-#,%(

X7V7XA(-"./.(#*($/,:):5+(%,(:/#6&.(:.-9..%(-".*.(-9,(1.-",6*C(-"#*(#*(*0$$,/-.6()5*,(

:+(,-"./(/.*.)/2"./*7(O,/(#%*-)%2.'(a)E%#(;XWW@A(%,-#2.*(-".(/.2.%-(&/,9#%&(#%-./.*-(#%(

-".(0*.(,E(KNL(;0*#%&(c0)5#-+(L6P0*-.6(Z#E.(d.)/(;cLZdA()*()%()5-./%)-#3.(-,(gGUA( ()*(

-".( 1.-",6( ,E( .3)50)-#,%( E,/( .%3#/,%1.%-)5( $/,P.2-*( )%6( 2,%2506.*( -")-( -"./.( #*(

%.#-"./(-".,/.-#2)5(%,/($/)2-#2)5(*0$$,/-(E,/(-".(25)#1():,0-(-".(*0$./#,/#-+(,E(KNL7(

(

0!
= < "! < #! " ! $ #! <
!

CGCEI C R C R
R

% % %

0! < ! = "! # ! $ "! <C B R C R% %
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2.7 On the inconsistency of using constant CEA decision rules 
G"#*(!.2-#,%(6.)5*(9#-"(-".(/)-"./(#1$,/-)%-(#**0.(,E(2,%*-)%-(-"/.*",56*'(:,-"(E,/(%.-(

)%6(&/,**(2,*-(.EE.2-#3.%.**(2/#-./#)7(K0//.%-5+'(E,55,9#%&(-".(2,%*-)%-(H$/#2.I()$$/,)2"'(

-".()5-./%)-#3.(9#-"(-".("#&".*-(#%2/.1.%-)5(2,*-M.EE.-#3.%.**(/)-#,(-")-(#*(.f0)5(-,(,/(

:.5,9( -".( *-#$05)-.6(9#55#%&%.**( -,($)+( E,/(,%.(0%#-( ,E( .EE.2-#3.%.**( *",056(:.(0*.6(

;[)/5**,%( )%6( l,")%%.**,%'( =>>@A7( G,( -")-( .D-.%-'( 1)%+( O!L( )%)5+*-*'( )*( #-( 9#55( :.(

6#*20**.6( #%( -".( %.D-( K")$-./*'( )/.( )63,2)-#%&( -".( 0*.( ,E( 2,%*-)%-( -"/.*",56*( -,(

)66/.**(-".(2,*-(.EE.2-#3.%.**(,E(1.)*0/.*(-")-(/.602.(,#5(*$#55*()%6(*"#$()#/(.1#**#,%*7(

G"#*( -.%6.%2+( #*( ,E-.%( :)*.6( ,%( )( 1#*0%6./*-)%6#%&( ,E( -".( 0%6./5+#%&( -".,/+( )%6(

$/,:):5+(-".(.D-/.1.(3#*#:#5#-+( -")-(2,%*-)%-( -"/.*",56*(9./.(&)#%.6()E-./( -".(0*.(,E(

*02"()(2/#-./#,%(E,/(-".(2)*.(,E(1.)*0/.*(-")-(/.602.(/#*4(-,("01)%(5#E.'(9"#2"(#*()5*,(

#%2506.6(#%(-".(O!L(a0#6.5#%.*7(G".(/.)6./( #*(/.E.//.6(-,(!.2-#,%(\7X(E,/(-".(2,%*-)%-(

-"/.*",56( E,/( ,#5( *$#55*( 9"#2"( 9)*( #%#-#)55+( $/.*.%-.6( :+( !4P,%&( .-( )57;XWWYA( )%6( -,(

!.2-#,%( Y7\( E,/( )( %.-( 2,*-( .EE.2-#3.%.**( #%6.D( -,( )66/.**( 1.)*0/.*( -")-( /.602.(

.1#**#,%*(-")-(9)*($/,$,*.6(:+(N#6.(.-()57(;XWW>A7(

(

g.( *-)/-( ,0/( 2/#-#f0.( :+( %,-#%&( -")-( -".( 0*.( ,E( )( 2,%*-)%-( -"/.*",56( )%6( -"0*( ,E( )(

2,%*-)%-(1)/&#%)5( 0-#5#-+( ,E( ".)5-"( .EE.2-*( ")*( :..%( )5*,( f0.*-#,%.6( 5)-.5+( #%( ".)5-"(

.2,%,1#2*C()%()/.)(9./.(-".(0*.(,E(2,%*-)%-(-"/.*",56*(9)*($/.6,1#%)-.5+7(^,9.3./'(

1,*-(,E(-".(2/#-#f0.(#*($./E,/1.6(E/,1()(6#EE./.%-()*$.2-(,E(3#.9'(-")-(,E(-".(/.-0/%*(-,(

*2)5.7(F%(*",/-()(2,%*-)%-(/.-0/%(#1$5#.*(-")-(-".(2,*-*()%6(.EE.2-#3.%.**($./(1.)*0/.(#*(

#6.%-#2)5(E,/()55($)-#.%-*7(O,/(-".(2/#-#f0.'(*..(<#/2"()%6(a)E%#(;=>>XA'!.%6#(.-()57;XWWXA'(

B,%)56*,%( .-( )5( ;XWWVA7( N5:)*")( )%6( Q.**,%%#./( ;XWWVA( f0.*-#,%( -".( 2,%*-)%-(

-"/.*",56*()%6(1,/.(*$.2#E#2)55+(-".(6.2#*#,%(/05.*(0%6./(2,%*-)%-(/.-0/%*(-,(*2)5.()%6(

$/,$,*.()%()5-./%)-#3.(1.-",6(,E(".)5-"(2)/.(/.*,0/2.()55,2)-#,%7(

(

F%(-".(2)*.(,E(1)/#-#1.(/#*4()**.**1.%-'()*(6#*20**.6(#%(-".($/.3#,0*(!.2-#,%(-".(KNL(

/)-#,*(-")-()/.($/.*.%-.6'(.*$.2#)55+(-".(,%.*(:)*.6(,%(-".(%.-(2,*-'()/.(.f0)5(-,(-".(

K<L(2/#-./#)7(L%($/,P.2-(;,/($,5#2+A(#*()22.$-):5.(9".%(-".(%.-($/.*.%-(3)50.(#*(&/.)-./(

-")%( S./,(9"#2"( #*(.f0)5( -,(6.1)%6#%&( -")-( -".(%.-( 2,*-(.EE.2-#3.%.**( #*( 5.**( -")-(ÄC(

9"./.(Ä#*(-".(*-#$05)-.6(9#55#%&%.**(-,($)+(;,/()22.$-A(E,/(,%.(0%#-(,E(.EE.2-#3.%.**()*(

6#*20**.6(#%(-".($/.3#,0*(*.2-#,%7(^,9.3./'( #%(1,*-(2)*.*(-".(#*(%,(2,%*-)%-($./(0%#-(

2,*-( E,/( )( 2")%&.( ,E( |8( ;!.2-#,%( X7Y7VAy( G"0*( #%( 1,*-( 2)*.'( )( 2,%*-)%-( -"/.*",56( #*(

1.)%#%&5.**7( !,1.( .D2.$-#,%*( #%2506.( -".( 2)*.*( ,E( *1)55( /#*4( /.602-#,%*( )%6( 9".%(

-"./.(#*(#%6..6()(2,%*-)%-(H$/#2.I7((
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2.8 Further critique and some advocacy on the use of CBA 
O#/*-5+'( %,-.( -")-( K<L(")*( )( *-/,%&( E,0%6)-#,%( :)*.6( ,%(9.5E)/.( .2,%,1#2*'( *..( -".(

[)56,/M^#24*(2/#-./#,%7(R%(-".(,-"./(")%6'(#-(*..1*(-")-(2,*-M.EE.2-#3.%.**()%)5+*#*'(#%(

&.%./)5()%6()*( #-( #*()$$5#.6(9#-"#%(O!L'(")*(*,1.(*-/,%&( 5#1#-)-#,%*7( F%(-".,/+'(KNL( #*(

:)*.6(,%(-".(%,-#,%(,E(.D-/)(9.5E)/#*17(O0/-"./1,/.'(-".(%.-(K,*-(NEE.2-#3.%.**(F%6.D(

2)%(:.(.)*#5+(1#*2)5205)-.6()*(:.%.E#-*()/.(*0:-/)2-.6(E/,1(2,*-()%6(-"./.(#*(*,1.(4#%6(

,E( 6,0:5.( 2,0%-#%&( *#%2.( -".( f0)%-#-+( Ä|8( 1)+( )5*,( #%2506.( :.%.E#-*( E/,1( -".(

#1$5.1.%-)-#,%(,E( -".(8KR7( F%()%+(2)*.'( #E()%(8KR($/,602.*(&)#%*( #%(1,/.( -")%(,%.(

6#1.%*#,%(-".(:.*-(9)+(-,(1)4.(-".1(2,%*011)-.(#*(:+(0*#%&(K<L(-")-(2)%(2,%3./-(

.)2"(-+$.(,E(:.%.E#-(#%-,()(2,11,%(1.-/#2'(*..(U".5$*()%6(Q0*5#%(;=>>=A7(

 
F%( .D-.%*#,%'( )( 3./+( 6#EE#205-( -)*4( #*( -,( -)4.( #%-,( )22,0%-( )55( /.5.3)%-( #1$)2-*7(

O0/-"./1,/.'($/,:):5+-".(1)#%(6#*)63)%-)&.(,E(K<L(#*(-")-(#-(*..4*(1,%.-#S)-#,%(,E()55(

-".(.EE.2-*7(!,1.($.,$5.(E..5(-")-(#-(#*(0%.-"#2)5(-,($5)2.()(1,%.-)/+(3)50.(,%(".)5-"(,/(

1,/-)5#-+( /#*4( 2")%&.*( :.2)0*.( #-( *..1*( -")-( K<L( $5)2.*( )( 3)50.( ,%( "01)%( 5#E.'( *..(

[/0$%#24( ;XWW\A7( g#-",0-( .%-./#%&( #%-,( E0/-"./( 6.-)#5'( -"#*( 3#.9( /.E5.2-*( )(

1#*0%6./*-)%6#%&():,0-(-".(3)50)-#,%($/,2.**7(G"#*(#*(60.(-,(-".(9)+(-")-(-".(*,2#.-+(

$./2.#3.*( /#*47( L%( ,#5( *$#55( ")/1*( -".( .%3#/,%1.%-( *,1.-#1.*( :+( 4#55#%&( :#/6*( )%6(

2/.)-.*( .2,%,1#2( 6)1)&.*( #%( -".( 5,2)5( *,2#.-+( E7.( #%( E#*"#%&( )%6( #%( -,0/#*17( R%( -".(

,-"./( ")%6'( $.,$5.( )/.( %,-( -")-( 102"( )9)/.( ,E( -".( 6)1)&.( ,E( )#/( .1#**#,%*'( .7&7(

&/..%",0*.( &)*.*( *#%2.( -".( .EE.2-*( #%( -".( 25#1)-.( 2")%&.( 9#55( -)4.( 1)%+( +.)/*( -,(

)$$.)/()%6($/.*01):5+($5)2.(5,9./(1,%.-)/+(3)50.(#%(-".(5)--./(2)*.()%6(1)+()3,#6(-,(

3)50.(#1$)2-*(,E(.1#**#,%*7(

(

R%(-".(,-"./(")%6'(,%.(1)+()5*,(E..5(0%.)*+():,0-(*.5.2-#%&()5-./%)-#3.*(,%(-".(:)*#*(

,E(/)-#,*()*(-".+(#&%,/.(-".(6#EE./.%-(*2)5.(,E(/)-#,*7(!2)5.(#*(%,-()($/,:5.1(9".%()55(,E(

-".( $,5#2+( )5-./%)-#3.*( ")3.( -".( *)1.( 2,*-( ,/( 9".%( -".( 5.3.5( ,E( .EE.2-#3.%.**( #*(

2,%*-)%-(E,/()55()5-./%)-#3.*7(G"#*(#*(%,-(0*0)55+(-".(2)*.()%6(-".(.EE.2-(,E(*2)5#%&(#*(%,-(

)( $/,:5.1( *#%2.( KNL( 2)%( :.( 1,6#E#.6( -,( 6.)5( 9#-"( *2)5.( 6#EE./.%2.*7( L22,/6#%&( -,(

<,)/61)%(.-()57( ;XWW=A(-"./.()/.()(2,0$5.(,E(9)+*'( E,/(.D)1$5.(-,(*.5.2-(-".($/,P.2-(

9#-"(-".( 5,9.*-(2,*-(-")-(1..-*()(2./-)#%(.EE.2-#3.%.**(2,%*-/)#%-(,/(-".($/,P.2-(-")-(

+#.56*(-".(5)/&.*-(%01:./(,E(0%#-*(,E(.EE.2-#3.%.**(*0:P.2-(-,()(:06&.-(2,%*-/)#%-7((

(

O0/-"./1,/.'( KNL( :.*#6.*( :.#%&( .)*+( -,( :.( $./E,/1.6( ;)2-0)55+( #-( #*( 2".)$./( )%6(

f0#24./A(")*()*(6#*20**.6( #%(!.2-#,%(X7=(n0@+&$;<+801=+&$7& 0@+&J"Y& 1/& 0$&*+0+2C1%+&0@+&
)+(/0&8$/0):&E(:&0$&(8@1+=+&(&5$()>?&G"#*(")*(-,(6,(9#-"(-".(E)2-(-")-(KNL(")*(-,(6,(9#-"(
:06&.-( 2,%*-/)#%7( G".( 1.)*0/.*( #%3.*-#&)-.6( #%( )( KNL( 2)%( :.( /)%4.6( :+( -".#/(

2,*-Ç.EE.2-#3.%.**( )%6( -".( 1,*-( $/.E./):5.( ,$-#,%( #*( -".( ,%.( 9#-"( -".( 5,9.*-(
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2,*-Ç.EE.2-#3.%.**(/)-#,(;5.)*-(2,*-($./(0%#-(,E(.EE.2-#3.%.**A7(FE(-".()3)#5):5.(:06&.-(#*(

4%,9%A'( #-( #*($,**#:5.(-,(/)%4(-".(1.)*0/.*(:)*.6(,%(",9(102"(,E(-".(6.*#/.6(.EE.2-(

2)%(:.()2"#.3.6(9#-"(-".(&#3.%(:06&.-7(!..(!.2-#,%(X7X7Y(E,/(-".(6.2#*#,%(/05.*()$$5#.6(

#%(KNL7(

(

G".(/,5.(,E(KNL'()*()(1.-",6,5,&+(-,(".5$(6.2#*#,%M1)4./*(1)D#1#S.(".)5-"(&)#%*(E/,1(

-".(0*.(,E(5#1#-.6(/.*,0/2.*'(")*(%,-(:..%(2")%&.6(,3./(-".(+.)/*(;a,56(.-()57'(=>>@A7(

g.#%*-.#%( )%6( !-)*,%( ;=>``A( )/&0.( -")-( !!???0@+& 9%*+2):1%5& A2+C1/+& $7& J"Y& 1%& @+()0@&
A2$;)+C/& 1/& 0@(0& 7$2& +=+2:&51=+%& )+=+)&$7& 2+/$928+/&(=(1)(;)+.& /$81+0:& K$2& 0@+&*+81/1$%R
C(31%5& <921/*1801$%& 1%=$)=+*L.&E1/@+/& 0$&C(#1C1,+& 0@+& 0$0()& (552+5(0+& @+()0@& ;+%+710&
8$%7+22+*--?&G"#*( #*(*..%()*()%()63)%-)&.(,E(KNL(,3./(K<L(6(/&0@+&B9+/01$%&$7&@$E&0$&
C(#1C1,+&@+()0@&1CA2$=+C+%0/&5+%+2(0+*&;:&(&51=+%&)+=+)&$7&2+/$928+/&@(/&(%&$;=1$9/&
(002(801$%&7$2&5$=+2%C+%0/6(;a)E%#'(XWW@A7((
^,9.3./'( #%( -".( *)1.( *.%*.'( *",/-)&.( ,E( E0%6*( E,/2.*( $/#3)-.( 2,1$)%#.*( -,( 2",,*.(

:.-9..%( 9,/-"9"#5.( $/,P.2-*7( N2,%,1#*-*( 2)55( -"#*( 2)$#-)5( /)-#,%#%&( )%6( -"./.( )/.(

1.-",6*( -")-( 2)%( :.( 0*.6( -,( *.5.2-( )( *.-( ,E( $/,P.2-*( -")-( #*( 9#-"#%( -".( 2,1$)%+I*(

/.*,0/2.*(:0-()5*,((&#3.*(-".("#&".*-($,**#:5.(%.-($/.*.%-(3)50.7(K,11.%-#%&(,%(-".*.(

1.-",6*( #*( ,0-( ,E( -".( *2,$.( ,E( -"#*(9,/4( )%6( -".( /.)6./( #*( /.E.//.6( -,( </.)5.+( )%6(

Q.+./*(;XWWVA7(<06&.-(2,%*-/)#%-(#*(%,-()($/,:5.1(9".%()$$5+#%&(K<L7(

(

^,9.3./'(-".(1,*-(#1$,/-)%-(/.)*,%(E,/(9"#2"(K<L(#*($/.E.//.6(#%(,0/(2)*.(#-(-")-(KNL(

#%.3#-):5+(,1#-*(#1$)2-*(-")-(9,056(:.(#%2506.6(#%(K<L7(F%6..6'(KNL(-+$#2)55+(2,%*#6./*(

,%5+(,%.(1.)*0/.(,E(.EE.2-#3.%.**7(L22,/6#%&(-,(<,)/61)%(.-()57(;XWW=A(,%.(9)+(-,(&.-(

25,*./( -,( 6,#%&( -"#*M-")-( #*'( -,( /.)2"( 9")-( -".+( 2)55( )( p")5E9)+( ",0*.p( :.-9..%(

*-)%6)/6(KNL()%6(K<L(:+(2,1$0-#%&(-".(E,55,9#%&(/)-#,T(

(( Nf7(XM`(

(

F%()%+(2)*.'( (<,)/61)%(.-()57( ;XWW=A()/&0.( -")-(6C$/0& )13+):&J"Y&E(/& /+)+80+*& 1%& 0@+&
712/0& A)(8+& ;+8(9/+& /$C+& /$81()& 8$/0/& (%*& ;+%+710/& 8$9)*& %$0& ;+& C$%+01,+*>& (%*&
2,%2506.(-")-(n7$2&0@+/+&2+(/$%/.&C$=1%5&())&0@+&E(:&0$&JVY&E10@&+#0+%/1=+&/+%/101=10:&
(%():/1/& 1/& $70+%& (& ;+00+2& (%():018()& /02(0+5:& $=+2())& 0@(%& +#A(%*1%5& 0@+& /8$A+& $7&
C+(/92+*&8$/0/&1%&J"Y?>&
(

F%( -".( 2)*.(,E( O,/1)5( !)E.-+(L**.**1.%-(9")-( #*( :.#%&($./E,/1.6( #*( )2-0)55+( )( 2,*-M

.EE.2-#3.%.**()%)5+*#*(9"#2"(9#55(:.(6#*20**.6(#%(-".(%.D-(*.2-#,%7(R:3#,0*5+(-"./.()/.(

f0#-.( 1)%+( f0.*-#,%*( ,%( -".( 0*.( ,E( K<L( )%6( KNL'( *,1.( ,E( 9"#2"( )/.( P0*-#E#.67(

^,9.3./'( *#%2.( K<L( #*( )( 3./+( #1$,/-)%-( *-.$(9#-"#%( /#*4( )**.**1.%-( #-( #*( )63#*.6( -,(

~ socialcos ts othersocialbenefits
CE

effectiveness
!

=
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$./E,/1.6(*-.$*(-")-()/.(0*0)55+(1#**#%&'(*02"()*(-".(*.%*#-#3#-+()%)5+*#*(*-.$7(G"#*(9)+(

/#*4()**.**1.%-(9#55(:.2,1.(1,/.(/,:0*-'(*..(K")$-./(`(E,/(1,/.7(

(

L*()(2,%250*#,%'()%6(#-(10*-(:.(25.)/(:+(%,9'(K,*-(<.%.E#-(L%)5+*#*'(:.*#6.*(#-*(*-/,%&(

-".,/.-#2)5( :)*#*( ,%(9.5E)/.( .2,%,1#2*'( #*( -".(1,*-( /.5#):5.(9)+( -,( 2,%*#6./( )2-#,%*(

9#-"( 105-#$5.( .EE.2-*7( _,-#%&( -")-( 102"( /.*.)/2"( ")*( -,( :.( 6,9%( -,( )//#3.( )-( )(

2,11,%5+( )22.$-.6( %,%( 5#%.)/( E0%2-#,%( ;.*$.2#)55+( E,/( 2)*.*( 9#-"( 5)/&.( /#*4(

/.602-#,%*A'( -".( /.)6./( #*( /.E.//.6( -,(K")$-./(@( E,/( -".( -".,/+()%6(.D)1$5.*(,E(",9(

%,%M5#%.)/(E0%2-#,%(2)%(:.(0*.6(9#-"#%(K,*-(<.%.E#-(L%)5+*#*()%6(8#*4(L**.**1.%-7(
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3  
THE EFFECT OF RISK ON HUMAN HEALTH 

3.1 Introduction to Human Losses due to Shipping 
F%.3#-):5+()55("01)%()2-#3#-#.*($,*.(*,1.(/#*4(-,("01)%(5#E.7(!)E.-+(#*(,%.(,E(-".(1)P,/(

&,)5*( ,E( )55( #%60*-/#.*7( !"#$$#%&( $,*.*( *,1.( /#*4( -,( $)**.%&./*( )%6( -,( 9,/4./*( -")-(

3,50%-)/#5+(-)4.(-".(/#*47(!)E.-+(")*(:..%()%(#**0.(E,/(-".(FQR(E,/()(5,%&(-#1.(;*..(-".(

!RZL!(2,%3.%-#,%A7(Z)-.5+'( FQR(")*( #%-/,602.6(O!L()*()(9)+(-,()22.**(/#*4(-,("01)%(

5#E.( -)4#%&( #%-,( )22,0%-( -".( 9,/4( -")-( ")*( :..%( 6,%.( /.&)/6#%&( ,220$)-#,%)5( *)E.-+(

1,*-5+(#%(-".(b[7(G"./.(#*()(3)*-(5#-./)-0/.(#%(-"#*(*0:P.2-(9"#2"(#*(,0-(,E(-".(*2,$.(,E(

-".($/.*.%-( /.$,/-7( O,/1)5( !)E.-+(L**.**1.%-( ")*( :..%(6.)5#%&(9#-"( *)E.-+( *#%2.( #-*(

#%-/,602-#,%7( G".( *,M2)55.6( HK,*-( ,E( L3./-#%&( )( O)-)5#-+I( ")*( :..%( -".( 1)P,/( 2,*-(

.EE.2-#3.%.**( #%6.D( #%( )55( O!L( *-06#.*( )%6( 9#55( :.( 6#*20**.6( #%( -".( %.D-( !.2-#,%7(

O0/-"./1,/.'(*,1.(0$6)-.6()%)5+*#*(,E(-".(/.5)-#3.(-"/.*",56(9#55(:.($/.*.%-.6()%6()*(

9.55()*()(6#*20**#,%(,E(-".($,-.%-#)5(%,%(5#%.)/#-#.*(-")-()/.(#%3,53.6(#%(-".(3)50)-#,%(,E(

1.)*0/.*(-")-(/.602.(-".(/#*4(-,("01)%(5#E.7(

3.2 Cost Effectiveness Index    and The ‘Cost of Averting A 
Fatality’ 

K0//.%-5+'(,%5+(,%.(*02"(#%6.D(#*(:.#%&(.D-.%*#3.5+(0*.6(#%(O!L()$$5#2)-#,%*()%6(-")-(#*(

-".( ,%.( -,( )22.**( /#*4( ,%( "01)%( *)E.-+7( G"#*( #*( -".( *,M2)55.6( nK,*-( ,E( L3./-#%&( )(

O)-)5#-+o(;KLOA()%6(#*(.D$/.**.6(#%(-9,(E,/1*T(a/,**(;aKLOA()%6(_.-(;_KLOA7(G".*.(-9,(

#%6.D.*()/.( -".( #%2/.1.%-)5( 2,*-M.EE.2-#3.%.**( /)-#,*( ;#%( &/,**( )%6(%.-( E,/1A( E,/( /#*4(

/.602-#,%*(#%(-./1*(,E(-".(%01:./(,E(E)-)5#-#.*()3./-.6'(#%(5#%.(9#-"(9")-(#*($/.*.%-.6(

#%( !.2-#,%( X7Y7=7( F%( )55( /.2.%-( O,/1)5( !)E.-+( L**.**1.%-( ;O!LA( *-06#.*'( 2,*-(

.EE.2-#3.%.**( #*( 5#1#-.6( -,(1.)*0/#%&( E)-)5#-+( /#*4( /.602-#,%( 0*#%&( -".( uV1( 2/#-./#,%7(

G"#*(2/#-./#,%(#*(-,(2,3./(E)-)5#-#.*(E/,1()22#6.%-*()%6(#1$5#2#-5+'()5*,'(#%P0/#.*()%6e,/(#55(

".)5-"(E/,1(-".17(G"./.()/.(-9,(,-"./(2/#-./#)(-")-(9./.(*0:1#--.6()-(-".(*)1.(-#1.(

9#-"(-".():,3.M1.%-#,%.6(2/#-./#,%(-,(-".(FQR(:0-(9./.(%.3./(0*.67(R%.(#*(-,(2,3./(

,%5+(/#*4(,E(E)-)5#-+()%6()%,-"./(-,(2,3./(/#*4(E/,1(#%P0/#.*()%6(#55(".)5-"7(<,-"(")3.()(

3)50.(,E(u=7Y17(^,9.3./'(9.(4%,9(,E(%,(O!L(-")-(")*(0*.6(-".*.(2/#-./#)7(

(
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Q,/.(*$.2#E#2)55+(-".(aKLO(#%6.D(#*(-".(&/,**(#%2/.1.%-)5(2,*-(.EE.2-#3.%.**(/)-#,()%6(

#*(6.E#%.6()22,/6#%&(-,(-".(O!L(a0#6.5#%.*()*(E,55,9*T(

(

K$%??*+%?#*%<*AH/$#;"L*-*J-#-B;#)*8K+AJ=*

( ( (Nf7(VM=
(

9"./.((

|K(#*(-".(2,*-($./(*"#$(,E(-".(8KR(0%6./(2,%*#6./)-#,%7(

|<( #*( -".( .2,%,1#2( :.%.E#-( $./( *"#$( /.*05-#%&( E/,1( -".( #1$5.1.%-)-#,%( ,E( -".( 8KR7(

|8(#*(-".(/#*4(/.602-#,%($./(*"#$'(#%(-./1*(,E(-".(%01:./(,E(E)-)5#-#.*()3./-.6'(#1$5#.6((:+(-".(

8KR7(

(

_,-.(-")-( -".(_KLO( #%6.D( #*(*#1#5)/( -,(-".():,3.(,%.(9#-"(-".(6#EE./.%2.(-")-( #%(-"#*(

2)*.(:.%.E#-*()/.()5*,(*0:-/)2-.6(E/,1(-".(2,*-*7(

(

O,/(-".(aKLO(2/#-./#,%'(-".(.f0#3)5.%-(#%.f0)5#-+(#*(*#1$5./T((((((( (

(

_,-.( -")-( )22,/6#%&( -,( !.2-#,%(V7V'( #E( -".($/#2.(,E( uV(1#55#,%( #*( 0*.6()*( -".( 2,%*-)%-(

9#55#%&%.**( -,($)+($./( E)-)5#-+( -,(.*-#1)-.(-".(:.%.E#-'( -".(KNL(2,056(:.(-/)%*E,/1.6(

#%-,( )( K<L( )%6( +#.56( -".( *)1.( /.*05-*7( b%-#5( %,9'( -"./.( 9)*( %,( )550*#,%( -")-( -".(

9#55#%&%.**( -,( $)+( $./( 0%#-( -,( :.( 0*.6( #%( ,/6./( -,( .*-#1)-.( -".( :.%.E#-*( 9)*( %,-(

2,%*-)%-7(

(

G".(6,1#%)%-(+)/6*-#24(#%()55(O!L(*-06#.*(-")-(")3.(:..%(*0:1#--.6(-,(-".(FQR(*,(E)/(#*(

-".(*,M2)55.6(nb!B(V1(2/#-./#,%o(9"#2"(#*(-".(F1$5#.6(K,*-(,E(L3./-#%&()(O)-)5#-+(;FKLOA'(

)*( 6.*2/#:.6( #%(Q!K( `?e=>eX7( L22,/6#%&( -,( -"#*'( #%( ,/6./( -,( /.2,11.%6( )%( 8KR( E,/(

#1$5.1.%-)-#,%(-"#*(10*-(&#3.()(KLO(3)50.(M:,-"(_KLO()%6(KaLOM(,E(5.**(-")%((b!B(V(

1#55#,%7( FE( -"#*( #*(%,-( -".(2)*.'( -".(8KR( #*( /.P.2-.67( F-(")*( -,(:.(%,-#2.6( -")-( -".(KLO(

3)50.(;K,*-(,E(L3./-#%&()(O)-)5#-+A(#*(:)*.6(,%(*-)-#*-#2)5()%)5+*#*(,E(-".(ZcF(;Z#E.(c0)5#-+(

F%6.DA( E,/(RNKB(2,0%-/#.*'(*..(Q!K(`Xe=@'(!4P,%&;XWWXA(,/([,%-,3)*( ;XWWYA()%6(-"#*(

9,/4(E,/(0$6)-.6(KLO(3)50.*7(

(

_,-.( -")-( )22,/6#%&( -,( -".( O!L( a0#6.5#%.*( ;Q!K( ?VeF%E7X'( L$$.%6#D( `A( *,1.(

)$$/,)2".*(-")-(2)%(:.(0*.6(-,(.*-#1)-.(-".(_KLO()%6(KaLO(-"/.*",56*()/.(T(

=7(R:*./3)-#,%(,E(-".(g#55#%&%.**MG,MU)+(-,()3./-()(E)-)5#-+C(

X7(R:*./3)-#,%(,E($)*-(6.2#*#,%*()%6(-".(2,*-*(#%3,53.6(9#-"(-".1C()%6(

V7(K,%*#6./)-#,%(,E(*,2#.-)5(#%6#2)-,/*(*02"()*(-".(Z#E.(c0)5#-+(F%6.D(;ZcFA7(

(

R
CGCAF
!
!

=

RmC !"<! 3$
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F-(#*()&/..6(1)%+()$$/,)2".*(1)+(:.(0*.6(E,/(-".(.*-#1)-#,%(,E(FKLO(:.*#6.*(-".(,%.(

:)*.6(,%(-".(ZcF7(g#55#%&%.**(-,($)+(,/(-,()22.$-(2)%($/,3#6.(-".(J)50.(,E()(!-)-#*-#2)5(

5#E.(;J!ZA(-")-(2)%(:.(0*.6()*()%(FKLO(-"/.*",567(G"#*(9#55(:.(:/#.E5+(6#*20**.6(#%(!.2-#,%(

V7`7(

(

G".(%.D-(*.2-#,%*(9#55(6.*2/#:.(-".(Z#E.(c0)5#-+(F%6.D(;ZcFA7(ZcF(#*(,%.(,E(-".(*,M2)55.6(

*,2#.-)5(#%6#2)-,/*(9"#2"()/.(*-)-#*-#2*(-")-(f0)%-#E+(*,1.()*$.2-(,E(-".(f0)5#-+(,E(5#E.(#%(

)( *,2#.-+( ,/( &/,0$( ,E( #%6#3#60)5*7( Q,/.( *$.2#E#2)55+'( *,2#)5( #%6#2)-,/*( )/.( D/$81()&
/0(01/018/&E@18@&2+A2+/+%0&/15%1718(%0& 1%7$2C(01$%&(;$90&0@+&B9()10:&$7& )17+.&(%*&8(%&;+&
(889C9)(0+*&1%0$&(&01C+&/+21+/D&;*..(_)-"9)%#(.-()5(=>>`A7(G".(a/,**(B,1.*-#2(U/,602-(

;aBUA( $./( $./*,%( )%6( -".( 5#E.( .D$.2-)%2+( ;ZNA( )/.( 9.55( 4%,9%( .D)1$5.*( ,E( *,2#)5(

#%6#2)-,/*7((

(

3.3 The Life Quality Index (LQI) 
G".(Z#E.(c0)5#-+(F%6.D(;ZcFA(#*(#%-.%6.6()*()(*,2#)5(#%6#2)-,/(-")-(/.E5.2-*(-".(.D$.2-.6(

5.%&-"( ,E( na,,6( Z#E.o'( #%( $)/-#205)/( -".( .%")%2.1.%-( ,E( -".( f0)5#-+( ,E( 5#E.( :+( &,,6(

".)5-"()%6(9.)5-"7(G".(,/#&#%)5(ZcF(6.E#%#-#,%( #*(&#3.%(:+(_)-"9)%#'(Z#%6()%6(U)%6.+(

;*..(_)-"9)%#(.-()5'=>>`A7(L(9)+(,E(.D$/.**#%&(#-(#*()*(E,55,9*T((

(

( ( ZcFv&
9
É.

=M9(((
( Nf7(VMX(

(

G".( FKLO( 3)50.( #*(6.-./1#%.6(:+()**01#%&( -")-( )%(,$-#,%( #*( )22.$-.6()*( 5,%&()*( -".(

2")%&.(#%(ZcF(,9#%&(-,(-".(#1$5.1.%-)-#,%(,E(-".(,$-#,%(;v8KRA(#*($,*#-#3.()%6(0%6./(

-".( )**01$-#,%( -")-( -".( /.1)#%#%&( 5#E.-#1.( #%( )%+( &#3.%( -#1.( #*( ")5E( ,E( -".( 5#E.(

.D$.2-)%2+()-(:#/-"(7(G"./.E,/.(FKLO(#*(&#3.%(:+()*(E,55,9*T(

(

( ( ( Nf7(VMV(

9"./.(

&(#*(-".(a/,**(B,1.*-#2(U/,602-($./(2)$#-)(

.(#*(5#E.(.D$.2-)%2+()-(:#/-"(

9(#*(-".($/,$,/-#,%(,E(5#E.(*$.%-(#%(.2,%,1#2()2-#3#-+7(

(

(

G".(2,%2.$-(,E(Z#E.(c0)5#-+(F%6.D(;)*(*,2#.-)5(#%6#2)-,/A(9)*(#%#-#)-.6()-(-".(F%*-#-0-.(E,/(

8#*4( 8.*.)/2"( ,E( -".( b%#3./*#-+( ,E( g)-./5,,( #%( K)%)6)7( L1,%&( -".( E#/*-( /.5)-#3.(

$0:5#2)-#,%*()/.(Z#%6(.-()57(;=>>=A()%6(_)-"9)%#(.-()5(;=>>`A7(G".(/.)6./(#*(/.E.//.6(-,(

U)%6.+()%6(_)-"9)%#(;XWW\A(E,/()(6.-)#5.6(.D$5)%)-#,%(,E(-".(,/#&#%)5(6.3#)-#,%(,E(ZcF(

g e 1-wICAF=
4 w
!
!
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)%6( -,( !4P,%&( )%6( 8,%,56( ;=>>?A'( 8)249#-S;XWWXA( )%6( B#-5.3.*.%;XWW\A( E,/( 1,/.(

#%E,/1)-#,%(,%(",9(-,(6./#3.((FKLO(E/,1(-".(Z#E.(c0)5#-+(F%6.D7(G".(5#-./)-0/.(,%(ZcF(#*(

#11.%*.(:0-(#-(#*(,0-(,E(-".(*2,$.(,E(-"#*(9,/4(-,(/.3#.9(-".1(*#%2.(-".(1)#%(E,20*(,E(

-"#*(!.2-#,%( #*( -,()//#3.()-()%(0$6)-.6( FKLO(3)50.(:+(0*#%&( -".(*)1.(1.-",6,5,&+()*(

:.E,/.7(

(

3.4 Implied Cost of Averting a Fatality (ICAF) 
G".(6,1#%)%-(+)/6*-#24(#%()55(O!L(*-06#.*(-")-(")3.(:..%(*0:1#--.6(-,(-".(FQR(*,(E)/(#*(

-".(*,M2)55.6(nb!B(V1(2/#-./#,%o(9"#2"(#*(-".(F1$5#.6(K,*-(,E(L3./-#%&()(O)-)5#-+(;FKLOA'(

)*( 6.*2/#:.6( #%(Q!K( `?e=>eX7( L22,/6#%&( -,( -"#*'( #%( ,/6./( -,( /.2,11.%6( )%( 8KR( E,/(

#1$5.1.%-)-#,%(-"#*(10*-(&#3.()(KLO(3)50.(M:,-"(_KLO()%6(KaLOM(,E(5.**(-")%((b!B(V(

1#55#,%7( FE( -"#*( #*(%,-( -".(2)*.'( -".(8KR( #*( /.P.2-.67( F-(")*( -,(:.(%,-#2.6( -")-( -".(KLO(

3)50.(;K,*-(,E(L3./-#%&()(O)-)5#-+A(#*(:)*.6(,%(*-)-#*-#2)5()%)5+*#*(,E(-".(ZcF(;Z#E.(c0)5#-+(

F%6.DA( E,/( RNKB( 2,0%-/#.*( ;*..( Q!K( `Xe=@'( !4P,%&;XWWXA( ,/( [,%-,3)*( ;XWWYA( E,/(

0$6)-.6(KLO(3)50.*A(-")-(9#55(:.(6#*20**.6(#%(-".(%.D-(!.2-#,%*7(

(

K,1#%&(:)24( -,( -".(2,*-M.EE.2-#3.%.**( -"/.*",56*( -".():,3.(2/#-./#)()/.($/.*.%-.6( #%(

-".(O!L(a0#6.5#%.*7(

(

G):5.(VM=T((K,*-(NEE.2-#3.%.**(K/#-./#)(

(

(

G".($/,$,*.6(3)50.*(E,/(_KLO()%6(aKLO(#%(G):5.(@(")3.(:..%(6./#3.6(:+(2,%*#6./#%&(

*,2#.-)5(#%6#2)-,/*(;/.E./(-,(6,201.%-*(Q!K(`Xe=@'()%6(Z#%6'(=>>@A7((G".*.(2/#-./#)()/.(

:)*.6(,%(-".(Z#E.(c0)5#-+(F%6.D(;ZcFA(-")-(9)*($/,$,*.6(:+(_)-"9)%#'(Z#%6()%6(U)%6.+(

;_)-"9)%#(.-()5'=>>`A7(L2-0)55+'(-".(3)50.(,E(uV(1#55#,%(#*(:)*.6(,%(-".(F1$5#.6(K,*-(,E(

L3./-#%&()(O)-)5#-+(;FKLOA()%6(")*(:..%(2)5205)-.6(0*#%&(RNKB(6)-)7(

(

!4P,%&(;XWWXA(2)5205)-.*(-".(FKLO(3)50.*(;)3./)&.*(:.-9..%(+.)/*(=>?\()%6(=>>\A(E,/(

RNKB(2,0%-/#.*7( F-(")*(:..%($/,$,*.6(-")-( -".(2/#-./#)(,E(G):5.(D(*",056(:.(0$6)-.6(

.3./+(+.)/()22,/6#%&(-,(-".()3./)&.(/#*4(E/..(/)-.(,E(/.-0/%(,/(0*#%&(;)$$/,D7(Y�A(,/(:+(

0*.(,E(-".(E,/105)(:)*.6(,%(ZcF7(F%([,%-,3)*(;XWWYA()%(0$6)-.6(3)50.(9)*(2)5205)-.6(

0*#%&( -".( *)1.()**01$-#,%*( -")-(9./.(0*.6(:+(!4P,%&()%6(8,%,56;=>>?A()%6(!4P,%&(

;XWWXA()%6(-".(5)-.*-(*-)-#*-#2)5(6)-)7(G".(/.*05-*(9./.(-")-(-".()3./)&.(FKLO(3)50.(E,/(
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)55(RNKB(2,0%-/#.*(E,/(-".($./#,6(,E(XWWWMXWWX(#*((u(V7X`X(1(9"./.)*(E,/(-".($./#,6(,E(

=>>YMXWWX( #*( u( V7W@>(1( 7( F-( *",056( )5*,( :.( %,-#2.6( -")-( #%( -".( *-06+( ,E( !4P,%&( )%6(

8,%,56(6)-)(9./.( &#3.%( E,/( XY(RNKB(1.1:./M2,0%-/#.*(9"#5.( -,6)+( -".*.( 2,0%-/#.*(

)/.(1,/.(-")%(VW7(

(

!.2-#,%( V7Y( 6#*20**.*( -".( $)/)1.-./*( -")-( )EE.2-( -".( 3)50.( ,E( -".( 2,*-( .EE.2-#3.%.**(

-"/.*",567(F%(!.2-#,%(V7@()%(0$6)-.6(3)50.(&#3.%(-".(5)-.*-()3)#5):5.(6)-)(#*($/.*.%-.67(

O0/-"./1,/.'(%,-.(-")-()22,/6#%&(-,(!.2-#,%(X7V'( #E( -".($/#2.(,E(uV(1#55#,%*( #*(0*.6()*(

-".(2,%*-)%-(9#55#%&%.**(-,($)+($./(E)-)5#-+(-,(.*-#1)-.(-".(:.%.E#-'( -".(KNL(2,056(:.(

-/)%*E,/1.6( #%-,()(K<L()%6(+#.56( -".(*)1.(/.*05-*7(b%-#5(%,9'( -"./.(9)*(%,()550*#,%(

-")-(-".(9#55#%&%.**(-,($)+($./(0%#-( -,(:.(0*.6( #%(,/6./(-,(.*-#1)-.(-".(:.%.E#-*(9)*(

%,-(2,%*-)%-7(R%(*,1.(-",0&"-*(/.&)/6#%&(-"#*(#**0.(*..(!.2-#,%(V7`7(

(

!"# Parameters affecting the value of the current (LQI-based) 
CAF effectiveness index$

L5-",0&"()%+(%01./#2)5(3)50.(2,056(:.(2/#-#2#S.6'(-".(%..6(,E()(%01./#2)5(2/#-./#,%(#*(

.**.%-#)5()%6(0%-#5(%,9'( -".($/,:5.1( #%( -".(O!L($/,2.**()/.(%,-( -".(.D)2-(%01./#2)5(

2/#-./#)(:0-( -".(9)+( -")-(2,*-*()%6(:.%.E#-*()/.(.*-#1)-.6( E,/(*0:*.f0.%-(.3)50)-#,%(

)&)#%*-(-".(2/#-./#)7(O0/-"./1,/.'(,%.(2,056(2/#-#2#S.(-".(0*.(,E(ZcF( #%(,/6./(-,(6./#3.(

)%( FKLO( 3)50.7( G"#*( !.2-#,%( E,20*.*( ,%( .*-#1)-#%&( )%( 0$6)-.6( FKLO( 3)50.( 0*#%&( -".(

5)-.*-()3)#5):5.(6)-)()%6(#%3.*-#&)-#%&(-".(1,*-(#1$,/-)%-($)/)1.-./(,E(-".(ZcF(9"#2"(

#*(-".($/,$,/-#,%(,E(5#E.(*$.%-(#%(.2,%,1#2()2-#3#-+'(9(;*..(!.2-#,%(V7Y7VA7((L5-",0&"(-".(

%..6( E,/( E0/-"./( )%)5+*#*( ,%( -".( %,%( 5#%.)/#-#.*( ,E( -".( 6)1)&.( E0%2-#,%( #*( 9.55(

.*-):5#*".6'( -".( FKLO( 2/#-./#,%( #*( 9.55( .*-):5#*".6( #%( -".( /.5.3)%-( 5#-./)-0/.( )%6(

-"./.E,/.(9#55(%,-(:.(.)*#5+():)%6,%.6(:+(-".(/.*.)/2"./*7(

(

3.5.1 Gross Domestic Product per capita (g) 
a/,**( 6,1.*-#2( $/,602-( ;aBUA( #*( )( *-)%6)/6(1.)*0/.( ,E( -".( 3)50.( ,E( -".( &,,6*( )%6(

*./3#2.*( $/,602.6( :+( )( 2,0%-/+( 60/#%&( )( $./#,6( ,E( )( +.)/( )%6( )*( *02"( -".( aBU( $./(

2)$#-)( #*( )%( #%6#2)-,/( ,E( .2,%,1#2( 5#3#%&( *-)%6)/6*7( RE-.%'( -".( 2,%3./*#,%( #%-,( )(

2,11,%( 20//.%2+( #*( 1)6.( 0*#%&( .D2")%&.( /)-.*'( :0-( -".*.( &#3.( )( 1#*5.)6#%&(

2,1$)/#*,%(,E(-".(/.)5(3,501.*(,E(&,,6*()%6(*./3#2.*(#%(-".(aBU7(K,1$)/#*,%*(,E(/.)5(

aBU(:.-9..%(2,0%-/#.*( 2)%(:.*-(:.(1)6.(0*#%&($0/2")*#%&($,9./($)/#-#.*( ;UUU*A( -,(

2,%3./-( .)2"( 2,0%-/+I*( aBU( #%-,( )( 2,11,%( 20//.%2+( #%( ,/6./( -,( .f0)5#S.( -".(

$0/2")*#%&($,9./(,E(-".(6#EE./.%-(20//.%2#.*7(
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(
O#&7(VM=T((aBU($./(2)$#-)(;b!(6,55)/*($./(2)$#-)($./(+.)/A(](!,0/2.T(RNKB(O)2-:,,4;XWW?A(

(

!,1.( /.*.)/2"./*( *0&&.*-( -")-( ,%5+( )( $./2.%-)&.( ,E( aBU( *",056( :.( 0*.6( #%( -".(

2)5205)-#,%*( ,E( FKLO7( O,/( #%*-)%2.'( 8)249#-S( ;XWW\A( *0&&.*-*( -")-( -".( aBU( *",056( :.(

/.602.6( -,( ):,0-( @W�(,E( -".( /.&#*-./.6( 3)50.( *-)-#%&( -")-( ,%5+( )( $)/-( ,E( -".(aBU( #*(

)3)#5):5.(E,/(6.2#*#,%*(,%(",9(-,(2,%*01.(-".(aBU7(((O0/-"./1,/.'(".(%,-.*(-")-(-".(

aBU()5*,(2/.)-.*(-".($,**#:#5#-#.*(-,(HH:0+II()66#-#,%)5(5#E.(+.)/*(-"/,0&"(:.--./(1.6#2)5(

2)/.'(1,/.(*)E.-+( E/,1(%)-0/)5(")S)/6*(.-27(g"#5.()51,*-( /.5)-.6(*-06#.*(0*.(-".( E055(

aBU( 9.( :.5#.3.( -")-( 8)249#-S( #*( 2,//.2-( )%6( -")-( -".( 1)--./( 9,/-"*( E0/-"./(

#%3.*-#&)-#,%7(^,9.3./(#%(,0/(2)5205)-#,%*(-".(E055(aBU(9#55(:.(0*.6'(-".(3)50.(,E(9"#2"(

E,/(.)2"(RNKBM1.1:./(2,0%-/+(9#55(:.(6./#3.6(E/,1(-".(5)-.*-(RNKB($0:5#2)-#,%(;*..(

RNKB(O)2-:,,4;XWW?AA(0*#%&(-".(UUU(1.-",67(

(

3.5.2 Life expectancy at birth (e) 
Z#E.(.D$.2-)%2+'(:)*.6(,%(1,/-)5#-+(*-)-#*-#2*(,E(%)-#,%*'(61/&(&/9CC(2:&C+(/92+&$7&0@+&
0$0()&C$20()10:&+#A+21+%8+&$7&(&A$A9)(01$%&E@18@&1/&)100)+&(77+80+*&;:&(%:&A(00+2%&$7&0@+&
(5+&(%*&/+#&A:2(C1*.&;:&0@+&A(00+2%&$7&0@+&;120@&2(0+&$2&0@+&@1/0$2:&$7&C152(01$%>(;g^R(

=>``A7(

(

Z#E.(.D$.2-)%2+( #*( -".(1.)%(60/)-#,%(,E( 5#E.(,E()($./*,%(,E(*$.2#E#.6()&.()%6(*.D()%6(

2)%(:.(0*.6()*()(*)E.-+(#%6.D7(G".(ZcF(E,/105)(0*.*(-".(5#E.(.D$.2-)%2+()-(:#/-"(-")-(#*(

-".(1.)%(60/)-#,%(,E( 5#E.()-(-".(-#1.(,E(:#/-"7(RNKB(O)2-:,,4;XWW>A($/,3#6.*(-".(5#E.(

.D$.2-)%2+( E,/( :,-"( &.%6./*( M9"#2"( 3)/#)-.*( *#&%#E#2)55+( #%( *,1.( 2,0%-/#.*M( :0-( -".(

)3./)&.(5#E.(.D$.2-)%2+(9#55(:.(0*.6(#%(-"#*(*-06+7(

*
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*
O#&7(VMXM**Z#E.(.D$.2-)%2+()-(:#/-"($./(2,0%-/+(;+.)/*A(](!,0/2.T(RNKB(O)2-:,,4;XWW>A(

(

L( 5#E.*)3#%&( )2-#,%( -")-( $/.3.%-*( 6.)-"*( )1,%&( YM+.)/M,56*( ")*( )%( #1$)2-( "#&"./'(

$./")$*(:+()%(,/6./(,E(1)&%#-06.'(-")%(#E(#-(9./.()$$5#.6(-,(-".(`Y()&.(&/,0$(;_)-")%#(

.-()5'(XWW>A7(_)-")%#(.-()57(;XWW>A()5*,(6.*2/#:.(3)/#,0*(6#*2,0%-#%&(1,6.5*(-")-(1,6.5(

-".( $,$05)-#,%*( *0/3#3)5( /)-.7( L22,/6#%&( -,( 8)249#-S( ;XWWXA( #%( 2)*.( ,E( E)#50/.( ,E( )(

-.2"%#2)5(,:P.2-(-".(%01:./(,E(5,*-(5#E.(+.)/*(./(#%()%(.3.%-(#*(:.-9..%(W7@`.(;E,/(+,0%&(

&/,0$*(9#-"()(-/#)%&05)/()&.(6#*-/#:0-#,%A()%6()$$/,D#1)-.5+(W7Y.(;E,/()&#%&(&/,0$*A(,%(

)3./)&.7( (G".(FKLO(E,/105)(;*..(.f7(VMVA( (9)*(6./#3.6(0%6./(-".()**01$-#,%(-")-(-".(

/.1)#%#%&( 5#E.( ,E( )%( #%6#3#60)5( )-( )%+( &#3.%( $,#%-( ,E( -#1.( .f0)5*( -,( ")5E( ,E( -".( 5#E.(

.D$.2-)%2+(.()-(:#/-"(;*..(!4P,%&()%6(8,%,56;XWWXA()%6([,%-,3)*;XWWYAA7(

3.5.3 Proportion of life spent in economic activity (w) 
G"#*(#*(-".(1,*-(2,%-/,3./*#)5($)/)1.-./(#%(-".(.*-#1)-#,%(,E(-".(FKLO(3)50.7(g(#*(-".(

$/,$,/-#,%(,E( 5#E.( -#1.(-")-(,%.(*$.%6*( #%(.2,%,1#2()2-#3#-+()%6()*(*02"(6.$.%6*(,%(

-".( 2,0%-/+( )%6( ,%( ,220$)-#,%7( O,/( .D)1$5.'( #%( 6.3.5,$.6( 2,0%-/#.*( )( \X( ",0/*(

9,/4-#1.($./(9..4(#*(2,%*#6./.6()%()3./)&.(3)50.'(:0-(-".(1)D#101(",0/*(,E(9,/4(#%(

)%+(*.3.%M6)+($./#,6(E,/(*.)E)/./*(2)%(:.(0$(-,(`X(;F%-./%)-#,%)5(Z):,/(R/&)%#S)-#,%'(

K,%3.%-#,%( K=?WA'( *..( [,%-,3)*;XWWYA7( L22,/6#%&( -,( 8)249#-S;XWWX'XWWVA( ( 9( ( ")*( )(

3)50.( )/,0%6( W7=@( E,/( 6.3.5,$.6( 2,0%-/#.*( :0-( 2)%( &,( 0$( -,( 1,/.( -")%( W7XW( E,/(

6.3.5,$#%&(2,0%-/#.*7(_)-"9)%#(.-()57(;XWWX'XWW`A($/,$,*.6()%()3./)&.(3)50.(,E(9(2)%(

:.()$$/,D#1)-.5+(-)4.%()*(=e?($./(+.)/(,3./(-".(5#E.(*$)%(,E()%(#%6#3#60)57((L22,/6#%&(

-,( B#-5.3*.%;XWWXA'( n)( 3)50.( ,E( 2( ,E( ,/6./( ,E( *#S.( W7=Y'( )*( 20//.%-5+( $/.E.//.6( #%( -".(

5#-./)-0/.'($0-*(-,,(*1)55(9.#&"-(,%(-".(1,%.+(*#6.o()%6($/,$,*.*()(3)50.(,E(W7V7(((

(



 
THE EFFECT OF RISK ON HUMAN HEALTH 

74 

[,%-,3)*(;XWWYA( #550*-/)-.*(6#EE./.%-(3)50.*(,E( FKLO(E,/(9(3)/+#%&(E/,1(W7=(-,(W7V7(g.(

9#55( 0*.( -".( *)1.( 1.-",6,5,&+( #%( ,/6./( -,( $./E,/1( )( *.%*#-#3#-+( )%)5+*#*( ,E( -".(

2)5205)-#,%( ,E( FKLO7( G".(9,/4M-#1.( E/)2-#,%( #*( ,:-)#%.6( )*( -".( -,-)5( %01:./( ,E(9,/4(

",0/*(6#3#6.6(:+(-".(%)-#,%)5($,$05)-#,%7(G".(-,-)5(%01:./(,E(",0/*(9,/4.6($./(+.)/(

#*( -".( $/,602-( ,E( -".( %01:./( ,E( .1$5,+.6( $.,$5.( )%6( -".( )%%0)5( %01:./( ,E( 9,/4(

",0/*($./(9,/4./7((

(

Q,*-(*-06#.*(.*-#1)-.(9(:+(0*#%&(*,1.()**01$-#,%*(,E(-".(9,/4#%&($/,E#5.*7([,%-,3)*(

;XWWYA()**01.*()%(.D$.2-.6(5#E.()-(:#/-"(-,(:.(?W(+.)/*C(-".(E#/*-(=?(+.)/*()/.()**.**.6(

-,(:.(9,/4(E/..(;5)*-(+.)/*(,E(-".1(,220$#.6(9#-"(.602)-#,%A'(-".(%.D-(YW(+.)/*(,E(5#E.(

)/.(-".(9,/4#%&(+.)/*(;(?(",0/*($./(6)+(#%(Y(6)+*($./(9..4(#%(\Y(9..4*($./(+.)/A()%6(

-".(5)*-(=X()/.(+.)/*(,E(/.-#/.1.%-7(G"#*(&#3.*()(3)50.(,E(9vW7=X>7(L(1,/.(*,$"#*-#2)-.6(

$/,E#5.( #*( 0*.6( :+( _)-"9)%#( .-( )5;=>>`A7( <+( )**01#%&( -")-( #%( _,/-"( L1./#2)'( -".(

HH)3./)&.($./*,%II(9,/4*():,0-(YW(+.)/*(,0-(,E(?W(+.)/*(,E(5#E.'(\?(9..4*($./(+.)/(,0-(

,E(YX'()%6():,0-(\X(",0/*($./(9..4(;#%2506#%&(-#1.(*$.%-(-/)3.55#%&(-,()%6(E/,1(9,/4A(

,0-( ,E( =@?( -".( )//#3.( )-( )( 3)50.( ,E( 9v;YWe?WA;\?eYXA;\Xe=@?AvW7=\\7( <+( E0/-"./(

)**01#%&( -")-( )( 2,%*#6./):5.( $/,$,/-#,%( ,E( -".( -#1.( *$.%-( #%( .2,%,1#2( $/,602-#,%(

&,.*( -,9)/6*( ".)5-"( 2)/.'( -".( 2,%2506.( -")-( 9v;W7=\=A;=eW7=W=AvW7=XYv=e?7( G"#*(

2)5205)-#,%(-)4.*(#%-,(2,%*#6./)-#,%(-")-(-".(-,-)5(".)5-"(2)/.(.D$.%6#-0/.(#%(K)%)6)(#%(

=>>Y(#*():,0-(=W7=�(,E(&/,**(6,1.*-#2($/,602-7((

(

L%,-"./( 9)+( -,( .*-#1)-.( 9( #*( :+( 0*#%&( *-)-#*-#2)5( 6)-)7( F%( ,0/( )%)5+*#*'( 9( 9#55( :.(

2)5205)-.6(0*#%&(-".(RNKB(O)2-:,,4;XWW>A(9"#2"($/,3#6.*(-".()3./)&.(",0/*(9,/4.6(

)*(-".(-,-)5(%01:./(,E(",0/*(9,/4.6(,3./(-".(+.)/(6#3#6.6(:+(-".()3./)&.(%01:./(,E(

$.,$5.( #%( .1$5,+1.%-( ;*..( O#&7VMVA7( g( 9#55( :.( 2)5205)-.6( :+( 6#3#6#%&( -".( )3./)&.(

9,/4.6( ",0/*( $./( +.)/( :+( ?'`@W( ]-")-( #*( -".( -,-)5( %01:./( ,E( ",0/*( $./( +.)/( :+(

)**01#%&( V@Y( 6)+*( $./( +.)/( )%6( X\( ",0/*( $./( 6)+'( 9"#2"( #*( #%( 5#%.( 9#-"( B#-5.3*.%(

;XWWVA7(

(

_,-.( -")-( -"./.( #*()59)+*(*,1.(6.&/..(,E(0%2./-)#%-+( #%(*-)-#*-#2)5(6)-)'( E,/(.D)1$5.(

.1$5,+1.%-( #*( 1.)*0/.6( -"/,0&"( ",0*.",56( 5):,/( E,/2.( *0/3.+*7( O0/-"./1,/.'(

%)-#,%)5(*-)-#*-#2*()/.(%,-()59)+*(2,1$)/):5.()%6(:)*.6(,%()(/)%&.(,E(6#EE./.%-(*,0/2.*(

,E(3)/+#%&(/.5#):#5#-+7((

(
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(
O#&7(VMVM**L3./)&.(",0/*(9,/4.6($./($./*,%(#%(.1$5,+1.%-(](!,0/2.T(RNKB(O)2-:,,4;XWW>A(

(

(

(

RNKB(O)2-:,,4;XWW>A( #%2506.*(3)50.*(E,/(+.)/( E/,1(=>`W(-"/,0&"(XWW`7(N,/*-H/$-L/*

H-B'/* <%$* -BB* CO+P* (%'"#$;/?* <%$* #,/* B-?#* 7Q* )/-$?* 8R,;(,* ;?* -B?%* H/$)* (B%?/* #%* #,/*

F/&;-"=*;?*/S'-B*#%*QT0Q7U(<)*.6(,%(-".(5)-.*-()3)#5):5.(6)-)'(E,/(XWW`'(3)50.(9(3)/#.*(

E/,1(W7=Y>(E,/(_.-"./5)%6*(-,(W'X@\(E,/([,/.)7((

(

(

O#&7(VM\M**U/,$,/-#,%(,E(5#E.(*$.%6(#%(.2,%,1#2()2-#3#-+((](B)-)(E/,1T(RNKB(O)2-:,,4;XWW>A(

(

(

(

Proportion of life spent in economic activity  (w)
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!"% Updated value for Cost of Averting a Fatality (ICAF)$
(

<+(0*#%&(Nf7(`()%6(-".(6)-)(E,/(&'.()%6(9()*((6#*20**.6(#%(!.2-#,%*(\7V7='(\7V7X()%6(\7V7V(

9.(2)%(.*-#1)-.(-".(FKLO(3)50.(E,/()55(RNKBM1.1:./(2,0%-/#.*7(G".(FKLO(3)50.*(E,/()55(

RNKB(2,0%-/#.*(;0*#%&()($/,$,/-#,%(,E(5#E.(*$.%6(#%(.2,%,1#2()2-#3#-+'(9'(.f0)5(-,(=e?A(

)/.(#550*-/)-.6(#%(-".(E,55,9#%&(E#&0/.7(

<+(*.--#%&(E)2-,/(H9I(.f0)5(-,(W7=XY(-".()3./)&.(FKLO(3)50.(E,/(XWW@(#*(u(\'VY@'Y=?7>@((

)%6(E,/(+.)/*(XWW@MXWW`(-".()3./)&.(FKLO(#*(uV'`@`'WV=7X\7(O0/-"./1,/.'(:+(0*#%&(-".(

)3./)&.( 3)50.( E,/( )55( RNKB( 2,0%-/#.*( E,/( -".( 5)*-( =W( +.)/*( M-")-( #*( 9( vW'XW=( ;)*(

2)5205)-.6( #%( !.2-#,%( V7YAM( )3./)&.( FKLO( 3)50.( E,/( +.)/*( XWW@MXWW`( -".( )3./)&.( FKLO(

:.2,1.*(u(X'=YX'Y>W7(

(

g.( 2)%( )5*,( 2)5205)-.( -".( )3./)&.( FKLO( 3)50.( :+( 0*#%&( -".( -#1.( E)2-,/( 9( )*( #-( #*(

.*-#1)-.6( E,/( .)2"( 2,0%-/+( :+( 0*#%&( -".( -H/$-L/* ,%'$?* R%$@/&* ./$* ./$?%"* ;"*

/F.B%)F/"#7( F%( -"#*( 2)*.'( <%$* )/-$?* 0QQQD0QQ4* #,/* -H/$-L/* !+AJ* L%/?* &%R"* #%* V*

0T0W4TW1QT* R,;(,* ;?* R/BB* E/B%R* #,/* V1F;BB;%"* )-$&?#;(@* E/;"L* ('$$/"#B)* ;"* '?/U*

(

(
_,-.*T=7(Z)-.*-()3)#5):5.(6)-)()/.(E,/(+.)/(XWW@(;*..(RNKB(O)2-:,,4'(XWW>A(

X7(U/,$,/-#,%(,E(5#E.(*$.%-(#%(.2,%,1#2()2-#3#-+(((#*(*.-(-,(9vW7=XY()*(#%(/.5)-#3.(*-06#.*(

(

O#&(VMYTb$6)-.6(FKLO(J)50.*((](B)-)(E/,1T(RNKB(O)2-:,,4;XWW>A(
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!"& Non linearities in estimating benefits from reductions in the 
risk to humans$

G,(:.&#%(9#-"'(#*(,:3#,0*(-")-(:,-"(1,/-)5#-+()%6(1,/:#6#-+(2)%(:.()**.**.67(_01./,0*(

.D)1$5.*( ,E( ",9( 2,*-( .EE.2-#3.%.**( )%)5+*#*( 2)%( :.( )$$5#.6( #%( -".( 2)*.( ,E( $,-.%-#)5(

"01)%( 5,**(")3.(:..%($/.*.%-.6'( *..( E,/(.D)1$5.( -".(O!L( *-06#.*( *0:1#--.6( -,( -".(

FQR7(_,-.(-")-(-".(,%5+(-.2"%#f0.(0*.6(9#-"#%(O!L(#*(KNLC($/,:):5+()*()(/.*05-(,E(-".(

,$$,*#-#,%(,E(.D$./-*(-,(1,%.-#S.(/#*4(-,("01)%(5#E.7(F%()66#-#,%'(9#-"#%(O!L(,0-2,1.(#*(

1.)*0/.6( :+( -".( %01:./( ,E( E)-)5#-#.*( )3./-.6( )5-",0&"( #%( ,-"./( #%60*-/#.*( -".(

1,*-(9#6.5+(0*.6(,0-2,1.(1.)*0/.(#*(-".(f0)5#-+M)6P0*-.6(5#E.M+.)/*(;cLZdA7(

(

R%(-".(,-"./(")%6'(9#-"#%(K<L(,E(/.&05)-,/+($,5#2#.*'(-".(,0-2,1.(1.)*0/.(#*(#%(1,*-(

2)*.*(-".(*,M2)55.6(n3)50.(,E()(*-)-#*-#2)5( 5#E.o( ;J!ZA7(g#-",0-(&.--#%&( #%-,(1,/.(6.-)#5(

#%-,( -"#*( /)-"./(6#EE#205-( *0:P.2-'(,%.(,E( -".(9)+*( -,()//#3.()-( *02"()($/#2.( #*( -"/,0&"(

g#55#%&%.**( -,( U)+( ;gGUA( :+( )%*9./#%&( -".( f0.*-#,%( na$E& C98@& E$9)*& 1%*1=1*9()/&
/(821718+&0$&(8@1+=+&(&/C())&2+*9801$%&1%&0@+&A2$;(;1)10:&$7&*+(0@&*921%5&(&51=+%&A+21$*&
$7&01C+h>(;!-)3#%*'(XWW?A7(!#1#5)/5+'(-".(g#55#%&%.**(-,(U)+(;gGUA(#*(-".(2,1$.%*)-#,%(

-")-( #%6#3#60)5*( 9,056( )22.$-( E,/( )( *1)55( #%2/.)*.( #%( -")-( $/,:):#5#-+7( O0/-"./1,/.(

)22,/6#%&(-,(!-)3#%*(;XWW?A'(J!Z(1)+(:.(3#.9.6()*(-".(nC(251%()&=()9(01$%&7$2&(&/C())&
8@(%5+&1%&21/3&0@(0&1/&+#02(A$)(0+*&0$&(&21/3&8@(%5+&$7&No7((
(

O,/(.D)1$5.'(#E()%(#%6#3#60)5(#*(9#55#%&(-,($)+(uV(E,/()(/#*4(/.602-#,%(E/,1(\(#%()(1#55#,%(

-,(V(#%()(1#55#,%(-".%(-".(3)50.(,E(*-)-#*-#2)5(5#E.;J!ZA(#*T(((((

*
(

F-(#*(,:3#,0*(-")-(-"#*(6,.*(%,-(1.)%(-")-()%(#%6#3#60)5(#*(9#55#%&(-,($)+(uV(1#55#,%*(-,(

)3,#6()(2./-)#%(6.)-"7(LE-./()55'()*4#%&(*02"()(f0.*-#,%(*..1*(#11,/)57(^,9.3./(-"#*(#*(

)5*,(-".(*01(,E(1,%.+(-")-(*,2#.-+(9,056($)+(-,(.5#1#%)-.()(/#*4(-")-(#*(.D$.2-.6(-,(4#55(

,%.(2#-#S.%7(

(

F%(1)/#-#1.(/#*4()**.**1.%-()%6(1,/.(*$.2#E#2)55+(9#-"#%(O!L'(-".(2,*-(.EE.2-#3.%.**(,E(

/#*4( /.602-#,%(1.)*0/.*( -")-()22.**( *)E.-+(,E("01)%( 5#E.( #*( )**.**.6( -"/,0&"( -".( *,M

2)55.6( nK,*-( ,E( L3./-#%&( )( O)-)5#-+o( ;KLOA7( L%+( 1.)*0/.( 9#-"( )%( #%2/.1.%-)5( 2,*-(

.EE.2-#3.%.**( /)-#,( 5.**( -")%( -".( 3)50.( ,E( -".( *,M2)55.6( nF1$5#.6( K,*-( ,E( L3./-#%&( )(

O)-)5#-+o(;FKLOA(*",056(:.(/.2,11.%6.6(-,(:.()$$5#.67( F%()55(/.2.%-(O!L(*-06#.*'(2,*-(

.EE.2-#3.%.**(#*(5#1#-.6(-,(1.)*0/#%&(E)-)5#-+(/#*4(/.602-#,%(0*#%&(-".(uV1(2/#-./#,%7((

(

6
6 6 6

$3 $3VSL $3 10
4 10 3 10 1 10! ! !

= = = "
" ! " "
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G"#*(2/#-./#,%(#*(-,(2,3./(E)-)5#-#.*(E/,1()22#6.%-*()%6(#1$5#2#-5+'()5*,'(#%P0/#.*()%6e,/(#55(

".)5-"(E/,1(-".17(G"./.()/.()5*,(-9,(,-"./(2/#-./#)'(,%.(#*(-,(2,3./(,%5+(/#*4(,E(E)-)5#-+(

)%6()%,-"./(-,(2,3./(/#*4(E/,1(#%P0/#.*()%6(#55(".)5-"()%6(:,-"(")3.()(3)50.(,E(u=7Y17(

G".(FKLO(3)50.(,E(uV(1#55#,%(2)%(:.(#%-./$/.-.6(D(/&0@+&+8$%$C18&;+%+710/&$7&(=+201%5&(&
7(0()10:D( ;[/#*-#)%*.%'( XWWDA7( G"#*( -"/.*",56( #*( 2)5205)-.6( :)*.6( ,%( -".( )%)5+*#*( ,E( )(
*,2#)5( #%6#2)-,/'( -".( *,( 2)55.6( Z#E.( c0)5#-+( F%6.D'( *..( !4P,%&( )%6( 8,%,56( ;=>>?A( )%6(

[,%-,3)*(;XWWYA(E,/()%(0$6)-.6()%)5+*#*7(g.(1)+()/&0.(-")-( FKLO(")*(.**.%-#)55+(-".(

*)1.(1.)%#%&()*(-".(3)50.(,E(*-)-#*-#2)5(5#E.7((

(

G".%'(-".(f0.*-#,%(-")-(1)+()/#*.(#*(9"+(-"#*(2,*-(.EE.2-#3.%.**(-"/.*",56(,/(*#1#5)/5+(

-"#*(3)50.(6,.*(%,-(6.$.%6(,%(-".(/#*4(/.602-#,%7(O,/(.D)1$5.'(#%()55(2)*.*'()(*#%&5.($./(

0%#-(3)50.( #*(2,11,%5+()22.$-):5.(9#-"#%(O!L(*-06#.*(9".%()22.**#%&(/#*4*(-,("01)%(

5#E.7(g.()/&0.(-")-(-".(:.%.E#-*(,E(/#*4(/.602-#,%*(1.)*0/.*()/.()(%,%(5#%.)/(E0%2-#,%(,E(

-".(/#*4(/.602-#,%(9"#2"(#%(-"#*(2)*.(9.(1.)*0/.(:+(0*#%&(-".(%,-#,%(,E($,-.%-#)5(5,**(

,E(5#E.7(_,-.(-")-(#%(-".(2)*.(,E("01)%(*)E.-+'(/#*4(/.602-#,%*()/.'(",9.3./'(*1)557((

(

F%( ,0/( ,$#%#,%'( -".*.( *1)55( E#&0/.*( 2,%-/#:0-.( -,( -"#*( $./2.$-#,%7( G".( %,%( 5#%.)/#-+(

9,056( :.( ,:3#,0*( #E( -".( )1,0%-( ,E( 5,**( ,E( 5#3.*( )3./-.6(9"./.( &/.)-./( -")%( ='( ,/( #E(

)%,-"./(0%#-(9)*(0*.67(O,/(.D)1$5.(-"./.(#*(%,(6,0:-(-")-(1,/-)5#-+(/#*4(9,056(%,-(:.(

)**01.6(2,%*-)%-( #E( #-(9)*(%,-(1.)*0/.*( #%()($./( 5#E.(:)*#*(:0-( 5.-I*( *)+( #%()($./(6)+(

:)*#*7(R/(-,(.1$")*#S.(-")-(-"#*(3)50.()$$5#.*(,%5+(E,/(*1)55($/,:):#5#-#.*'(5#4.(^,9)/6(

;=>?WA'(9.( 2,056( -"#%4( ):,0-( -".(gGU(,/(gGL()*( -".()1,0%-(,E(1,%.+($./(,%.M#%M

,%.M1#55#,%($/,:):#5#-+(,E(6.)-"(,/(n1#2/,1,/-o7(^,9)/6(;=>?\'(=>?>A()63,2)-.6(-".(

2,%2.$-(,E( )(1#2/,1,/-( ;H1#2/,I( E,/(1#55#,%-"( )%6( H1,/-I( E,/(1,/-)5#-+A( -,(6.*2/#:.( )(

,%.M#%M)M1#55#,%( 2")%2.( ,E( 6.)-"7( ^,9)/6( ;=>?\A( ")*( )5*,( *0&&.*-.6( ,-"./(

%,1.%25)-0/.'( *02"()*( )( n1#2/,6#*):#5#-+o( E,/( /#*4*( -")-( 5.)6( -,(6#*):#5#-+( /)-"./( -")%(

6.)-"'(9.(2,056(.3.%(0*.(n1#2/,1,/:o(E,/(1,/:#6#-+(/#*4(/.602-#,%*(;K)1./,%'(XW=WA7((

FE(-".*.(-#%+(/#*4(0%#-*(9./.(0*.6(#-(#*(,:3#,0*(-")-(gGU()%6(gGL(2,056(%,-(:.(2,%*-)%-(

.3.%(E,/(*1)55(/#*4(/.602-#,%*7(

(

G,(.5):,/)-.()(5#--5.(:#-(1,/.(,%(-"#*(9.(9#55($/.*.%-(-".(2)*.(,E(1,/:#6#-+7((F%(".)5-"(

.2,%,1#2*()%6(#%(-".(O!L(&0#6.5#%.*'(-".(*,(2)55.6(cLZd()*()(1.)*0/.(,E(1,/:#6#-+(#*(

$/.*.%-.67(G".(c0)5#-+(L6P0*-.6(Z#E.(d.)/(;cLZdA(-)4.*(#%-,()22,0%-(-".(f0)%-#-+()%6(

f0)5#-+( ,E( 5#E.( -")-( #*( *)3.6( :+( 0*#%&( )( /#*4( /.602-#,%(1.)*0/.7( L22,/6#%&( -,( -".( O!L(

a0#6.5#%.*(;FQR'XWW`A(n0@+&;(/18&1*+(&$7&(&iYbj&1/&/02(15@07$2E(2*?&F0&0(3+/&$%+&:+(2&$7&
A+27+80&@+()0@R)17+&+#A+80(%8:&0$&;+&E$20@&N.&;90&2+5(2*/&$%+&:+(2&$7&)+//&0@(%&A+27+80&
)17+& +#A+80(%8:& (/& )+//& 0@(%& N?>( g#-"#%( -".( *2,$.( ,E( O!L'( #-( #*( )**01.6( -")-( ,%.(

$/.3.%-.6(E)-)5#-+(#1$5#.*(VY(c0)5#-+(L6P0*-.6(Z#E.(d.)/*(&)#%.6'(*..(Q!K(`Xe=@7(

(
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L2-0)55+'(#-(#*(9#6.5+()22.$-.6(-")-(-".(gGU($./(.D$.2-.6(cLZd(#*(%,-(2,%*-)%-()2/,**(

".)5-"( /#*4*( )%6( #%6#3#60)5*7(^)11#--(,E(^)/3)/6(b%#3./*#-+(")*(9/#--.%(,%( -"#*( #**0.(

,3./( )%6( ,3./7( 6"8$%$C18& 0@+$2:& /955+/0/& 0@(0& TW4& /@$9)*& 1%82+(/+& ()C$/0&
A2$A$201$%(0+):&0$&0@+&/1,+&$7&0@+&21/3&8@(%5+>(;8,:#%*,%()%6(^)11#--'(XW=WA7(^)11#--(

;XWWYA(*-)-.*( -")-(6:$9&8$9)*& 0@1%3&$7&E1))1%5%+//& 0$&(88+A0&8$CA+%/(01$%& 7$2&(&/C())&
1%82+(/+&1%&21/3?&Z$2&/C())&8@(%5+/.&0@+&/)$A+&1/&0@+&/(C+?&F0&*$+/%-0&C(00+2&17&E+&0@1%3&
$7&E1))1%5%+//&0$&A(:&$2&E1))1%5%+//&0$&(88+A0D&)%6(N.24",06-()%6(^)11#--(;XWW=A(-")-(

.D)1#%.( -".( .EE.2-*( ,E( :)24&/,0%6( 1,/-)5#-+( )%6( E#%)%2#)5( /#*4*( ,%( )%( #%6#3#60)5I*(

9#55#%&%.**(-,($)+(-,(/.602.("#*(1,/-)5#-+(/#*4(;-".(3)50.(,E(*-)-#*-#2)5(5#E.(,/(J!ZA(%,-.(

-")-(DW@+&+77+80/&$7&)(25+&C$20()10:&$2&71%(%81()&21/3/&$%&'[b&8(%&;+&/9;/0(%01().&;90&0@+&
+77+80/& $7& /C())& ;(8352$9%*& 21/3/& (2+& %+5)151;)+D?& N1$#/#2)5( *-06#.*( ")3.( E,0%6( -")-(

#%6#3#60)5*(*-)-.()(2,%*-)%-(gGU(E,/(*1)55(/#*4(/.602-#,%*()%6(,%.($,**#:5.(.D$5)%)-#,%(

1)+( :.( n-")-( 1%*1=1*9()/& (2+& 1%*177+2+%0& ;+0E++%& 21/3& 8@(%5+/& $7& 0@+/+&C(5%109*+/o7(
;8,:#%*,%()%6(^)11#--'(XW=WA7((

(

L&)#%'()*(6#*20**.6(:.E,/.(#%(1,*-(/#*4()%)5+*.*(-")-()**.**(-".(/#*4(-,("01)%(5#E.(-"./.(

9)*(%.3./()%()550*#,%(-")-()(%,%(5#%.)/(n2,*-o(E0%2-#,%(*",056(:.(0*.67(R%.(/.)*,%(#*(

-")-( /#*4( 2")%&.*( ,E( *02"( *1)55(1)&%#-06.*( )/.( %,-(9.55( 0%6./*-,,6( :+( /.*.)/2"./*7(

^,9.3./'( -"./.( #*( %,( .3#6.%2.( -")-( )%( #%6#3#60)5( 1)+( *-)-.( -".( *)1.(gGU( E,/( /#*4(

/.602-#,%*( ,E( 5.-*( *)+( =( cLZd( )%6( X( cLZd7( !#1#5)/5+( 9".%( )22.**#%&( -".( /#*4( ,E( ,#5(

$,550-#,%(-".(3)50.(,E(/#*4(/.602-#,%(#%(-./1*(,E(-,%%.*()3./-.6()/.(9)+(5)/&./()%6(-"0*(

-".(0*.(,E(%,%(5#%.)/(6)1)&.(E0%2-#,%*(#*(3#.9.6()*(-".(%,/17(((

(

L%,-"./'(1)#%(/.)*,%(")*(-,(6,(9#-"(-".(E)2-(-")-(-".(uV1#55#,%(E#&0/.(#*(6#/.2-5+(5#%4.6(

-,(2,*-(.EE.2-#3.%.**()%)5+*#*(9"./.(-".(0*.(,E()(2,%*-)%-(E#&0/.( #*( #%6#/.2-5+( #1$5#.67(

l,")%%.**,%(;=>>YA(9/#-.*(-")-(60@+&*177+2+%8+&;+0E++%&8$/0R;+%+710&(%():/1/&(%*&8$/0R
+77+801=+%+//& (%():/1/& 1/& 0@(0& 1%& 8$/0R+77+801=+%+//& (%():/1/& 0@+&E1))1%5%+//& 0$& A(:& A+2&
iYbj&5(1%+*&1/&(//9C+*&0$&;+&0@+&/(C+&7$2&())&1%*1=1*9()/&9%*+2&())&81289C/0(%8+/&(%*&
7$2&())&/1,+/&$7&0@+&8@(%5+&1%&iYbj/?>&8.2)55(E/,1(!.2-#,%(X7V(-")-(-".(,%5+(9)+(-,(")3.(

)( 5#%4( :.-9..%( KNL( )%6( K<L( #*( -,( 0*.( -".( *)1.( ( 6,55)/( $./( /#*4( 0%#-( 3)50.( ,E( -".(

,0-2,1.( #%(-".(*)1.(*.%*.(-")-( ( #E( -".(gGU($./(.D$.2-.6(cLZd(9)*(2,%*-)%-()2/,**(

".)5-"(/#*4*()%6(#%6#3#60)5*'(-".%()(2,*-(:.%.E#-()%)5+*#*(-")-(0*.*(-"#*(2,%*-)%-(gGU(-,(

1.)*0/.(:.%.E#-*()%6()(2,*-M.EE.2-#3.%.**()%)5+*#*(-")-(0*.*(cLZd*(-,(1.)*0/.(".)5-"(

.EE.2-*( 9,056( $/,602.( .f0#3)5.%-( /.*05-*( ;l,")%%.**,%'( =>>YC( a)/:./( )%6( U".5$*'(

=>>`A7(

(

(

( (
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4  
THE ECONOMIC EFFECTS OF OIL SPILLS 

g"#5.(#-(#*(&.%./)55+()22.$-.6(-")-(-".(,3./)55(5.3.5(,E(1)/#-#1.(*)E.-+(")*(#1$/,3.6(#%(

/.2.%-(+.)/*'(E0/-"./(#1$/,3.1.%-*()/.(*-#55(6.*#/):5.7(G".(*)1.(#*()5*,(-/0.()*(/.&)/6*(

-".(5.3.5(,E($/,-.2-#,%(,E(-".(1)/#%.(.%3#/,%1.%-7( F%(-".(5)*-(6.2)6.'(-".(%01:./(,E(

,#5( *$#55*( )%6( -".( -,-)5( f0)%-#-+( ,E( ,#5( *$#55.6( #%( -".( *.)*( ")3.( 6.25#%.6( )*( #-( 9#55( :.(

*",9%(:.5,97( F%(*$#-.(,E(-"#*($,*#-#3.(6.3.5,$1.%-'(,%.(9,056( 5#4.(-,(4%,9(",9(-".(

2,*-(2,1$,%.%-*()**,2#)-.6(9#-"(,#5( *$#55*(:.")3.'()%6(-"#*(!.2-#,%()--.1$-*(-,(*".6(

*,1.(5#&"-(#%-,(-"#*(f0.*-#,%7(L(E#/*-(*-.$(#*(-,()%)5+S.(-".(*,0/2.*(,E(,#5(*$#55*7(

(

4.1 Introduction to Oil Spills and its Sources 
!#%2.( =>`\( -".( F%-./%)-#,%)5( G)%4./( R9%./*( U,550-#,%( O.6./)-#,%( ;FGRUOA( ")*(

1)#%-)#%.6()(6)-):)*.(,E(1,/.(-")%(=W'WWW(,#5(*$#55*(E/,1(-)%4./*'(2,1:#%.6(2)//#./*(

)%6(:)/&.*7(G".(FGRUO(6)-):)*.(#%2506.*()55(/.$,/-.6()22#6.%-)5(*$#55)&.*(;.D2.$-(-",*.(

/.*05-#%&(E/,1()2-*(,E(9)/A(9"#2"()/.(6#3#6.6(#%-,(-"/..(2)-.&,/#.*(:+(*#S.(;5.**(-")%(`(

-,%%.*'(:.-9..%(`()%6(`WW(-,%%.*()%6(&/.)-./(-")%(`WW(-,%%.*A7( F-(*",056(:.(%,-.6(

-")-(-".(E#&0/.*(E,/(-".()1,0%-(,E(,#5(*$#5-(#%(-".(E,55,9#%&()%)5+*#*($/.*.%-(-".(-,-)5(,#5(

5,*-(-,(-".(.%3#/,%1.%-(;#%2506#%&(-".(,#5(,%.(-")-(#*(:0/%-()%6(-".(,%.(-")-(/.1)#%*(#%(

)(*0%4.%(3.**.5A7(L22,/6#%&(-,(FGRUO(;(^0#P./(;XWWYA()%6(FGRUO;XWW>A(A(-".(1)P,/#-+(,E(

/.$,/-.6( *$#55*( )/.( E/,1( *1)55( ,$./)-#,%)5( *$#55)&.*( ,E( 5.**( -")%( `( -,%%.*( E,/( 9"#2"(

2,1$5.-.( /.$,/-#%&( #*( 6#EE#205-( )%6'( -"0*'( 6)100)+& /0(01/018()& 2+)1(%8+& 1/& A)(8+*& $%& 0@+&
*(0(>?&&&
(

G):5.( \M=( $/.*.%-*( -".( %01:./( ,E( #%2#6.%2.*( ,E( *$#55*( 2)-.&,/#S.6( :+( 2)0*.( E,/( -".(

$./#,6( =>`YMXWW?7( K,%*.f0.%-5+'( O#&0/.( \M=( 3#*0)5#S.*( -".( 6)-)( E/,1( -"#*( -):5.( :+(

*",9#%&(-".($./2.%-)&.*(,E(.)2"(2)0*.(E,/(-".(*$#55(*#S.(2)-.&,/#.*()%6(E,/(*$#55*(,3./(`(

-,%%.*7(

(

(

(

(

(
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(

G):5.(\M=T((F%2#6.%2.(,E(!$#55*(:+(K)0*.'(=>`\MXWW?M(!,0/2.T(FGRUO(;XWW>A*

+AX6O* * Y5* 5D5QQ* Z5QQ* Z5* NCNA[*

C\O>AN!CI6* ( ( ( ( (

Z,)6#%&eB#*2")/&#%&( X?XY( VV\( VW( V@\( V=?>(

<0%4./#%&( Y\>( X@( W( X@( Y`Y(

R-"./(,$./)-#,%*( ==`?( Y@( =( Y`( =XVY(

( ( ( ( ( ( (

A++!POIN6* ( ( ( ( (

K,55#*#,%( ( =`Y( VWV( >>( \WX( Y``(

a/,0%6#%&( XV?( XX@( ==>( V\Y( Y?V(

^055(O)#50/.( Y`@( >W( \V( =VV( `W>(

O#/.eND$5,*#,%( ??( =@( VW( \@( =V\(

R-"./( ( X=??( =YX( X@( =`?( XV@@(

( ( ( ( ( ( (

NCNA[* ( `?=`( =XWV( V\?( =YY=( >V@?(

  

  
O#&7\M=T((U./2.%-)&.(,E(F%2#6.%2.(,E(!$#55*(:+(K)0*.'(=>`\MXWW?((((((((

(;(:)*.6(,%(6)-)(E/,1(FGRUO;XWW>A(A*
(
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F-( #*()$$)/.%-(E/,1(-".():,3.(E#&0/.(-")-(1,*-(*$#55*(E/,1(-)%4./*(/.*05-(E/,1(/,0-#%.(

,$./)-#,%*'(9"#2"(%,/1)55+(,220/(#%($,/-*()%6(,#5(-./1#%)5*7(G".(1)P,/#-+(,E(-".*.(*$#55*(

)/.( *1)55( ;5.**( -")%( `( -,%%.*A7( RE( -".( )22#6.%-)5( 2)0*.*'( 1,*-( #%2#6.%-*( )/.( E/,1(

2,55#*#,%*( )%6( &/,0%6#%&*7( G".*.( /.*05-*( )/.( #%( 5#%.( 9#-"( ^0#P./( ;XWWYA( )%6( <0/&".//(

;XWW`A7(F%()66#-#,%'(3)/#,0*(2)*0)5-+()%)5+*.*(")3.(:..%($./E,/1.6(E,/(,#5(2)//#./*'(*..(

E,/( .D)1$5.( N5#,$,05,0( )%6( U)$)%#4,5),0( ;XWW`A( )%6( U)$)%#4,5),0( .-( )57( ;XWW`A7( F%(

)66#-#,%'(-".(/#*4(,E(,#5($,550-#,%(E/,1(*"#$()22#6.%-*(")*(:..%()5*,()66/.**.6()1,%&(

,-"./*( #%( a#S#)4#*( )%6( <)/6#Ma4#S#)4#*( ;XWWXA'( J.%-#4,*( )%6( U*)/)E-#*( ;XWWVA'(

U)$)%#4,5),0(.-()57(;XW=WA7(

(

^,9.3./'( 9.( *",056( *-/.**( -")-( -".( 2)-.&,/#.*( 2,%*#6./.6( ;K,55#*#,%'( ND$5,*#,%eO#/.'(

a/,0%6#%&'(^055e!-/02-0/)5(O)#50/.()%6(R-"./A()/.(-".(*)1.(9#-"(-",*.(0*.6(:+(Z5,+6*I(

ZQFb'(FQR'(FGRUO()%6(,-"./(2)*0)5-+(6)-):)*.*7(Q)%+(*02"(6)-):)*.*()/.(1,/.(0*.E05(

E,/()&&/.&)-.(*-)-#*-#2)5()%)5+*#*(,E(2)*0)5-+(6)-)()%6(5.**(0*.E05(-,(6/)9(2,%250*#,%*()*(

-,( -".( /.)5( 2)0*.(,E()%()22#6.%-()%6( -".( *.f0.%2.(,E(.3.%-*( /.5)-.6( -,( #-7( G".( 5)--./(

1)+( )2-0)55+( :.( )( 2,1$5.D( -)*4( -,( )*2./-)#%'( )*( #-(1)+( :.( -".( ,:P.2-( ,E( )%( )22#6.%-(

#%3.*-#&)-#,%( -")-( 1)+( -)4.( +.)/*( -,( 2,1$5.-.'( %,-( -,( 1.%-#,%( -")-( #-( 1)+( :.( -".(

,0-2,1.( ,E( )( 5#-#&)-#,%( $/,2.**( -")-( 2)%( :.( .f0)55+( )*( 5,%&7( L%,-"./( 6/)9:)24( ,E(

6)-):)*.*(*02"()*(-".():,3.(#*(-")-(/,,-(2)0*.(#%E,/1)-#,%(#*(0*0)55+(1#**#%&'()*(*02"(

#%E,/1)-#,%( 2)%( ,%5+( :.( /.-/#.3.6( )E-./( 2,%*#6./):5.( )%)5+*#*( ,E( -".( )22#6.%-*(

-".1*.53.*7( g,/4#%&( 9#-"( 2)*0)5-+( 6)-):)*.*( -")-( ")3.( #%2,1$5.-.( ,/( .3.%( 9/,%&(

2)0*.( #%E,/1)-#,%(1)+(*4.9(-".(.%*0#%&()%)5+*#*'($)/-#205)/5+( /.&)/6#%&(1.)*0/.*( -,(

/.602.(/#*47((

(

Ñ".(5)24(,E(*0EE#2#.%-()%6(/.5.3)%-(2)*0)5-+(6)-)()%6(-".(5)24(,E(6)-)(,%(-".(/,,-(2)0*.*(

,E()22#6.%-*(#%(-".(.D#*-#%&(6)-):)*.*(")*(:..%(/.$.)-.65+(*-/.**.6'(*..([,%-,3)*()%6(

U*)/)E-#*( ;XWW>A7(O,/(.D)1$5.'(6)-):)*.*(2)-.&,/#S.(2)*0)5-#.*()*(2,55#*#,%'(&/,0%6#%&'(

E#/.'( .D$5,*#,%'( E,0%6./#%&( .-27( <0-( -".*.( )/.( 2,%*.f0.%2.*'( %,-( 2)0*.*7( !,1.-"#%&(

)59)+*( ")$$.%.6( :.E,/.( )( &/,0%6#%&( ,/( )( 2,55#*#,%( ,220//.6'( )%6( E,20*#%&( ,%( -".(

2,%*.f0.%2.( )%6( %,-( -".( /,,-( 2)0*.( 1)+( *4.9( -".( )%)5+*#*( -")-( E,55,9*'( )%6( ;)-(

1#%#101A( *"#E-( /.&05)-,/+( E,20*( -,( 1.)*0/.*( -")-( 1#-#&)-.( -".( 2,%*.f0.%2.( /)-"./(

-")%($/.3.%-(-".(2)0*.7(

(

Z)24( ,E( /.)5( 2)0*.( #%E,/1)-#,%( #%( 2)*0)5-+( 6)-):)*.*( /.1)#%*( )( *./#,0*( "#%6/)%2.( -,(

/.*.)/2"./*()%6(/#*4()%)5+*-*7((<.2)0*.(,E(0%25.)/(,/(1#*5.)6#%&(2)0*.(#%E,/1)-#,%'(-".(

/.2,11.%6.6(8#*4( K,%-/,5(R$-#,%*( ;8KR*A( -.%6( -,( :.( &.)/.6( -,9)/6(1#-#&)-#%&( -".(

2,%*.f0.%2.*( ,E( )22#6.%-*( #%*-.)6( ,E( $/.3.%-#%&( -".( )22#6.%-( #%( -".( E#/*-( $5)2.( ;#7.7(

8KR*(1)+(:.($/,$,*.6(*,(-")-(-".(3.**.5(:.--./(9#-"*-)%6*()(2,55#*#,%A7( (^,9.3./'( #E(

*0EE#2#.%-( 6)-)( 9)*( )3)#5):5.( E,/( -".( /,,-( 2)0*.( ,E( -".( 2,55#*#,%'( :.--./( )%6( $,**#:5+(
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102"( 1,/.( 2,*-( .EE.2-#3.( 8KR*( 2,056( :.( $/,$,*.6( ;"+$,-".-#2)55+( 60$5#2)-#,%( ,E( )(

*1)55( 1.2")%#2)5( $)/-( 9",*.( E)#50/.( 1)+( 5.)6( -,( 5,**( ,E( $,9./( e( *-../#%&A7( ( Q,*-(

#1$,/-)%-5+'(-".()22#6.%-(2,056(:.($/.3.%-.67(

(

F%(-"#*(2,%-.D-'(9.(6/)9()--.%-#,%(-,(/.2.%-(FQR(6,27(Q!K(?@e=>e=(:+(a./1)%+'()%6(

-,( 6,27( Q!K( ?@e=`e=( :+( a/..2.'( -")-( 1)4.( -"#*( #1$,/-)%-( $,#%-( ;)1,%&( ,-"./*A'( )(

$,#%-(9"#2"(")*( ;-,(,0/(4%,95.6&.()-( 5.)*-A'( /.2.#3.6( E)/( 5.**()--.%-#,%( -")%(9")-( #-(

6.*./3.*7(O,/()(6#*20**#,%(,E( #**0.*($./-)#%#%&(-,(0*.*(,E(2)*0)5-+(6)-):)*.*'(*..()5*,(

B.3)%%.+(;XWW?A7(

(

a.--#%&(:)24(-,(-".()%)5+*#*'()*(9.(6#*20**.6(:.E,/.'( -".(1)P,/#-+(,E()22#6.%-)5(*$#55*(

,%(FGRUOI*(6)-)*.-(E)55(#%-,(-".(2)-.&,/+(,E(*$#55*(5.**(-")%(`(-,%%.*7(O0/-"./1,/.'(-".(

%01:./(,E(*$#55*($./(+.)/(E,/()22#6.%-)5(*$#55*(,E(5.**(-")%(`(-,%%.*(#*(%,-($/.*.%-.6(:+(

FGRUO7( O#&0/.( \MX( *",9*( -".( %01:./( ,E( *$#55*( $./( +.)/( )%6'( )*( ,%.(1)+( %,-#2.'( -".(

6,1#%)%-(*#S.(2)-.&,/+(#*(-")-(,E(`M`WW(-,%%.*7(F-(#*()5*,()$$)/.%-(-")-(-"./.(")*(:..%(

)(6.2/.)*.(#%(-".(-,-)5(%01:./(,E(*$#55*()*(9.(9#55($/,3.(5)-./(,%7(

(

O#&7\MXT((L%%0)5(c0)%-#-+(,E(R#5(*$#5-'(=>`\MXWW?(M(:)*.6(,%(6)-)(E/,1(FGRUO;XWW>A(
(

(

G".( *)1.( 6,9%9)/6( -.%6.%2+( #*( )$$)/.%-( #%( -".( -,-)5( )%%0)5( f0)%-#-+( ,E( ,#5( *$#5-(

60/#%&(-".(5)*-(6.2)6.(;*..(O#&7(\MXA7(LE-./(-".()22#6.%-*(,E(-)%4./*(^.)3.%(;=\\'WWW(-A(

)%6(L<G(!011./(;X@W'WWW-A( #%(=>>='(%,()22#6.%-():,3.(=WW'WWW-(")*(")$$.%.6()%6'(

-"0*'( -".( -,-)5( )1,0%-( ,E( ,#5( *$#5-( 6.2/.)*.6( 2,%-#%0,0*5+7( O#&0/.( \MV( $/.*.%-*( -".(

)3./)&.(*$#55(*#S.($./(+.)/()%6()*(,%.(1)+(%,-#2.()E-./(=>>=()55()3./)&.(*$#55(*#S.*()/.(

:.5,9(\'WWW(-,%%.*7(
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*
O#&7(\MVT((L3./)&.(c0)%-#-+(,E(R#5(*$#5-($./(F%2#6.%-'(=>`\MXWW?(M((:)*.6(,%(6)-)(E/,1(FGRUO;XWW>A(

(

L22,/6#%&( -,( FGRUO;XWW>A( 60@+& 1%81*+%8+& $7& )(25+& /A1))/& 1/& 2+)(01=+):& )$E& (%*& *+0(1)+*&
/0(01/018()&(%():/1/&1/&2(2+):&A$//1;)+.>(-"0*'(.1$")*#*(#*(,%5+(&#3.%(,%(#6.%-#E+#%&(-/.%6*(

;*..(^0#P./(;XWWYA()%6(<0/&".//(;XWW`AA7(<0/&".//(;XWW`A($/,3#6.*()%(#%M6.$-"()%)5+*#*(

,E()22#6.%-)5(,#5(*$#55*(E/,1(-)%4./*(#E(,#5(*$#55*():,3.(`WW-(E,/(-".($./#,6(,E(=>`WMXWW\7(

<.*#6.*( -".( -/.%6*( #6.%-#E#.6( #%( -")-( $)$./'( )( &5,:)5( )%)5+*#*( )66/.**#%&( *$)-#)5(

)0-,2,//.5)-#,%(,E(,#5(3,501.*()2/,**()55(5,2)-#,%*(0*#%&(Q)/*6.%(!f0)/.*(;=W
,
(5)-#-06.(

:+( =W
,
( 5,%&#-06.A( 9)*( $./E,/1.6( -,( 6.-.2-( #E( 6)-)( )/.( 250*-./.6( ,/( 6#*-/#:0-.6(

/)%6,15+( #%( *$)2.7( O0/-"./1,/.'( -".( 6#*-/#:0-#,%( ,E( -)%4./( *$#55( 3,501.*'( )%6(1,/.(

$/.2#*.5+'(-".(2,%-/#:0-#,%(,E(5)/&.(*$#55*(-,(-,-)5(3,501.(9)*(#%3.*-#&)-.6(0*#%&(Z,/.%S(

20/3.*7( !0$$,/-#%&( -".($/.3#,0*( 2,11.%-(:+( FGRUO( ( -".(,%5+( *-)-#*-#2)5( )%)5+*#*( -")-(

1)4.*(/.)5(*.%*.(#*(-".(#6.%-#E#2)-#,%(,E()($,**#:5.(-/.%6*7((

(

G"0*'(*-)-#*-#2)5()%)5+*.*(9./.($./E,/1.6(-,(6.-./1#%.()($,**#:5.(-/.%6( #%2506.6(-".(

2)5205)-#,%( ,E( -".( L0-,2,//.5)-#,%( O0%2-#,%( ;LKOA( )%6( [.%6)55I*( Ö( E,/( -".( -"/..( -#1.(

*./#.*(;*..(O#&7(\M\A7(G".()%)5+*#*(/.&)/6*(-".(5)*-(VW(+.)/*(;$./#,6(=>`?MXWW?A7(

(

L*( #-( 2)%( :.( *..%( #%( L$$.%6#D( L'( -".( /.*05-*( ,E( -".( Q)%%M[.%6)55( -.*-( ;0%6./( -".(

)5-./%)-#3.( "+$,-".*#*A( )-( )( >Y�( 2,%E#6.%2.( 5.3.5( 6#*$5)+( %.&)-#3.( m( 3)50.*7( F%( $5)#%(

N%&5*#"( -"#*( 1.)%*( -")-( -"./.( #*( .%,0&"( .3#6.%2.( E,/( -".( .D#*-.%2.( ,E( )( 6,9%9)/6(

-/.%6(#%()55(-"/..(2)-.&,/#.*(E,/(-".($./#,6(=>`?MXWW?(;*..(G):5.(\MVA7((O0/-"./1,/.'()55(

$M3)50.*( )/.( 25,*.( -,( S./,'( 9"#2"( 1.)%*( -")-( -".( -/.%6( #*( %,-( 2)0*.6( :+( /)%6,1(

*)1$5#%&7(

(
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(
O#&7(\M\T((_01:./(,E(R#5(!$#55*($./(d.)/'(=>`WMXWW?((M(:)*.6(,%(6)-)(E/,1(FGRUO;XWW>A(

(

L*(6#*20**.6():,3.'(-".(%01:./(,E(,#5(*$#55*($./(+.)/()*(9.55()*(-".(-,-)5()1,0%-(,E(,#5(

*$#5-()/.(2,%*-)%-5+(6.2/.)*#%&(#%(-".(5)*-(-"/..(6.2)6.*7(^,9.3./'(-".(/.602-#,%(,E(,#5(

$,550-#,%(#*(,%.(,E(-".(*-)-.6(&,)5*(,E(%.9(/.&05)-#,%*'(#%2506#%&(-".(#1$5.1.%-)-#,%(,E(

6,0:5.("055*(E,/(-)%4./(3.**.5*7((

(

4.2 A Cost Effectiveness Criterion for oil spills 
g.(%,9(2,1.(:)24(-,(-".(#**0.(,E(",9(*02"(.%3#/,%1.%-)5(2/#-./#)(2)%(:.(0*.6(9#-"#%(

O!L7(L(1)P,/(-,$#2(#%(L%%.D(V(,E(6,27(QNUK(YYe=?()%6()5*,(#%()(/.$,/-(:+(Nb(/.*.)/2"(

$/,P.2-( !LONBR8( ;!4P,%&( .-( )5'( XWWYC( J)%.1( .-( )5'( XWW`)A( 9)*( -".( 6.E#%#-#,%( )%6(

)%)5+*#*( ,E( /#*4( .3)50)-#,%( 2/#-./#)( E,/( )22#6.%-)5( /.5.)*.*( -,( -".( .%3#/,%1.%-'( )%6(

*$.2#E#2)55+(E,/(/.5.)*.*(,E(,#57(G,(-")-(.EE.2-'(-".(2/#-./#,%(,E(KLG!(;E,/(nK,*-(-,(L3./-(

,%.(G,%%.(,E(!$#55.6(,#5oA(9)*(6.E#%.6()*()%(.%3#/,%1.%-)5(2/#-./#,%(.f0#3)5.%-(-,(KLO'(

nK,*-( -,( L3./-( )( O)-)5#-+o7( L22,/6#%&( -,( -".( KLG!( 2/#-./#,%'( )( *$.2#E#2( 8#*4( K,%-/,5(

R$-#,%(;8KRA(E,/(/.602#%&(.%3#/,%1.%-)5(/#*4(*",056(:.(/.2,11.%6.6(E,/()6,$-#,%(#E(

-".( 3)50.( ,E( KLG!( )**,2#)-.6( 9#-"( #-( #*( :.5,9( )( *$.2#E#.6( -"/.*",56'( ,-"./9#*.( -")-(

$)/-#205)/(8KR(*",056(%,-(:.(/.2,11.%6.67(

( ( Nf7(\M=(

9"./.((

|K(#*(-".(2,*-($./(*"#$(,E(-".(8KR(0%6./(2,%*#6./)-#,%7(

|8(#*(-".(/#*4(/.602-#,%($./(*"#$'(#%(-./1*(,E(-".(%01:./(,E(-,%%.*(,E(,#5()3./-.6'(

#1$5#.6((:+(-".(8KR7(

CCATS
R

!
=
!
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G".(,%5+(2)*.(0%-#5(%,9(-")-(-"#*(#%6.D(")*(:..%(0*.6(#*(-".(O!L(,%(2/06.(,#5(2)//#./*(

$/.$)/.6(:+(!LONBR87(_,-.'(-")-(-"#*(#%6.D(#*(%,-"#%&(1,/.(-")%(-".(0*0)5(FKN8(#%6.D(

)*($/.*.%-.6(#%(!.2-#,%(X7((

(

F%( -".( !LONBR8( /.$,/-( ;!4P,%&( )-( )57( 'XWWYA'( )( -"/.*",56( ,E(b!B@W'WWW($./( -,%%.(,E(

*$#55.6( ,#5( 9)*( $,*-05)-.6( E,/( KLG!'( :)*.6( ,%( )( *./#.*( ,E( 1,6.55#%&( )%6( ,-"./(

)**01$-#,%*( -")-( 9#55( :.( $/.*.%-.6( *",/-5+7( F-( *",056( :.( *-/.**.6( ,0-( -")-( -"#*( "#&"(

3)50.()%6(-".(/.)2-#,%*(:+(*,1.(!-)-.*(,$.%.6(-".(#**0.(,E(%,%(5#%.)/(E0%2-#,%*(9"#2"(

*-#105)-.6(-".()0-",/I*(9,/4(,%(-"#*(#**0.'(*..(%.D-(K")$-./*7(

(

4.3 Valuing oil Spills – Oil Spill Cost components 
N3.%( -",0&"( -".( 6#*20**#,%( )-( -".( FQR(,%( .%3#/,%1.%-)5( /#*4( .3)50)-#,%( 2/#-./#)( E,/(

O!L(")*(*-)/-.6(,%5+( /.2.%-5+'( -".(*0:P.2-( #-*.5E( #*(%,-(%.9'()%6(*0:*-)%-#)5(9,/4(")*(

:..%($./E,/1.6(,3./()-(5.)*-(-".(5)*-(VW(+.)/*'(1,*-5+(#%(-".(2,%-.D-(,E()%)5+S#%&(-".(

.2,%,1#2( #1$)2-(,E(,#5(*$#55*()%6(2,%-.1$5)-#%&(1.)*0/.*(-,(1#-#&)-.(-".#/(6)1)&.*7(

g.( %,-.( -")-( )%( #1$,/-)%-( $)/-( ,E( -"#*(9,/4( 2,%2./%*( ,#5( *$#55( 6)1)&.( )**.**1.%-7(

L1,%&( 1)%+( ,-"./( /.*.)/2"./*'( g"#-.( )%6( _#2",5*( ;=>?VA( /.$,/-.6( ,%( -".( 3)/#,0*(

2,1$,%.%-*(,E(-".(,#5(*$#55(2,*-*()%6(,%(-".(*#&%#E#2)%-(6#EE#205-#.*(#%(.*-#1)-#%&(-".*.(

2,*-*7( a/#&)50%)*( .-( )5( ;=>?@A( /.$,/-.6( ,%( -".( *,2#,.2,%,1#2( 2,*-*( ,E( -".( LQRKR(

KLBFm(,#5(*$#55( ;=>`?'(O/)%2.A7( F%(-".(2,%-.D-(,E(-".(HQFG(,#5(*$#55(1,6.5I'(U*)/)E-#*()%6(

"#*(2,55.)&0.*()-(QFG(0*.6()(H6)1)&.()**.**1.%-(1,6.5I(-,(.*-#1)-.(-".(6)1)&.*(,E(

)%( ,#5( *$#55( #%( -".( 2,%-.D-( ,E( ,$-#1#S#%&( ,#5( *$#55( /.*$,%*.( )5-./%)-#3.*7( G".+( 0*.6(

6)1)&.( 2,*-( .*-#1)-.*( E,/( 3)/#,0*( *-/)-.&#2( *$#55( /.*$,%*.( *2.%)/#,*( #%( -".( b!( _.9(

N%&5)%6(/.&#,%(-")-(/)%&.6(E/,1():,0-(X>'WWW(b!Be-,%%.(;=>?V(6,55)/*A(E,/(3./+(*1)55(

*$#55*( -")-( -+$#2)55+( ,220/( 25,*.( -,( *",/.( -,( 5.**( -")%( VWW( b!Be-,%%.( E,/( 3./+( 5)/&.(

,EE*",/.( *$#55*( ;U*)/)E-#*( .-( )5'( =>?@A7( (Q,/.( /.2.%-5+'( -".(9,/4(,E( N-4#%( ;=>>>'( XWWW'(

XWW='XWW\A'(g"#-.()%6(Q,55,+(;XWWVA'(!")"/#)/#()%6(O/,*-( ;XWW?A'()%6(,-"./*($/,3#6.(

*#&%#E#2)%-(1)-./#)5( )*( /.&)/6*( :,-"( -".(1.-",6,5,&+( -,( 2,1$0-.( ,#5( *$#55( 2,*-*( )%6(

)2-0)5(%01:./*(-,(6,201.%-(-".*.(2,*-*7((

(

L22,/6#%&( -,( Z#0()%6(g#/-S( ;XWW@A'( E#3.(6#EE./.%-( 2)-.&,/#.*(,E( 2,*-*( 2)%(&.%./)55+(:.(

#6.%-#E#.6(-")-(2)%(:.(6#3#6.(#%-,(-"/..(&/,0$*T(25.)%0$(;/.1,3)5'(/.*.)/2"()%6(,-"./(

2,*-*A'( *,2#,.2,%,1#2( 5,**.*()%6(.%3#/,%1.%-)5(2,*-*7(<+()66#%&(0$(-".*.(-"/..(2,*-(

2)-.&,/#.*(,%.(2)%(,:-)#%(-".(-,-)5(2,*-(,E()%(,#5(*$#557(<.+,%6()%+(6,0:-'(-".(2,*-(,E()%(

,#5(*$#55(#*(3./+(6#EE#205-(-,(.*-#1)-.7(

(

(
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G".( -,-)5( 2,*-(,E()%(,#5( *$#55( 2)%(:.(6./#3.6(:+(0*#%&()-( 5.)*-( E,0/(6#EE./.%-(1.-",6*7(

G".*.()/.(-".(E,55,9#%&T(

=7 L66#%&(0$()55(/.5.3)%-(2,*-(2,1$,%.%-*(;25.)%0$'(*,2#,.2,%,1#2()%6(.%3#/,%1.%-)5A7((

X7 N*-#1)-#%&(-".(25.)%M0$(2,*-*(-"/,0&"(1,6.5#%&()%6(-".%()**01#%&()(2,1$)/#*,%(/)-#,(

E,/(.%3#/,%1.%-)5()%6(*,2#,.2,%,1#2(2,*-*7(J)%.1(.-()5( ;XWW`)A()**01.6()( /)-#,(,E(

=7Y( )%6( )22,/6#%&( -,( l.)%M^)%*.%( ;XWWVA( .%3#/,%1.%-)5( 2,*-*'( #%2506#%&(

*,2#,.2,%,1#2( 2,*-*'( )/.( )51,*-( X( -#1.*( -".( 25.)%0$( 2,*-*( #%( _,/9.&#)%( 9)-./*7(

L%)5+*#*(,E(-".(FRUKO(6)-)*.-(*0&&.*-*()(/)-#,(,E(5.**(-")%(='(*..([,%-,3)*(.-()57(;XW=WA7(

V7 b*#%&()(1,6.5(-")-(.*-#1)-.*(-".(-,-)5(2,*-(*02"()*(-".(N-4#%(<R!KNQ()$$/,)2"((

\7 L**01#%&(-")-(-".(-,-)5(2,*-(,E()%(,#5(*$#55(2)%(:.()$$/,D#1)-.6(:+(-".(2,1$.%*)-#,%(

.3.%-0)55+( $)#6( -,( 25)#1)%-*7( K,1$.%*)-#,%( #%E,/1)-#,%( #*( /.$,/-.6( :+( -".(

F%-./%)-#,%)5( R#5( U,550-#,%( K,1$.%*)-#,%( O0%6*( ;FRUKOA( 9"#2"( $0:5#*".*( )%%0)5(

/.$,/-*7(G".*.(")3.(:..%(0*.6(:+(a/.+( ;=>>>A()%6'( /.2.%-5+'(:+(d)1)6)()%6([)%.4,(

;XWW`A7(G".(5)--./(9)*(*0:1#--.6(-,(FQR()%6(#*(-,(:.($/.*.%-.6()-(QNUK(Y?(#%(R2-,:./(

XWW?7(G"#*()$$/,)2"(9#55(:.(6#*20**.6(#%(!.2-#,%(`(,E(-"#*($)$./7(

4.3.1 Removal, Research and Other Costs 
G".( F%-./%)-#,%)5( G)%4./( R9%./*( U,550-#,%( O.6./)-#,%( ;FGRUOA( ")*( $/.*.%-.6( )(

6.*2/#$-#,%(,E(-".(E)-.(,E()%(,#5(*$#557(g".%(*$#55.6()-(*.)'(,#5(%,/1)55+(:/.)4*(0$()%6(#*(

6#**#$)-.6( ,/( *2)--./.6( #%-,( -".( 1)/#%.( .%3#/,%1.%-( )*( )( /.*05-( ,E( )( %01:./( ,E(

$/,2.**.*( -")-( 2")%&.( -".( 2,1$,0%6*( ,E( ,#57( G"0*'( -"./.( #*( )( &.%./)5( )&/..1.%-(

;N-4#%'=>>>C(a/.+'(=>>>C(g"#-.()%6(Q,55,+'(XWWVA(-")-(-".(1)#%(E)2-,/*(#%E50.%2#%&(-".(

2,*-(,E(,#5(*$#55*()/.T(

(

7U N)./*%<*%;B*

Q,55./(.-()5(;=>?`A(E,0%6(-")-(25.)%0$(2,*-*(E,/(5#&"-(,#5*()%6(/.E#%.6($/,602-*((-.%6(-,(

:.(:.5,9(-".()3./)&.(2,*-7(Z#&"-($/,602-*'( #%(1,*-(,E( -".(2)*.*'()/.(1,/.(-,D#2( -")%(

".)3#./( ,#5*'( ",9.3./'( -".+( 6#*$./*.( 1,/.( /.)6#5+7( O,/( .D)1$5.'( )22,/6#%&( -,( )%(

)%)5+*#*(,E(25.)%0$(2,*-*(,E(b!()%6(%,%Mb!(*$#55*(:+(,#5( -+$.(;N-4#%'=>>>A(-".()3./)&.(

25.)%0$(2,*-(E,/(5#&"-(2/06.(,#5(#*(\'X@Y7>\(b!B($./(-,%%.(9"#5.(9".%(#%3,53#%&((Q)/#%.((

^.)3+(O0.5(R#5(;QORA(-".(25.)%0$(2,*-(#*(XV'?>V7X?(b!B($./(-,%%.7(

0U [%(-#;%"**

L( *$#55( ,220//#%&( E)/( E/,1( -".( 2,)*-( -.%6*( -,( 2)0*.( ( 1#%,/( 6)1)&.*( )*( ,#5( 9#55( 6.(

6#*$./*.6(:.E,/.(/.)2"#%&(-".(*",/.7(G".(LGZL_GFK(NQU8N!!()22#6.%-(,EE(-".(2,)*-(,E(

G,:)&,( #%( =>`>( 9)*( -".( /.)*,%( ,E( )( X?W'WWW( -,%%.*( *$#55( :0-( 2)0*.6( 5#--5.( 6)1)&.(

:.2)0*.(,E(#-*(5,2)-#,%()%6(()5*,(60.(-,(E)3,/):5.(9#%6()%6(9.)-"./(2,%6#-#,%*7(((

1U ]/-#,/$*-"&*?/-*(%"&;#;%"?*

R:3#,0*5+'( E)3,/):5.( 9#%6( 2)%( $/.3.%-( -".( ,#5( E/,1( /.)2"#%&( -".( *",/.( 9"#2"( 2,056(

5.)6(-,("#&"./(2,*-*7(O0/-"./1,/.'(&,,6(9.)-"./(9,056(/.*05-(#%()(1,/.(/)$#6(25.)%M0$(

$/,2.**7( L66.6( -,( -"#*( )/.( -".( 5#1#-)-#,%*( ,%( ,#5( 2,55.2-#,%( *+*-.1*( #1$,*.6( :+( :)6(

2,%6#-#,%*(*02"()*(9#%6'(9)3.*()%6(20//.%-*7((((
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2U AF%'"#*?.;BB/&*-"&*$-#/*%<*?.;BB-L/*

G"./.(#*(6.E#%#-.5+()(/.5)-#,%(:.-9..%(-".(2,*-*(,E()(*$#55()%6(-".()1,0%-(,E(*$#55.6(,#57(

F%( &.%./)5'( 5)/&./( *$#55*( #1$5+( "#&"./( 2,*-*( :0-( -".( /.5)-#,%( #*( %,-( 5#%.)/( )*( *",9%(:+(

N-4#%(;=>>>A(9",(2)1.(-,(-".(2,%250*#,%(-")-(-".(25.)%M0$(2,*-*(,%()($./(-,%%.(:)*#*(

6.2/.)*.6( *#&%#E#2)%-5+(9#-"( #%2/.)*#%&()1,0%-*(,E(,#5( *$#557(g"#-.()%6(Q,55,+( ;XWWVA(

")3.(6#*2./%.6()(*#1#5)/(-/.%6(#%(-".#/()%)5+*#*(0*#%&(FGRUOI*(6)-)()%6(#%*#*-(-")-(*#1$5.(

2,1$)/#*,%*(:.-9..%(-".(2,*-*(,E(#%6#3#60)5(*$#55*(:)*.6(,%5+(,%()($./(3,501.(0%#-(2)%(

:.("#&"5+(1#*5.)6#%&7((

O0/-"./1,/.'(-".(/)-.(,E(*$#55)&.(#*()5*,()%(#1$,/-)%-(E)2-,/(:.2)0*.'(E,/(.D)1$5.'(-".(

25.)%M0$(,$./)-#,%(/.f0#/.6(#%(/.*$,%*.(-,()(*#%&5.(*$#55(1)+(:.(2,%*#6./):5.(:0-(9#55(

:.(2,1$5.-.6( #%()(1)--./(,E(6)+*(,/(9..4*7(^,9.3./'( -".(*)1.(f0)%-#-+( #E( 5,*-(,3./(

*.3./)5(1,%-"*(/.f0#/.(/.$.)-.6(25.)%#%&()%6(9#55(")3.(5,%&M-./1(.EE.2-*7(G"#*(9)*(-".(

2)*.(,E( (<NGNZaNb!N'()( -)%4./( -")-( *)%4()-()( -./1#%)5( #%( F/.5)%6()%6(:.2)0*.(,E( -".(

,%&,#%&( /.5.)*.( E/,1(-".(3)/#,0*($)/-*(,E( -".(9/.24( -".(25.)%M0$( /.*$,%6( 5)*-.6( E,/(

*,1.( X=(1,%-"*( )5-",0&"( -".( -,-)5( )1,0%-( ,E( ,#5( *$#55.6(9)%( %,(1,/.( -")%( ( ='YWW(

-,%%.*7(

3U +B/-"D'.*>/?.%"?/*

c0#-.(0%6./*-)%6):5+'()*()%(#11.6#)-.(/.*$,%*.(-,()%(,#5(*$#55'()55(-".(.EE,/-(#*(6.3,-.6(

-,(6.)5(9#-"(-".(*$#55.6(,#5(#%()%()--.1$-(-,($/.3.%-(-".(6)1)&.()%6(-".($0:5#2(,0-2/+(M

9"#2"( #*( 1,*-5+( )**,2#)-.6( 9#-"( $,550-#,%( ,E( *",/.5#%.*7( F%( 1,*-( ,E( -".( 2)*.*'( 9.55M

,/&)%#S.6(,$./)-#,%*()%6( /)$#6#-+(,E( /.*$,%*.()/.( E0%6)1.%-)5( -,( 5#1#-( -".( 25.)%M0$(

2,*-*7(G".(1)%)&.1.%-(,E(/.*$,%*.(,$./)-#,%*(#*(:.#%&(.D-.%*#3.5+(6#*20**.6(#%(g"#-.(

)%6(Q,55,+(;XWWVA7((

(

R%.(,E(-".(.)/5+(*-06#.*(,%(,#5(*$#55(25.)%0$(2,*-*(9)*($./E,/1.6(:+(K,".%(;=>?@A7(O,/(

.D)1$5.'( :)*.6( ,%( 6)-)( ,9%.6( :+( -".(b!Ka( ;/.&)/6#%&( >Y( )22#6.%-*( :.-9..%( =>`V(

)%6(=>?=A( ".($/,$,*.6( -".(0*.(,E( )( %,%( 5#%.)/( E0%2-#,%( -")-( 0*.*( -".( 3,501.(,E( ,#5(

*$#55.6()%6(*,1.(,-"./($)/)1.-./*(-")-(6.$.%6(,%(-".(5,2)-#,%(,E(-".(*$#557(Z)-./'(N-4#%(

;=>>>A(6.3#*.6()(1.-",6(E,/(.*-#1)-#%&(25.)%M0$(2,*-*(;,%()($./(-,%%.(,E(,#5(/.2,3./.6(

:)*#*A( :)*.6( ,%( 5,2)-#,%'( *",/.5#%.( ,#5#%&'( -+$.( ,E( ,#5( *$#55.6'( 25.)%0$( *-/)-.&+( )%6(

)1,0%-( *$#55.67( !".( E0/-"./( /.E#%.6( -".( 1,6.5( :+( )66#%&( -9,( 1,/.( 3)/#):5.*T( -".(

*$.2#E#2( -+$.( ,E( 5,2)-#,%( ;)55,9#%&( E,/( -"/..( -+$.( ,E( *$#55*T( ,EE*",/.'( 2,)*-)5( )%6( $,/-(

*$#55*A( )%6( -".( 2,0%-/+( 5,2)-#,%7( G"#*( %.9( 1,6.5( :+( N-4#%( ;XWWXA( 9)*( :)*.6( ,%( )(

%01:./(,E(*$#55*(-")-(")$$.%.6(9,/569#6.(9"#5.("./($/.3#,0*(1,6.5*(9./.(:)*.6(,%(

b!( *$#55*( ,%5+7(^./( )%)5+*#*( ;N-4#%'( XWW=A( *",9.6( -")-( )3./)&.( 2,*-*( 2,056( 3)/+(:+( )-(

5.)*-(,%.(,/6./(,E(1)&%#-06.7(G"0*'(-".()3./)&.(25.)%M0$(2,*-(;#%(=>>>(b!B($./(-,%%.A(

E,/()%(,#5(*$#55(#%(Z#-"0)%#)(#*(`?7=X'(#%(Q)5)+*#)(`@'Y?>7X>()%6(XY'@=\7@V(#%(-".(b%#-.6(

!-)-.*7O#%)55+'( !")"/#)/#( )%6( O/,*-( ;XWW?A( ")3.'( 3./+( /.2.%-5+'( 6.3.5,$.6( )(

1)-".1)-#2)5(1.-",6( -,( .*-#1)-.( 25.)%0$( 2,*-*( :)*.6( ,%( /.&/.**#,%( )%)5+*#*( ,E( ?W(

#%2#6.%-*( 60/#%&( -".( $./#,6( =>@`MXWWX7( G".(1,6.5( $)/)1.-./*( )/.( *$#55( f0)%-#-+'( ,#5(

6.%*#-+'( 6#*-)%2.( -,( *",/.'( 25,06#%.**( ;0*.6( )*( )( 1.)*0/.( ,E( ",9( 102"( *0%5#&"-(
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/.)2".*( -".( ,#5( 9"#2"( #*( -".( 1)#%( E)2-,/( -")-( )EE.2-*( .3)$,/)-#,%A( )%6( 5.3.5( ,E(

$/.$)/.6%.**( :)*.6(,%( FGRUO( .*-#1)-#,%*( ,%(",9(9.55( 6#EE./.%-(9,/56( /.&#,%*( 2,$.(

9#-"(,#5(*$#55*7((

4.3.2 Socio-economic Losses 
L22,/6#%&( -,( Z#0()%6(g#/-S( ;XWW@A( *,2#,M.2,%,1#2( 5,**.*( 2,%*#*-(,E($/,$./-+(6)1)&.(

)%6( #%2,1.( 5,**.*7(G".($/,$./-+(6)1)&.(2)%(:.(.*-#1)-.6(:+()66#%&(0$()55( 2,*-*(,E(

/.$)#/#%&(,/(25.)%#%&(E)2#5#-#.*(#%2506#%&(3.**.5*7(R%(-".(,-"./(")%6'(-".(#%2,1.(5,**.*(

-)4.(#%-,(2,%*#6./)-#,%(6)1)&.*(E/,1(3)/#,0*(*.2-,/*(*02"()*(E#*"./+()%6(-,0/#*17(G".(

-,-)5( .2,%,1#2( 5,**.*( )/.( -".( *01(,E( E,/.&,%.( #%2,1.*( 60/#%&( -".( /.2,3./+( $./#,67(

G"#*( $)/-( ,E( -".( -,-)5( 2,*-( #*( 3./+( *-/)#&"-E,/9)/6( -,( .*-#1)-.( )%6( %..6*( %,( 1,/.(

.D$5)%)-#,%7(

(

L*(/.&)/6*(-"#*(2)-.&,/+'(,%.(-"#%&(#*(25.)/T(G"#*(#*(%,-()%(.)*+(*0:P.2-7(F-( #*(25.)/(-")-(

-".(3)50.(,E(5,*-(,#5(*",056(2,0%-()*($)/-(,E(-".(6)1)&.(2,*-(,E()(*$#55(;)%6(-"#*(#*(-".(

.)*#.*-($)/-(-,(2,1$0-.A7(L5*,'(#%2,1.(5,*-(:+(E#*"./1.%(#%(-".(3#2#%#-+(,E()(*$#55(*",056(

:.(2,0%-.6()*($)/-(,E(-".(*,2#,.2,%,1#2(2,*-(,E(-")-(*$#557(G".(*)1.(#*(-/0.(E,/(#%2,1.(

5,*-( :+( ",-.5*'( /.*-)0/)%-*'( )%6( ,-"./( -,0/#*-( *",$*(9",*.( -0/%,3./( #*( /.602.6( )*( )(

/.*05-(,E()(*$#55(#%(-".#/()/.)7(<0-(9")-(#E(-,0/#*-*(*$.%6(1,%.+(#%()(/.*-)0/)%-(-,(9"#2"(

-".+(2)1.( -,(6#%.( #%()%(.D20/*#,%( -,( -)4.()( 5,,4()-( -".( *$#55k(!",056( -"#*( 2,0%-()*()(

$50*k(N3.%()--.1$-*( -,(2)5205)-.( 5,*-( #%2,1.()*()( /.*05-(,E($.,$5.(")3#%&()( 5,9./( Fc(

:.2)0*.(-".+(*+*-.1)-#2)55+()-.(*".55E#*"(2,%-)1#%)-.6(:+(,#5(")3.(:..%(/.2,/6.6(;*..(

E,/( #%*-)%2.( F_GN8GL_[RI*( 2,11.%-( #%( 6,27( QNUK( Y?e=`A7( L55( -"#*( $,#%-*( ,0-( -")-(

.*-#1)-#%&(*,2#,.2,%,1#2(*$#55(2,*-*(#*(&.%./)55+(3./+(6#EE#205-()%6(#*(%.3./(5#4.5+(-,(:.(

)%(.D)2-(*2#.%2.7(

(

4.3.3 Environmental Costs 
G"#*($)/-(,E(-".(-,-)5(2,*-(,E()%(,#5(*$#55( #*(-".(1,*-(6#EE#205-(-,(.3)50)-.(*#%2.(1,*-(,E(

.%3#/,%1.%-)5(&,,6*(,/(*./3#2.*()/.(%,%M1)/4.-7(N2,%,1#*-*(")3.(6.3.5,$.6()(/)%&.(

,E( )$$/,)2".*( -,( .*-#1)-.( -".( .2,%,1#2( 3)50.( ,E( %,%M1)/4.-( #1$)2-*7( F%( ,/6./( -,(

1.)*0/.( .%3#/,%1.%-)5( 6)1)&.*( .2,%,1#*-*( .#-"./( #%6#/.2-5+( 5#%4( .%3#/,%1.%-)5(

/.*,0/2.*( -,( *,1.(1)/4.-( &,,6*( ,/( .3.%( 2,%*-/02-( )( "+$,-".-#2)5( 1)/4.-( #%( 9"#2"(

$.,$5.( )/.( )*4.6( -,($)+( E,/( -".*.( /.*,0/2.*7( ( F-( #*( ,0-(,E( -".( *2,$.(,E( -"#*( $)$./( -,(

)%)5+S.(-".*.(1.-",6*'(",9.3./'(,%.(,E(-".1(")*(:..%(0*.6(#%(,/6./(-,(.*-#1)-.(-".(

6)1)&.*(E/,1(-".(HNDD,%(J)56.SI(,#5(*$#55()%6(*,1.(,-"./(*$#55*()%6(9#55(:.($/.*.%-.6(#%(

-"#*(*.2-#,%7(

(
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G"./.( 9)*( )( /)$#65+( &/,9#%&( #%-./.*-( #%( $)**#3.M0*.( 3)50.*( #%( -".( b!( 9"#2"( 9)*(

".#&"-.%#%&()-(-".(-#1.(,E(-".(*-06+(:+(-".($)**)&.(,E(-".(R#5(U,550-#,%(L2-(;RULA()%6(

-".(/.&05)-#,%*(-")-(_)-#,%)5(R2.)%#2()%6(L-1,*$"./#2(L61#%#*-/)-#,%(;_RLLA(.%)2-.6(

0%6./( #-( E,/( %)-0/)5( /.*,0/2.( 6)1)&.( )**.**1.%-*7( G".( /.&05)-#,%*( *-)-.( -".( 60@+&
029/0++/&/@$9)*&@(=+&0@+&*1/82+01$%&0$&1%8)9*+&A(//1=+&9/+&=()9+/&(/&(&8$CA$%+%0&E10@1%&
0@+&%(092()&2+/$928+&*(C(5+&(//+//C+%0&*+0+2C1%(01$%&$7&8$CA+%/(;)+&=()9+/>7(
(

G".(K,%-#%&.%-(J)50)-#,%( ;KJA(1.-",6( #*( )(9#6.5+( 0*.6(%,%M1)/4.-( ;,/( $)**#3.( 0*.A(

3)50)-#,%(1.-",6(.*$.2#)55+(#%(-".()/.)*(,E(.%3#/,%1.%-)5(2,*-M:.%.E#-()%)5+*#*(;K<LA(

)%6( .%3#/,%1.%-)5( #1$)2-( )**.**1.%-( ;NFLA7( KJ( #*( )( *0/3.+( )$$/,)2"( 6.*#&%.6( -,(

2/.)-.(-".(1#**#%&(1)/4.-(:+(6.-./1#%#%&(9")-(#%6#3#60)5*(,/(",0*.",56*()/.(9#55#%&(-,(

$)+(;gGUA(E,/(*$.2#E#2(2")%&.*(#%(f0)%-#-+(,/(f0)5#-+(,E(.%3#/,%1.%-)5(&,,6*(,/'(1,/.(

/)/.5+'(:+()*4#%&(/.*$,%6./*(E,/(-".#/(9#55#%&%.**(-,()22.$-(;gGLA(#%(2,1$.%*)-#,%(E,/(

)(*$.2#E#.6(6.&/)6)-#,%(#%(-".($/,3#*#,%(,E(-".*.(&,,6*(;^)%.1)%%'(=>>>A7(G".(%)1.(

E,/( -"#*( E,/1(,E( 3)50)-#,%()/,*.(:.2)0*.( -".(.5#2#-.6( 3)50.*( )/.( 2,%-#%&.%-(0$,%( -".(

$)/-#205)/(*2.%)/#,(6.*2/#:.6(-,(*0/3.+(/.*$,%6.%-*7(

(

L%(#1$,/-)%-(:.%2"1)/4(#%(-".("#*-,/+(,E(-".(KJ(#*(-")-(,E(-".(HNDD,%(J)56.SI(,#5(*$#557(

G".(,#5(*$#55(60.(-,(-".(&/,0%6#%&(,E(-".(,#5(-)%4./(HNDD,%(J)56.SI(#%(-".(U/#%2.(g#55#)1(

!,0%6(,%(Q)/2"(X\'(=>?>(9)*(-".( 5)/&.*-(,#5( *$#55( E/,1()(-)%4./( #%(b!("#*-,/+'(9"#2"(

)EE.2-.6(1,/.(-")%(='VWW(4#5,1.-./*(,E(2,)*-5#%.()%6(2)0*.6(-".(6.)-"(,E(XV'WWW(:#/6*7(

LE-./( -".( ,#5( *$#55'( -".( !-)-.( ,E( L5)*4)( )$$,#%-.6( )%( #%-./6#*2#$5#%)/+( &/,0$( ,E(

/.*.)/2"./*(-,(6.*#&%()%6(#1$5.1.%-()(%)-#,%)5(KJQ(*-06+(-,(1.)*0/.(-".(5,**(,E(%,%M

0*.(3)50.*(-,(b!7(G"#*(*-06+(9)*(2,,/6#%)-.6(:+(8#2")/6(K)/*,%()%6(2,%*-#-0-.*(,%.(,E(

-".( 1)P,/( 2,%-#%&.%-( 3)50)-#,%( )$$5#2)-#,%*( )%6( /.$/.*.%-*( )%( #1$,/-)%-(

1.-",6,5,&#2)5( /.E./.%2.( E,/( )55( 2,%-#%&.%-( 3)50)-#,%( /.*.)/2"./*r(9,/47( G".( 5,**( ,E(

%,%(M(0*.(3)50.*(/.*05-#%&(E/,1(-".(HNDD,%(J)56.SI(,#5(*$#55(9)*(.*-#1)-.6()-(X'?(:#55#,%(

6,55)/*( ;K)/*,%'( =>>XA7( L*( )( /.)2-#,%( -,( -"#*( *-06+( NDD,%( 2,11#**#,%.6( )( &/,0$( ,E(

/.*.)/2"./*(-,(3./#E+(9".-"./(%,%(M(0*.(3)50.*(2,056(:.()220/)-.5+(1.)*0/.6(:+(1.)%*(

,E( KJ7( G".( 1)#%( )/&01.%-( ,E( 2/#-#2*( ,E( KJQ( #*( -")-( -"#*( 1.-",6( #*( %,-( 2)$):5.( ,E(

/.*05-#%&(#%(3)5#6()%6(/.5#):5.(1,%.-)/+(1.)*0/.*(,E(%,%(M(0*.(3)50.*7(^)0*1)%I*(9.55M

4%,9( )/&01.%-( 61/& /$C+& %9C;+2& ;+00+2& 0@(%& %$& %9C;+2>( E055+( .D$/.**.*( -".(
*4.$-#2#*1(-,9)/6(-"#*(1.-",67(G"./.E,/.'()22,/6#%&(-,(^)0*1)%'()**.**1.%-*(,E(5,*-(

%,%(M(0*.(3)50.*(:+(1.)%*(,E(-".(KJQ(1.-",6(*",056(%,-(:.(0*.6( #%(2,0/-( ;B#)1,%(

)%6( ^)0*1)%'( =>>\A7( F%( ,/6./( -,( )66/.**( -".( 2/#-#2#*1'( _)-#,%)5( R2.)%#2( )%6(

L-1,*$"./#2(L61#%#*-/)-#,%(;_RLL'(=>>VA(*.-()(&/,0$(,E(.D$./-*'(9#-"(_,:.5(5)0/.)-.*(

[.%%.-"(L//,9()%6(8,:./-( !,5,9()*( 2")#/1.%'( #%(,/6./( -,(.3)50)-.( -".( /.5#):#5#-+(,E(

-".(0*.(,E(KJQ(#%(-".(%)-0/)5(/.*,0/2.(6)1)&.()**.**1.%-*7((

(
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B.*$#-.( -".( 2/#-#2#*1'( K,%-#%&.%-( J)50)-#,%( #*( -".( 1,*-( $,$05)/( )%6( -".( 1,*-(

2,%-/,3./*#)5( ,E( -".( 1.-",6*( -")-( .%3#/,%1.%-)5( .2,%,1#*-*( 0*.( -,( 3)50.(

.%3#/,%1.%-)5(&,,6*()%6(*./3#2.*()%6(")*(:..%(0*.6(-,()**.**(-".(#1$)2-*(,E(1)%+(,#5(

*$#55*( E/,1( -)%4./*( *02"( )*( -".( HNDD,%( J)56.SI( ( ;K)/*,%( .-( )5'( =>>XC( XWWVA( '( -".(

H_.*-022)I(()%6'(3./+(/.2.%-5+'(-".(U8N!GFaN(;Z,0/.#/,'(XWW`A7(^,9.3./'(%,9)6)+*'(-".(

1,*-(2,11,%5+()$$5#.6(1.-",6(.*$.2#)55+(:+(-".(_)-#,%)5(R2.)%#2()%6(L-1,*$"./#2(

L61#%#*-/)-#,%(;_RLLA(#%(-".(b%#-.6(!-)-.*(#*(-".(*,M2)55.6(^):#-)-(Nf0#3)5.%-(L%)5+*#*(

;^NLA7(G"#*(1.-",6(#*(*$.2#E#2)55+(6.*#&%.6(-,(6.-./1#%.(-".(2,1$.%*)-#,%(-".($0:5#2(

#*(60.(-,(/.2,%2#5.(#%P0/#.*(-,(-".(.2,*+*-.1()%6(-".(5,*-(*./3#2.*(-")-(-".(.2,*+*-.1(

$/,3#6.*(-,(-".(:#,-#2(2,1$,%.%-7(L22,/6#%&(-,(-".(=>>@(E#%)5(/05.(,E(-".(R#5(U,550-#,%(

L2-(;RUL(>WL.&DE@+%&1%<92+*&2+/$928+/&(%*k$2&/+2=18+/&(2+&A21C(21):&$7&1%*12+80&@9C(%&
9/+& K+?5?.& /A+81+/& @(;10(0& $2& ;1$)$518()& %(092()& 2+/$928+/& 7$2& E@18@& @9C(%& 9/+/& (2+&
A21C(21):& $77R/10+L& 0@+& (AA2$A21(0+& ;(/1/& 7$2& +=()9(01%5& (%*& /8()1%5& 0@+& 2+/0$2(01$%& 1/&
a(;10(0&"B91=()+%8:&Y%():/1/&Ka"YLD&;[#%&'(=>>`A7(G".($/#%2#$)5(2,%2.$-(0%6./5+#%&(^NL(
#*( -")-( -".( $0:5#2( 2)%( :.( 2,1$.%*)-.6( E,/( $)*-( 5,**.*( ,E( "):#-)-( /.*,0/2.*( -"/,0&"(

"):#-)-( /.$5)2.1.%-( $/,P.2-*( $/,3#6#%&( )66#-#,%)5( /.*,0/2.*( ,E( -".( *)1.( -+$.7( G".(

/.)6./(2)%(E#%6(1,/.(#%E,/1)-#,%(,%(-"#*(-,$#2(#%(_RLL(;XWWWA7(

(

4.4 The cost per unit of amount of oil spilt – The CATS 
threshold 

g.(%,9(2,1.(:)24(-,(-".(#**0.(,E(",9(*02"(.%3#/,%1.%-)5(2/#-./#)(2)%(:.(0*.6(9#-"#%(

O!L7(L*(6#*20**.6():,3.'(#%(-".(!LONBR8(/.$,/-(;!4P,%&()-()5'XWWYA'()(-"/.*",56(,E(b!B(

@W'WWW($./(-,%%.(,E(*$#55.6(,#5(9)*($,*-05)-.6(E,/(KLG!'(:)*.6(,%()(*./#.*(,E(1,6.55#%&(

)%6(,-"./()**01$-#,%*7((F%(,/6./(-,(25)/#E+(",9(-".()0-",/*()//#3.6()-(-"#*(*#%&5.(3)50.(

*,1.(1,/.(/.2.%-($)$./*(,E(-".(*)1.()0-",/*(9#55(:.()66/.**.67(

(

J)%.1(.-()5(;XWW`)'(XWW`:A()6P0*-.6(;#%()22,/6)%2.(9#-"(-".(2")%&.*(#%(b!(K,%*01./(

U/#2.( F%6.DA( -,( XWW@( 6,55)/*( -".( /.&#,%)5( )3./)&.( 25.)%0$( 2,*-*( $/.*.%-.6( :+( N-4#%(

;XWWWA7(G".*.(2,*-*(9./.(9.#&"-.6()22,/6#%&(-,(,#5(-)%4./(-/)EE#2(6.%*#-+(6#*-/#:0-#,%*(

6./#3.6(E/,1(-".(LQJN8(6)-)(E,/(XWWWMXWW=(;N%6/.*.%(.-()57'(XWW\A()%6()//#3.6()-()(

9,/56()3./)&.(25.)%0$(2,*-(,E(=@'WWWb!B($./(-,%%.(;*..(G):5.(\MX(:.5,9A7(

(

G):5.(\MXT(L3./)&.(K5.)%0$(K,*-*(ÜJ)%.1(.-()57(XWW`)á(

(
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O#%)55+'( -)4#%&( #%-,()22,0%-( -".(9,/4(,E( l.)%M^)%*.%( ;XWWVA'(Q2K)+(.-( )5( ;XWW\A( )%6(

N-4#%(;XWW\A(-".+(2,%2506.6(-")-()(/)-#,(,E(=7Y(*",056(:.()**01.6(E,/(*,2#,.2,%,1#2(

)%6(.%3#/,%1.%-)5(2,*-*()*(2,1$)/.6(-,(25.)%0$(2,*-7(G"0*'( -".(-,-)5(,#5( *$#55(2,*-( #*(

X7Y(-#1.*(-".(2,*-(,E(25.)%0$'(9"#2"(1.)%*(\W'WWW(b!B($./(-,%%.(,E(,#5(*$#55.67((

(

G".( #1$5.1.%-)-#,%( 2/#-./#,%( -")-( 9)*( $/,$,*.6( #*( -".( ,%.( $/.*.%-.6( :+( BQL( )%6(

8BL_^( ;XWWXA( )22,/6#%&( -,( 9"#2"( -".( E,55,9#%&( E0%6)1.%-)5( )$$/,)2"( #*( 3)5#6( E,/(

1.)*0/.*(#1$5.1.%-.6(,%(*"#$*T(

K,*-(,E()3./-#%&()(*$#55(~(O(à(K,*-(,E()%(,220//.6(*$#55(

(

F-(9)*( *0&&.*-.6( -")-( /#*4( /.602-#,%(1.)*0/.*()/.( -,(:.( #1$5.1.%-.6( #E( -".(2,*-*(,E(

)3./-#%&()(*$#55()/.(5.**(-")%(-".(2,*-*(,E()%(,220//.6(*$#55(105-#$5#.6(:+(O'(9"./.(O(#*()%(

n)**0/)%2.($)/)1.-./o( $,*-05)-.6( -,(:.(:.-9..%(=( )%6(V( ;=~O~VA7(L22,/6#%&( -,( -".(

):,3.()0-",/*'(-"#*($)/)1.-./'(/.E5.2-*(-".(E)2-(-")-(*$.%6#%&(/.*,0/2.*(,%($/.3.%-#%&(

,#5( *$#55*( #*($/.E./):5.( -,(*$.%6#%&(-".(*)1.(/.*,0/2.*( #%( -".()E-./1)-"(,E()(*$#55()%6(

/.2,11.%6.6(-")-()(E)2-,/(,E(=7Y((#*()(&,,6(,%.(-,(:.(0*.6(#%()(&5,:)5(2/#-./#,%7(_,-.(

-")-(#%()%,-"./($)$./(,E(-".(*)1.()0-",/*(-"#*(3)50.(#*(*)#6(-,(:.(#%(5#%.(9#-"(-".(2,*-(

.EE.2-#3.%.**(,E(-".(RUL(>W(/.&05)-#,%*(;J)%.1(.-()57'(XWW?A7(

(

G,( *01(0$'()22,/6#%&( -,(!LONBR8(-".()3./)&.(&5,:)5( 25.)%0$(2,*-( #*(=@'WWWb!B($./(

-,%%.'( $50*( X\'WWW( b!B( $./( -,%%.( -,( 2,3./( -".( *,2#,.2,%,1#2*( )%6( .%3#/,%1.%-)5(

2,*-*'( &#3#%&( )( -,-)5( ,E( \W'WWW( b!B( $./( -,%%.( ,E( ,#5( *$#55.67( G".%'( )$$5+#%&( -".( =7Y(

)**0/)%2.(E)2-,/(-".+()//#3.()-()(KLG!(-"/.*",56(3)50.(,E(@W'WWW(b!(6,55)/*($./(-,%%.7(

4.4.1 Critique of the $60,000 CATS threshold 
[,%-,3)*( )%6( U*)/)E-#*( ;XWW@A( 9./.( $/,:):5+( -".( E#/*-( -,( f0.*-#,%( -".( !LONBR8(

)$$/,)2"'( :,-"( ,%( -".( 0*.( ,E( )%+( *#%&5.( 6,55)/( $./( -,%%.( E#&0/.( )%6( ,%( -".( @W'WWW(

6,55)/(-"/.*",567((

(

F%(E)2-'(3)/#,0*(*$#55(2,*-(6)-)(,3./(-".(+.)/*(*0&&.*-.6(-".(E,55,9#%&()3./)&.(25.)%0$(

2,*-*( 9,/569#6.( ;b!Be-,%%.'( =>>>( 6,55)/*AT( ( @7W>( ;Q,S)1:#f0.A'( \V?7@?( ;!$)#%A'((

V'W?X7?W(;b[A'( (XY'@=\(;b!LA()%6(.3.%(-".(.D-/.1.(3)50.(,E(`@'Y?>(E,/(-".(/.&#,%(,E(

Q)5)+*#)(;N-4#%'(XWWWA7((G".(NqqR_(JLZBNm(V`'WWWM-,%%.(,#5(*$#55(")6()(25.)%0$(2,*-(,E((

=W`'WWW( b!Be-,%%.( ;XWW`( 6,55)/*A'( 9"./.)*( -".( 25.)%0$( 2,*-( ,E( -".( <8LN8( ?Y'WWWM

-,%%.(,#5(*$#55(9)*()*(5,9()*(@(b!Be-,%%.7(F%()66#-#,%'(-"./.(#*()1$5.(/.E./.%2.(#%(-".(

5#-./)-0/.(;*..(E,/(#%*-)%2.(N-4#%(;=>>>A'()1,%&(,-"./*'()%6(.3.%(#%(L%%.D(V(,E(QNUK(

YYe=?(#-*.5E()%6(J)%.1(.-()5(;XWW`)'(XWW`:AA(-")-(-".(2,*-(,E(,#5(*$#55*(,%()(6,55)/($./(

-,%%.(:)*#*(6.$.%6*(,%()(3)/#.-+(,E($)/)1.-./*()%6(")*()(:/,)6(3)/#)%2.7((

(
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g.()5*,(%,-.(-")-()%(#1$5#2#-()**01$-#,%(#%(-".(9.#&"-#%&(*2".1.(,E(G):5.(\MX(#*(-")-(

/.&#,%)5(,#5(-/)EE#2(*")/.(;",9.3./(-")-(#*(6.E#%.6A(#*()%()$$/,$/#)-.(9.#&"-(9#-"(9"#2"(

-,(105-#$5+( /.&#,%)5(25.)%0$(2,*-7(G".(6#/.2-(9)+(-,(2,1$0-.(&5,:)5()3./)&.(25.)%0$(

2,*-(9,056(:.(-,(6#3#6.(&5,:)5(-,-)5(25.)%0$(2,*-(:+(-,-)5(-,%%.*(*$#55.6(&5,:)55+'(-")-(#*'(

6#3#6.( -".(*01(,E( -".($/,602-*(,E( -".()3./)&.(25.)%0$(2,*-( #%(.)2"(/.&#,%(-#1.*( -".(

3,501.(,E(,#5( *$#55.6( #%( -")-( /.&#,%(:+(-".(*01(,E( -".(-,%%.*(,E(,#5( *$#55.6(/.&#,%)55+7(

b*#%&(,#5(-/)EE#2(*")/.(#%(.)2"(/.&#,%()*(-".(9.#&"-(#%(G):5.(\MX(#1$5#2#-5+()**01.*(-")-(

-".(-,-)5(3,501.(,E(,#5(*$#55.6(#%()(/.&#,%(#*($/,$,/-#,%)5(-,(-".(-,-)5(,#5(-/)EE#2(-"/,0&"(

-")-( /.&#,%7(^,9.3./'( -"#*( )**01$-#,%(1)+( %,-( :.( -/0.'( )*( 2./-)#%( /.&#,%*(1)+( *$#55(

1,/.( -")%( -".#/( -/)EE#2( *")/.'( )%6( ,-"./*( 5.**7( G"#*( #*( )( $/,602-( ,E( 6#EE./.%-(

.%3#/,%1.%-)5(2,%6#-#,%*'(6#EE./.%-(/.&05)-,/+(/.&#1.*'($./")$*(6#EE./.%-(-.2"%,5,&#.*(

;*"#$*'( -/)EE#2( 2,%-/,5( *2".1.*'( .-2A'( ,/( P0*-( -".( *-)-#*-#2)5(:.")3#,/(,E(,#5( *$#55*'( &#3.%(

-")-(1,*-(,E(-".(,#5(#*(*$#55.6(#%()(")%6E05(,E(3./+(5)/&.(*$#55*7(O,/(#%*-)%2.('(#-(2,056(:.(

*$.205)-.(-")-(,#5( *$#55(3,501.( #%(_,/-"(L1./#2)( #*($/,:):5+( 5,9./(-")%(-")-( #%(LE/#2)(

E,/( -".(*)1.( 5.3.5(,E(,#5( -/)EE#27( F%( E)2-'( -".($,,/(*-)-#*-#2)5( 2,//.5)-#,%(:.-9..%(-,-)5(

3,501.(,E(,#5(*$#55.6(#%()(/.&#,%()%6(/.&#,%)5(,#5(-/)EE#2(")*(:..%(6,201.%-.6(5,%&(-#1.(

)&,'( )1,%&( ,-"./*'( #%( B.3)%%.+( )%6( !-.9)/-( ;=>`\A'( 9",( )/&0.6( -")-( E#%6#%&( )%(

)$$/,$/#)-.( n.D$,*0/.( 3)/#):5.o( E,/( -".( 6#*-/#:0-#,%*( ,E( -".( %01:./( )%6( 3,501.( ,E(

*$#55*( #*( 2./-)#%5+()(%,%M-/#3#)5( *0:P.2-7(K,1$0-#%&(&5,:)5()3./)&.(25.)%0$(2,*-(:+( -".(

6#/.2-( 9)+( 9,056( 2")%&.( -".( 9.#&"-.6( )3./)&.( ,E( G):5.( \MX( ;)%6( #%( ,0/( ,$#%#,%(

6,9%9)/6*A7((

(

<0-(.3.%( #E( )( *#%&5.(&5,:)5( 25.)%0$()3./)&.( ( 3)50.( 2,056(:.( 2,11,%5+()22.$-.6'( -".(

/)-#,(,E(=7Y(-")-(#*()**01.6(-,()22,0%-(E,/(*,2#,.2,%,1#2*()%6(.%3#/,%1.%-)5(2,*-*()*(

2,1$)/.6( -,( 25.)%0$( 2,*-*( *..1*( 0%*0:*-)%-#)-.67( L%6'( E#%)55+'( #E( )%( H)**0/)%2.(

$)/)1.-./I( O( ;6#EE./.%-( E/,1( =A( #*( #%-/,602.6'( #-*( )$$/,$/#)-.( 3)50.( *",056( ,%5+( :.(

)*2./-)#%.6()E-./()(f0)%-#-)-#3.()**.**1.%-(,E(*,2#.-+I*(9#55#%&%.**(-,($)+(-,()3./-(,#5(

$,550-#,%7(<+(2,%-/)*-'( -".(3)50.(,E(O( #%( -".(KLG!()$$/,)2"(9)*( #%E.//.6( H#%( /.3./*.I'(

-")-(#*('(2",*.%(*,()*(-,(2./-#E+(-")-($/.3#,0*(5.&#*5)-#3.()2-#,%(;#%(-"#*(2)*.'(RUL(>WA((-,(

$/.3.%-( $,550-#,%( ")6( :..%( 2,//.2-7( _,-.( -")-( .3.%( J)%.1( .-( )5( ;XWW`A( *-)-.( -")-(

62+/+2=(01$%/&/@$9)*&;+&C(*+&2+5(2*1%5&0@+&+#(80&=()9+/&0@(0&(2+&/955+/0+*&6K/.E.//#%&(
-,( -".(\W'WWW(b!B($./( -,%%.(E#&0/.A()%6(-")-(6E@+%&%+E&(%*&9A*(0+*&8$/0&/0(01/018/&
;+8$C+&(=(1)(;)+&0@+&8210+21(&/@$9)*&;+&C$*171+*&(88$2*1%5):>?(
(

F-(#*(()5*,(%,-.6(-")-(-".(KLO(2/#-./#,%'()*(20//.%-5+()$$5#.6(#%(O!L'(0*.*(%,(O(E)2-,/'(,/(

#1$5#2#-5+()**01.*(O(v(=7(<0-(,%.(2,056(1)4.()(*#1#5)/(;,/()%(.3.%(*-/,%&./A()/&01.%-(

9#-"( -".(,%.(0*.6( E,/(KLG!'( -")-(,%.(9,056(:.(9#55#%&( -,($)+()(2,*-("#&"./( -")%(-".(

.*-#1)-.6( .2,%,1#2( 3)50.( ,E( "01)%( 5#E.( -,( *)3.( )( E)-)5#-+7( G".( f0.*-#,%( 9"+( ,%.(
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*",056(0*.( -".(O( E)2-,/( E,/( -".(.%3#/,%1.%-(9"./.)*( #-( #*(%,-(0*.6( E,/("01)%( 5#E.( #*(

,%.(-")-(%..6*(-,(:.()%*9./.67(

(

Z.)3#%&()*#6.(-".(#**0.(-")-(O'(#E(0*.6'(*",056(:.(6.-./1#%.6(:+(*,2#.-+(,/(-".(1)/#-#1.(

$,5#2+M1)4./*( )%6( %,-( :+( O!L( )%)5+*-*'( #-( 2,1.*( )*( %,( *0/$/#*.( -")-( %.#-"./( -".(

$,*-05)-.6( 0$$./( :,0%6( ,E( O( ;VA'( ,/( #-*( 5,9./( :,0%6( ;=A( )/.( %.2.**)/#5+( 3)5#67( ( O,/(

#%*-)%2.'( ",9( 2)%( ,%.( :.( *0/.'( :.+,%6( )%+( /.)*,%):5.( 6,0:-'( -")-( O( #*( ):*,50-.5+(

:.5,9(Vk(!,2#.-+(;,/(1)/#-#1.($,5#2+M1)4./*A(1)+(2,%2.#3):5+(6.2#6.(-,(*$.%6(\(-#1.*(

)*(102"(0$E/,%-(#%(-".(E,/1(,E(2)$#-)5(,/(,-"./(2,*-*'(*,()*(-,()3./-()(&#3.%(.D$.2-.6(

*$#55( 2,*-7( F%(U*)/)E-#*(.-()5( ;=>?@A'()(9.#&"-#%&( E)2-,/()*("#&"()*(=Y(:.-9..%(6)1)&.(

2,*-*()%6(*+*-.1(2,*-*(9)*(0*.6(-,(#%3.*-#&)-.(*-/)-.&#2(*$#55(/.*$,%*.()5-./%)-#3.*'(:0-(

%,()--.1$-(-,(.*-#1)-.(9")-(-"#*(9.#&"-(1#&"-(:.(9)*(1)6.7((

(

G")-( O( *",056( ):,3.( =( :.+,%6( )%+( /.)*,%):5.( 6,0:-( #*( )5*,( 6.:)-):5.7( !,2#.-+(1)+(

3./+(9.55($/.E./(-,($)+(9".%.3./(,#5(*$#55*(,220/'(#%*-.)6(,E($)+#%&()%()1,0%-(.f0)5(-,(

-".(.D$.2-.6(2,*-(,E(-".*.(*$#55*(0$E/,%-7(L5*,'()%6()*(-",*.(*-)4.",56./*(9",(9#55(:.)/(

-".( :0/6.%( ,E( 25.)%0$( )%6( .%3#/,%1.%-)5( 2,*-*( ( )/.( %,-( -".( *)1.(9",(9#55( $)+( E,/(

1.)*0/.*( -,($/.3.%-(,#5( *$#55*'( -".(9",5.( #**0.(,E( -".(O( E)2-,/( #*(102"(1,/.(6#EE#205-(

-")%(#-()$$.)/*(#%(-".(E#/*-($5)2.7((

(

[,%-,3)*( )%6( U*)/)E-#*( ;XWW@A(9)*( -".( 2,/.( ,E( )( *0:1#**#,%( :+(a/..2.( ,%( -"#*( #**0.(

;6,27( QNUK( Y@e=?e=A7( G".( 1)#%( -"/0*-( ,E( a/..2.I*( $,*#-#,%'( $,#%-#%&( ,0-( -".(

6.E#2#.%2#.*(,E(:)*#%&(2,*-(2)5205)-#,%*(,%(*$#55(3,501.'(9)*(:+()%6(5)/&.(*0$$,/-.6(:+(

3)/#,0*()/&01.%-*(:+(-".(b%#-.6(!-)-.*'(-".(F%-./%)-#,%)5(L**,2#)-#,%(,E(F%6.$.%6.%-(

G)%4./(R9%./*( ( ;F%-./-)%4,A'( -".(b%#-.6([#%&6,1'()%6(-,(*,1.(.D-.%-(:+( FGRUO(;*..(

-".(/.$,/-(,E(-".(2,//.*$,%6.%2.(&/,0$()*($/.*.%-.6(#%(QNUK(Y`e=`A7(

(

G"#*(*0:1#**#,%(,$.%.6()(:#&(2")$-./(2,%2./%#%&(.%3#/,%1.%-)5(/#*4(.3)50)-#,%(2/#-./#)(

)%6( #-*( 0*.*( 9#-"#%( O!L7( L-( -".( YY
-"
( ( *.**#,%( ,E( Q)/#%.( N%3#/,%1.%-( $/,-.2-#,%(

K,11#--..(;QNUKA(-")-(-,,4($5)2.(#%(XWW@'(-".(FQR(6.2#6.6(-,()2-(,%(-".(*0:P.2-(,E(

.%3#/,%1.%-)5( 2/#-./#)7( L-( -".( Y@
-"
( *.**#,%( ,E( QNUK( ;l05+( XWW`A( )( 2,//.*$,%6.%2.(

&/,0$(;KaA'(2,,/6#%)-.6(:+(U/,E.**,/(U*)/)E-#*(;-".(*0$./3#*,/(,E(-".(20//.%-(9,/4A(,%(

:.")5E( ,E( a/..2.'( 9)*( -)*4.6( -,( 5,,4( #%-,( )55( /.5)-.6( 1)--./*'( 9#-"( )( 3#.9( -,(

.*-):5#*"#%&( .%3#/,%1.%-)5( /#*4( .3)50)-#,%( 2/#-./#)( 9#-"#%( O,/1)5( !)E.-+( L**.**1.%-(

;O!LA7(O!L(#*(-".(1)P,/(/#*4()**.**1.%-(-,,5(-")-(#*(:.#%&(0*.6(E,/($,5#2+M1)4#%&(9#-"#%(

-".( FQR7(L%( #**0.(,E($/#1)/+( #1$,/-)%2.(9)*( E,0%6( -,(:.( -".( /.5)-#,%*"#$(:.-9..%(

*$#55(3,501.()%6(*$#55(2,*-7(
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4.5 Introduction to non linear valuation of oil spills by using 
compensation data 

L*(6#*20**.6():,3.(,%.(9)+(-,(.*-#1)-.(-".(2,*-(,E(,#5(*$#55*(2)%( #*(:+()**01#%&(-")-(

-".(-,-)5(2,*-(,E()%(,#5(*$#55(2)%(:.()$$/,D#1)-.6(:+(-".((2,1$.%*)-#,%(.3.%-0)55+($)#6((

-,( 25)#1)%-*7( O,/( .D)1$5.'( *02"( 2,1$.%*)-#,%( #%E,/1)-#,%( #*( /.$,/-.6( :+( -".(

F%-./%)-#,%)5(R#5(U,550-#,%(K,1$.%*)-#,%(O0%6*(;FRUKOA7(

 
L1,%&( -".( E#/*-( )%)5+*.*(9)*( ,%.( -")-(9)*( $./E,/1.6( :+( -".( FRUK( O0%6( #-*.5E( ( )%6(

$/.*.%-.6(#%(a/.+;=>>>A7(@?(2,1$.%*)-#,%(2)*.*(9./.()**.**.6(1)#%5+(#%(,/6./(-,(-.*-(

-".( 5#1#-*( ,E( -".( 2,1$.%*)-#,%( *+*-.17( O,0/( ( /.2.%-( 2)*.*( 9"./.( FRUKO( 6)-)( 9)*(

)%)5+S.6(9./.(4%,9%(-,(-".()0-",/*($/#,/(-,(-".#/(,9%()%)5+*#*7(F-(#*(%,-(,0/($0/$,*.(

-,(2,11.%-(,%(-".*.(#%(6.-)#5("./.7((

(

O/##*M^)%*.%( )%6( B#-5.3*.%( ;XWWVA( 0*.6( -".( =>>>( L%%0)5( 8.$,/-( ;.D2.$-( -",*.(

)22#6.%-*(-")-(:.5,%&.6(-,(-".(2)-.&,/#.*(n5,)6#%&e0%5,)6#%&o'(n1#*")%65#%&(,E(2)/&,o'(

)%6( n0%4%,9%( /.)*,%o(9"#2"(9./.( /.1,3.6( E/,1( -".#/( )%)5+*#*A( ( )%6( 2,%3./-.6( )55(

)1,0%-*( #%-,(!$.2#)5(B/)9#%&(b%#-*( ;!B8A(:+()%()3./)&.()%%0)5(.D2")%&.(/)-.(-)4.%(

E/,1( -".( F%-./%)-#,%)5( O#%)%2#)5( d.)/:,,47( G".%'( "#*-,/#2( %)-#,%)5( #%-./.*-( /)-.*( E,/(

Q,%.+(Q)/4.-(8)-.*(9./.()$$5#.6(-,(2)$#-)5#S.()55(2,*-*(#%-,(+.)/(XWWW(0%#-*(E,55,9.6(

:+()(2,%3./*#,%(#%-,(XWWW(b!B7(((

(

^.%6/#24D(;XWW`A($./E,/1.6()%()%)5+*#*(:)*.6(,%(6)-)(,E(-".(XWWV(L%%0)5(8.$,/-()%6(

)%)5+S.6(>=(2)*.*(:+(2,%3./-#%&(.)2"(2,1$.%*)-#,%()1,0%-(#%-,(b!(B,55)/*(0*#%&(E,/(

.)2"()22#6.%-(-".(.D2")%&.(/)-.(,%(B.27(V=(,E(-".(+.)/(,E(,220//.%2.7(ND2")%&.(/)-.*(

,E( -".(<)%4(,E(N%&5)%6(9./.(0*.6( E,/( -".( 20//.%2#.*()3)#5):5.()%6( E,/( -".(,-"./*()%(

,%5#%.(9.:*#-.( ;RL_BL72,1A(9)*(0*.67(G"./.( #*(%,( /.$,/-( -")-()%( #%E5)-#,%( /)-.(9)*(

0*.6(-,(:/#%&(-".*.()1,0%-*(#%-,(20//.%-(B,55)/*U**

(

d)1)6)(;XWW>A($./E,/1.6()(/.&/.**#,%()%)5+*#*(,E(-".()1,0%-(*$#55.6(;gA()%6(-".(-,-)5(

2,*-(:+(0*#%&(-".(.D2")%&.(/)-.6($/,3#6.6(#%(-".(L%%0)5(8.$,/-(#-*.5E7(G".*.(/)-.*(2)%(

:.(0*.(E,/(2,%3./*#,%(,E(,%.(20//.%2+(#%-,()%,-"./()*(,E(B.27(V='(XWW`()%6(6,(%,-(-)4.(

#%-,( )22,0%-( -".( -#1.( ,E( -".( )22#6.%-7( O0/-"./1,/.'( %,( #%E5)-#,%( /)-.( 9)*( 0*.6(

2)$#-)5#S.(-".(2,*-*(#%-,(XWW?(6,55)/*7(_,-.'(-")-(*$#55*(5.**(-")%(=(-,%%.(9./.(.D2506.6(

:+(-".()%)5+*#*7(^#*()%)5+*#*(E,/1.6(-".(:)*#*(,E(l)$)%I*(*0:1#**#,%*(-,(-".(QNUK()%6'(

-,( )( 5)/&.( .D-.%-'( -".( :)*#*( ,E( -".( QNUK( 6.2#*#,%( -,( /.2,11.%6( )( 3,501.M:)*.6(

)$$/,)2"7(((

(

Z)*-(:0-(%,-(5.)*-'(U*)//,*(.-()57(;XWW>A(0*.6(2,1:#%.6(6)-)(E/,1(-9,(6)-)*.-*'(%)1.5+(

-".(FRUKO(/.$,/-()%6(-".()22#6.%-(6)-):)*.(6.3.5,$.6(:+(Nb(/.*.)/2"($/,P.2-(!LONKR(
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FF'( )%6( -"0*( $./E,/1.6( )( /.&/.**#,%( )%)5+*#*( #%( =?V( ,#5( *$#55( #%2#6.%-*7( F-( #*( %,-(

#11.6#)-.5+(25.)/(E/,1(-".#/()%)5+*#*(9")-(-".(!LONKR(FF(6)-):)*.(#*()%6(9")-(;#E()%+A(

:#)*.*(#-(#%-/,602.*(-,(-".()%)5+*#*7(G".()1,0%-*(9./.(2,%3./-.6(#%-,(XWW?(b!(B,55)/*(

-)4#%&(#%-,()22,0%-(-".(#%E5)-#,%(/)-.7(K,11.%-*(,%(-".(5)*-(-9,($)$./*(2)%(:.(E,0%6(

:.5,97(

4.6 Analyses based on the IOPCF Data 
K,1$.%*)-#,%( E,/( ,#5( $,550-#,%( 2)0*.6( :+( -)%4./*( #*( &,3./%.6( :+( E,0/( #%-./%)-#,%)5(

2,%3.%-#,%*T((-".(=>@>()%6(-".(=>>X(F%-./%)-#,%)5(K,%3.%-#,%(,%(K#3#5(Z#):#5#-+(E,/(R#5(

U,550-#,%(B)1)&.(;nKZK(=>@>o()%6(nKZK(=>>XoA()%6(-".(=>`=()%6(=>>X(2,%3.%-#,%*(,%(

-".(N*-):5#*"1.%-(,E()%(F%-./%)-#,%)5(E0%6(E,/(K,1$.%*)-#,%(E,/(R#5(U,550-#,%(B)1)&.(

;n=>`=(O0%6o()%6(n=>>X(O0%6oA7(G".*.(2,%3.%-#,%*(-,&.-"./(2/.)-.()%6(#%-./%)-#,%)5(

*+*-.1(9"./.(/.)*,%):5.(2,*-*(,E(25.)%0$()%6(6)1)&.*()/.(1.-'(E#/*-(:+(-".(#%6#3#60)5(

-)%4./(,9%./(0$(-,(-".(/.5.3)%-(KZK(5#1#-(-"/,0&"()(2,1$05*,/+(#%*0/)%2.()%6(-".%(:+(

-".(#%-./%)-#,%)5( FRUK(O0%6*'( #E(-".()1,0%-*(25)#1.6(.D2..6(-".(KZK(5#1#-*7(Q,/.(,%(

2,1$.%*)-#,%(E,/(,#5($,550-#,%(6)1)&.(2)%(:.(E,0%6(#%(l)2,:**,%(;XWW`A'(FGRUO;XW=WA(

)%6(Z#0(.-()57(;XWW>A7(G".(FRUKO(L%%0)5(/.$,/-(;XWW?A($/.*.%-*(-".(25)#1*(-")-(-".(FRUK(

O0%6(6.)5-(9#-"(#%(-".($)*-7(G"#*(/.$,/-(#%2506.*(=W`()22#6.%-*(-")-()/.(2,3./.6(:+(-".(

=>`=( O0%6( ( )%6( VV( :+( -".( =>>X( O0%67( O,/( .)2"( )22#6.%-( -".( -#1.( )%6( -".( $5)2.( ,E(

)22#6.%-()/.(4%,9%()%6( E,/(1,*-(,E( -".(2)*.*( -".(3,501.(,E(,#5( *$5#-'()*(9.55()*'( -".(

2,*-*( 25)#1.6( )%6( .3.%-0)55+( 2,3./.6( :+( -".( O0%6( )/.( /.2,/6.67( F-( *",056( :.( %,-.6(

-")-(-".( FRUKO(*$#55(6)-):)*.(6,.*(%,-( #%2506.(b!(*$#55*'()*(-".(b%#-.6(!-)-.*( #*(%,-()(

*#&%)-,/+(-,(-".():,3.(2,%3.%-#,%*7((

(

B)1)&.*()/.(&/,0$.6(#%-,(-".(E,55,9#%&(2)-.&,/#.*T(

â(K5.)%0$(

â(U/.3.%-#3.(1.)*0/.*(

â(O#*"./+M/.5)-.6(

â(G,0/#*1M/.5)-.6(

â(O)/1#%&M/.5)-.6(

â(R-"./(5,**(,E(#%2,1.(

â(R-"./(6)1)&.(-,($/,$./-+(

â(N%3#/,%1.%-)5(6)1)&.e*-06#.*(

(

G):5.( \MV( $/.*.%-*( )%( .D2./$-( ,E( -".( FRUKO( XWW?( L%%0)5( 8.$,/-7(g"./.( 25)#1*( )/.(

*",9%( #%( -".( -):5.()*(n*.--5.6o( -"#*(1.)%*( -")-( -".()1,0%-*(")3.(:..%()&/..6(9#-"(

-".(25)#1)%-*'(:0-(%,-(%.2.**)/#5+(-")-(-".(25)#1*(")3.(:..%($)#6(,/($)#6(#%(E0557(F%(,0/(

)%)5+*#*(9.( /.E./( -,( 25.)%0$( 2,*-( )*( -".( 2,*-( -")-( ")*( :..%( )&/..6( ;.D2506#%&( 2)*.*(

9"./.(25)#1*()/.($.%6#%&A(E,/(25.)%M0$(,E(-".(6)1)&.()%6(-,(-,-)5(2,*-()*(-".(*01(,E(
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)55( 2,*-*( -")-()/.($/.*.%-.6( #%( -".( /.$,/-7(L*(,%.(1)+(%,-#2.'( -"./.()/.(2)*.*(9"./.(

25.)%M0$(2,*-(#*(-".(,%5+(2)-.&,/+(-")-()$$.)/*()%6'(-"0*'(-".(-,-)5(2,*-(#*(.f0)5(-,(-".(

25.)%0$(2,*-(;*..(E,/(.D)1$5.(G):5.(\M='(2)*.*(X()%6(\A7((

(

G):5.((\MVT((ND2./$-(,E(-".(FRUK(XWW?(L%%0)5(8.$,/-7(L6,$-.6(E/,1(FRUK;XWW?A7(

  
(

<.E,/.( 6.*2/#:#%&( ,0/( )%)5+*#*'( #-( #*( #1$,/-)%-( -,( 2,11.%-( ,%( -".( 5#1#-)-#,%*( ,E( -".(

FRUK(O0%6(6)-)*.-7(O#/*-(,E()55'(#-(*",056($,#%-(,0-(-")-(2,*-*(-")-(FRUKO(/.$,/-*(-,(-".(

$0:5#2()/.(%,-( H/.)5I(,#5( *$#55( 2,*-*7(G".+(,%5+( /.E./( -,( -".()1,0%-(,E(1,%.+( -")-(9)*(

)&/..6( -,( 2,1$.%*)-.( -".( 25)#1)%-*7( L5-",0&"( -".( FRUKO( 2,1$.%*)-#,%( E#&0/.*( )/.(

/.)5( )%6( 2)%%,-( :.( 6#*$0-.6'( )( f0.*-#,%( #*( #E( 2,1$.%*)-#,%( E#&0/.*( 2)%( :.( -)4.%( -,(

/.)*,%):5+()$$/,D#1)-.(/.)5(*$#55(2,*-*'(,/'(E)#5#%&(-")-'(#E(-".+(2)%(:.(0*.6()*((/.)5#*-#2(

H*0//,&)-.*I(,E(-".*.(2,*-*7(

(

N*-#1)-.*( ,E( 6)1)&.*( 2)5205)-.6( :+( )$$5+#%&( .2,%,1#2( 3)50)-#,%( 1.-",6,5,&#.*'(

25)#1*(E,/(2,1$.%*)-#,%()%6(-".(2,1$.%*)-#,%(.3.%-0)55+($)#6(-,(25)#1)%-*(2)%(%.3./(

:.( .f0)5( ;G"ä:)06( .-( )5'( XWWYA7( O0/-"./1,/.'( FRUKO( 2,%*#*-*( ,E( -"/..(

#%-./&,3./%1.%-)5(,/&)%#S)-#,%*(;-".(=>`=O0%6'(-".(=>>XO0%6()%6(-".(!0$$5.1.%-)/+(

O0%6A( 9"#2"( $/,3#6.( 2,1$.%*)-#,%( E,/( ,#5( $,550-#,%( 6)1)&.( /.*05-#%&( E/,1( *$#55*( ,E(

$./*#*-.%-(,#5(E/,1(-)%4./*(,%5+7((F%()66#-#,%'(#-(#*(E0/-"./(%,-.6(-")-()61#**#:5.(25)#1*(

2)%%,-(:.($)#6(#%(E055'(.*$.2#)55+(#%(-".(2)*.(,E(5)/&.(*$#55*'(*#%2.(-".(-,-)5(2,1$.%*)-#,%(

$)#6( #*( 5#1#-.6( :+( -".( =>>X( K#3#5( Z#):#5#-+( K,%3.%-#,%( ;KZKA( )%6( -".( =>>X( O0%6( -,( )(

1)D#101(,E( XWV(1#55#,%( !$.2#)5( B/)9#%&(b%#-*( ;!B8A'( -"#*( #*( )$$/,D#1)-.5+( (b!uVX`(

1#55#,%(;)*()-(L$/#5(XWW?A7(O,/(.D)1$5.'(#%(-".(2)*.(,E(HU/.*-#&.I(-,-)55+(=`X(1#55#,%(N0/,*(

9./.($)#6(E/,1(-".(=>>X(O0%6()%6(KZK(;FRUKO'(XWW>A(9"#2"(#*(,%5+(X�(,E(-".(-,-)5(5,%&(

-./1(,#5( *$#55( 2,*-*( ;Z#0()%6(g#/-S'(XWW@A7(G,(:.(1,/.()220/)-.'( 5#1#-*(6.$.%6(,%( -".(

&/,**(-,%%)&.(,E(-".(*"#$M(1,/.(#%E,/1)-#,%(2)%(:.(E,0%6(#%(FRUKO(;XWW>A7(

(

L*(*)#6(:.E,/.'(-".(b%#-.6(!-)-.*(#*(%,-($)/-(,E(-".(FRUKO'(9"#2"()*(,E(_,3.1:./(XWW>(

%01:./*(=WV(*-)-.*7(G".(*)1.(#*(-/0.(,E(K"#%)(;%,-(#%2506#%&(^,%&([,%&A7((G"./.E,/.'(

*$#55*( 5#4.( -".( HNDD,%( J)56.SI( )/.( %,-( #%2506.6( #%( -".( )%)5+*#*7( O0/-"./1,/.'( )*( ,E(
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_,3.1:./( XWW>'( ,%5+( X\( !-)-.*( )/.( $)/-( ,E( -".( !0$$5.1.%-)/+( O0%6( U/,-,2,5(9"#2"(

#%2/.)*.6( -".( 1)D#101( $)+):5.( 2,1$.%*)-#,%( -,( )$$/,D#1)-.5+( b!B( ='X=W( 1#55#,%(

;:)*.6(,%(-".(2,%3./*#,%(/)-.(,E(-".(!B8(-,(b!B(#%(L$/#5(XWW?A7(F%-./.*-#%&5+(.%,0&"'(

-".(1,*-(.D$.%*#3.((25)#1*((;#%(-,-)5(0%#-(2,*-A(2,1.(E/,1(l)$)%(;*..(G):5.(XA(9"#2"(#*(

-".(1)P,/(2,%-/#:0-,/(,E(-".(FRUK(O0%6()%6()/.(*1)55(*$#55*(2)0*.6(:+(1#*")%65#%&(,E(

,#5( *0$$5+7(_,-.( -")-( *,1.(,E( -".( *$#55*( &#3.%( #%( G):5.( X( )/.( /.1,3.6( E/,1( -".( E#%)5(

)%)5+*#*()*(,0-5#./*()%6(-")-( #%( /.5.3)%-(*-06#.*(*02"()*( -".(9,/4(,E(O/##*M^)%*.%()%6(

B#-5.3*.%()55(*$#55*(2)0*.6(:+(1#*")%65#%&(,E(,#5(*0$$5+(9./.(%,-(-)4.%(#%-,()22,0%-7((((

(

G):5.(\M\T((Z#*-(,E(-".(1,*-(.D$.%*#3.(*$#55*(#%(-./1*(,E(-,-)5($./(-,%%.(2,*-7(

(( !"#$(%)1.( d.)/( !$#55(

!#S.;-%A(

U5)2.( O5)&( K)0*.(

=( U5)-.(U/#%2.**( =>>`( V7X( J.%.S0.5)( Q)5-)( R3./E5,9( 60/#%&( 5,)6#%&(

,$./)-#,%(

X( B)#9)(Q)/0(_,(=?( =>>`( =7W( l)$)%( l)$)%( Q#*")%65#%&(,E(,#5(*0$$5+(

V( !"#%/+0(Q)/0(_,(?( =>>Y( W7Y( l)$)%( l)$)%( Q#*")%65#%&(,E(,#5(*0$$5+(

\( J,5&,%.E-(=V>( XWW`( ='@WW7W( !-/)#-(,E([./2"( 80**#)( </.)4#%&(

Y( B)#%#2"#(Q)/0(_,(Y( =>?>( W7X( l)$)%( l)$)%( Q#*")%65#%&(,E(2)/&,(

@( [/#-#(!.)( =>>@( VW7W( a/..2.( a/..2.( Q#*")%65#%&(,E(*0$$5+(

`( G*0:)1.(Q)/0(_,(V=( =>>`( W7@( l)$)%( l)$)%( R3./E5,9( 60/#%&( 5,)6#%&(

,$./)-#,%(

?( !",*.#(Q)/0( XWW@( @W7W( l)$)%( l)$)%( K,55#*#,%(

>( F5#)6( =>>V( XWW7W( a/..2.( a/..2.( a/,0%6#%&(

=W( !)1:,(_,(==( =>>V( \7W( [,/.)( [,/.)( a/,0%6#%&(

(

O#%)55+'( )%,-"./( 1)P,/( #**0.( /)#*.6( :+( 1)%+( /.*.)/2"./*( #*( -")-( -".( FRUKO( 25)#1*(

$/,:):5+(0%6./.*-#1)-.(-".(2,*-(,E(,#5(*$#55*(*#%2.(-".+(6,(%,-( #%2506.(.%3#/,%1.%-)5(

6)1)&.(2,*-*7(R%5+()61#**#:5.(25)#1*()/.(-)4.%(#%-,()22,0%-(-,(:.(2,1$.%*)-.6()%6'(

$/)2-#2)55+'( )22,/6#%&( -,( "#*-,/#2)5( 6)-)'( E.9./( -")%( =�( 2,%-)#%.6( %)-0/)5( /.*,0/2.(

6)1)&.()**.**1.%-*(;^.5-,%()%6(U.%%'(=>>>A7(_,-(-,(1.%-#,%(-")-'()22,/6#%&(-,(FRUK(

O0%6'( 68$CA+%/(01$%& 7$2& +%=12$%C+%0()& *(C(5+& K$0@+2& 0@(%& +8$%$C18& )$//& 2+/9)01%5&
72$C&1CA(12C+%0&$7&0@+&+%=12$%C+%0L&1/&2+/02180+*&0$&8$/0/&7$2&2+(/$%(;)+&C+(/92+/&0$&
2+1%/0(0+& 0@+& 8$%0(C1%(0+*& +%=12$%C+%0& (%*.& 0@+2+7$2+.& 8)(1C/& 7$2& *(C(5+& 0$& 0@+&
+8$/:/0+C&(2+&%$0&(*C1//1;)+>7(((
(

G".( *.1#%)5( $)$./( E/,1(^.5-,%( )%6(U.%%( ;=>>>A( #*( )1,%&( -".(:.*-( *,0/2.*(,E( 2,*-*(

/.5)-.6( -,( _)-0/)5( 8.*,0/2.( B)1)&.( ;_8BA7( _8B( )**.**1.%-*( )/.( $./E,/1.6( #%( -".(

b%#-.6( !-)-.*( 60/#%&( -".( 5)*-( 6.2)6.*( )%6( )/.( -".( :.*-( *,0/2.( -,( .*-#1)-.( -".(



 
THE ECONOMIC EFFECTS OF OIL SPILLS 

100 

.%3#/,%1.%-)5(6)1)&.(,E(-".(,#5(*$#55*7(G".(2,*-(6)-)(2,%2./%(\?(*$#55(#%2#6.%-*()2/,**(

-".( b!( :.-9..%( =>?\( )%6( =>>`( )%6( )22,/6#%&( -,( -".( )0-",/*( )/.( *4.9.6( -,9)/6*(

5)/&./( *$#55*7( K,1$5.-.( 6)-)( ( )/.( )3)#5):5.( E,/( VW( 2)*.*( )%6( #%2506.( ,#5( *$#55*( E/,1(

E)2#5#-#.*()%6($#$.5#%.*()%6(.3.%(#E(-"#*(6)-)*.-(2)%%,-(,EE./(/.5#):5.(/.*05-*(,%.(,E(-".(

1)#%( E#%6#%&*( ,E( ^.5-,%( )%6( U.%%( ;=>>>A( #*( -")-( 68$%02(2:& 0$& 0@+& A9;)18& A+28+A01$%.&
8$/0/& 7$2&%(092()& 2+/$928+&*(C(5+/&(%*&(//+//C+%0&8$CA21/+&$%):&(& /C())&A$201$%&$7&
0$0()&)1(;1)10:&72$C&(%&$1)&/A1))>7(_8B(2,*-*(#%(-".(,/#&#%)5(6)-)*.-(3)/+(E/,1(X7V(�(;HL/2,(

L%2",/)&.IA(-,(>\7>�(;HL$.D(^,0*-,%IA(,E(-".(-,-)5(2,*-7(F-(#*(9,/-"(-,(%,-.(-")-(E,/(-".(

H_.*-022)I()22#6.%-(_8B(2,*-(9)*(XW7Y(�()%6(E,/(-".(1,*-(.D$.%*#3.(#%(-./1*(,E(-,-)5(

2,*-(2)*.(#%(-".("#*-,/+(,E(b!'(-")-(E,/(HNDD,%(J)56.SI(-"#*(E#&0/.*(2,1.*(6,9%(-,(>7`�7(

(

G)4#%&(#%-,(2,%*#6./)-#,%()55(,E(-".():,3.'(,%.(1#&"-()/&0.(-")-(FRUKO(6)-)(6,.*(%,-(

/.$/.*.%-()(9,/56M9#6.(6)-)*.-'(1)+(%,-( #%2506.()55(/.5.3)%-(2,*-*()%6'(:+(6.E#%#-#,%'(

-"./.(#*()%(0$$./(5#1#-(-,(-".(1)D#101(,#5(*$#55(2,*-(-")-(2)%(:.(/.#1:0/*.67(G"0*'(-".(

0*.(,E(*02"(6)-)(-,(.*-#1)-.(-,-)5(,#5(*$#55(2,*-*(1)+(:.(f0.*-#,%.6'(.3.%(#%(-".(2)*.(,E(

,#5(*$#55*(2)0*.6(:+(-)%4./*(,%5+7(R%(-".(,-"./(")%6'(#E(-"./.()/.()%+()2-0)5(2,*-*(-")-(

)/.($)#6(-,(3#2-#1*(,E(,#5($,550-#,%'(-"#*(#*($/,:):5+()*(&,,6()(*,0/2.(-,(6,201.%-(*02"(

2,*-*()*()%+,%.7(U50*'(#-(#*(25.)/(-")-(-"#*()%)5+*#*(2)%(:.()1.%6.6(9#-"()66#-#,%)5(6)-)'(

-,(-".(.D-.%-(*02"(6)-)(:.2,1.*()3)#5):5.7(

(

F%(,/6./(-,($./E,/1(-".()%)5+*#*T(

=7 L55( #%2,1$5.-.( .%-/#.*( )%6( 25)#1*( -")-(9./.( %,-( .3.%-0)55+( $)#6(9./.( /.1,3.67( O,/(

.D)1$5.'(2)*.(\;*..(G):5.(\M\A($/,3#6.*(%,( #%E,/1)-#,%(,%(-".(f0)%-#-+(,E(,#5( *$#55.6(

)%6( -"0*(")*(:..%(.D2506.6( E/,1(-".()%)5+*#*()5-",0&"( -".()1,0%-(,E( 25.)%M0$(2,*-(

)&/..6(#*(4%,9%7(

X7 L55(25)#1*(E,/(-".(25.)%0$()%6(-".(-,-)5(2,*-(2)-.&,/#.*(;#%(-".(2)*.(,E(105-#$5.(25)#1*A(

9./.( )66.6( 0$( :+( 2,%3./-#%&( -".1( -,( b!( B,55)/*( )-( -".( -#1.( ,E( -".( )22#6.%-7( G".(

)0-",/(#*()9)/.(,E(-".(E)2-(-")-(-".(+.)/(,E(-".()22#6.%-()%6(-".(+.)/(9".%(-".()1,0%-(

)&/..6( 9)*( $)#6( )/.( %,-( -".( *)1.( :0-( -"#*( 9)*( -".( ,%5+( )3)#5):5.( #%E,/1)-#,%7(

O0/-"./1,/.'(-".(.D2")%&.(/)-.*(0*.6(#%(-".*.(2,%3./*#,%*(9./.(E,0%6(#%(3)/#,0*(KFL(

O)2-:,,4*( )%6( #%( )( 5#*-( ,E( E,/.#&%( 20//.%2+( 0%#-*( $./( 6,55)/( -")-( #*( 2,1$#5.6( :+(

L%-9.#5./(;XWW>A7(

V7 G".(2,*-(,E(-".($/.3#,0*(*-.$(9./.(2)$#-)5#S.6(#%-,(XWW>(b!(B,55)/*(:+(0*#%&(2,%3./*#,%(

E)2-,/*(:)*.6(,%(-".(K,%*01./(U/#2.(F%6.D(;KUFA7((

(

G"#*(9)+(9.()//#3.6()-(-9,(6)-)*.-*'(,%.(")3#%&(6)-)(,%(-".(K5.)%0$(K,*-(;KKA()%6(-".(

J,501.( ;JA( )%6( )%,-"./( ,%( -".( G,-)5( K,*-( ;GKA( )%6( -".( J,501.( ;JA7( G".*.( 6)-)*.-*(

9./.( %,-( 6#*P,#%-7( F%( E)2-'( -".( E#/*-( 6)-)*.-( 2,%-)#%.6( ?\( .%-/#.*'( -".( *.2,%6( ")6( >=(

.%-/#.*'()%6(@?(*$#55*(/.$,/-.6(:,-"(KK()%6(GK7(
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L22,/6#%&( -,( O/##*M^)%*.%()%6(B#-5.3*.%( ;XWWVA'( -".( 5,&)/#-"1(,E( -".(,#5( *$#55( 3,501.(

)%6( -".( 5,&)/#-"1(,E( -".( -,-)5( *$#55( 2,*-( )/.($,*#-#3.5+( 2,//.5)-.6'( ")3#%&( )( 3./+("#&"(

2,//.5)-#,%( 2,.EE#2#.%-7( G"#*( 9)*( )5*,( ,:*./3.6( :+( ^.%6/#24D( ;XWW`A'( d)1)6)( ;XWW>A(

)%6( U*)//,*( .-( )57( ;XWW>A7( R0/( )%)5+*#*( ,E( $,**#:5.( E#-*( 2,%2506.6( -")-( -".( 6,0:5.(

5,&)/#-"1#2'( -".(105-#$5#2)-#3.()%6(-".(6,0:5.(/.2#$/,2)5(")3.(-".("#&".*-(2,//.5)-#,%(

2,.EE#2#.%-*()%6(8M*f0)/.6(3)50.*7(G"./.E,/.'(K,*-*(;GK()%6(KKA(()%6(J,501.*(;JA(9./.(

Z,&M-/)%*E,/1.6()%6()((5#%.)/(/.&/.**#,%(9)*($./E,/1.6(E,/(-".(-9,(2)*.*7(

(

G".(%.2.**)/+(2,%6#-#,%*(E,/()(5#%.)/(/.&/.**#,%(-,(:.(3)5#6(9./.(-.*-.6()%6()%()%)5+*#*(

,E( 3)/#)%2.( ;L_RJLA(9)*( )5*,( $./E,/1.67( O0/-"./1,/.( #6.%-#E#2)-#,%( ,E( ,0-5#./*(9)*(

$./E,/1.6(:+(2)/.E055+(.D)1#%#%&(*-06.%#S.6(/.*#60)5*(&/.)-./(-")%(V7((G".(/.&/.**#,%(

)%)5+*#*(9)*( /.$.)-.6( 0%-#5( %,( ,0-5#./*( 2,056( :.( E,0%67( O#%)55+'( -".( 5#%.)/( /.&/.**#,%(

E,/105)*( #%( 6,0:5.( 5,&)/#-"1#2( E,/1( 9./.( -/)%*E,/1.6( #%-,( ( %,%M5#%.)/( /.&/.**#,%(

20/3.*7(G".(/.*05-*(,E(-".(/.&/.**#,%()%)5+*.*()/.($/.*.%-.6(#%(-".(E,55,9#%&(*.2-#,%7(

(

4.6.1 Results of the IOPCF data analysis – Cleanup Cost (CC) 
LE-./(/.1,3#%&( #%2,1$5.-.(.%-/#.*'()(6)-)*.-(,E(_v?\(*$#55*( E,/(-".($./#,6(=>`>MXWW@(

9)*(0*.6(E,/(-"#*(/.&/.**#,%()%)5+*#*(;*..(O#&7\MYA7((

(

G".( 1#%#101( 3,501.( 9)*( W7X( -,%%.*( )%6( -".( 1)D#101( 9)*( ?\'WWW( -,%%.*7( G".(

)3./)&.(*$#55(9)*(\'WYY7?X(-,%%.*(9#-"()(*-)%6)/6(6.3#)-#,%(,E(=\'@=@7=Y(-,%%.*()%6(

-".(1.6#)%(9)*( P0*-(=@X7Y(-,%%.*7(N3.%(9#-",0-()("#*-,&/)1(,%.(2,056(.)*#5+(/.)5#S.(

-")-(1,*-( 25)#1*( 2)1.( E/,1( /.5)-#3.5+( *1)55( *$#55*7( ( ( G"./.(9./.(,%5+(=W( *$#55*( ):,3.(

Y'WWW(-,%%.*()%6'(-"0*',%.(*",056(:.(3./+(2)/.E05(9".%(0*#%&(-".(/.&/.**#,%(E,/105)*(

-,(.D-/)$,5)-.(-".(2,*-(,E(5)/&.(*$#55*7(

(

G".(.f0)-#,%(,E(-".(E#--.6(1,6.5(0*#%&(5#%.)/(/.&/.**#,%(9)*T((((

( ((((((((((((ZRa=W;K5.)%0$K,*-A(v(\7@\``V(h(W7@\V@=Y(ZRa=W;JA(

(

,/'(( K5.)%0$(K,*-(v(\\'\VY((J(
W7@\\

Nf7(\MX(

(

G".( 8M!f0)/.6( *-)-#*-#2( #%6#2)-.*( -")-( -".(1,6.5( )*( E#--.6( .D$5)#%*( @=7YXY\�( ,E( -".(

3)/#):#5#-+( #%( ZRa=W;K5.)%0$( K,*-A7( G".( 2,//.5)-#,%( 2,.EE#2#.%-( ;U.)/*,%I*( 2,//.5)-#,%(

2,.EE#2#.%-( $A( ( .f0)5*( W7`?\\'( #%6#2)-#%&( )( *-/,%&( /.5)-#,%*"#$(:.-9..%( -".( 3)/#):5.*7((

G".( )%)5+*#*( ,E( 3)/#)%2.*( ;L_RJLA( #%6#2)-.6( -")-( -"./.( #*( )( *-)-#*-#2)55+( *#&%#E#2)%-(

/.5)-#,%*"#$( :.-9..%( ZRa=W;K5.)%0$( K,*-A( )%6( ZRa=W;JA( )-( -".( >Y7W�( 2,%E#6.%2.(

5.3.57(

(
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(
O#&(\MYT((Z#%.)/(8.&/.**#,%(,E(Z,&;!$#55(!#S.A()%6(Z,&(;K5.)%0$(K,*-A7*

(

O0/-"./1,/.'()%()3./)&.($./(-,%%.(,#5(*$#55(25.)%0$(2,*-(0*#%&(-".(FRUKO(6)-):)*.(9)*(

2)5205)-.6( :+( 6#3#6#%&( -".( -,-)5( )1,0%-( $)#6( :+( -".( O0%6( E,/( 25.)%0$( :+( -".( -,-)5(

)1,0%-(,E(,#5(-")-(9)*(*$#55.67(L22,/6#%&(-,(,0/()%)5+*#*'(-"#*(3)50.(2)1.(-,(='@V>(b!B(

;XWW>A($./(-,%%.7(

(

4.6.2 Results of the IOPCF data analysis – Total Cost (TC) 
O,55,9#%&( -".( *)1.( 1.-",6,5,&+( )*( #%( -".( $/.3#,0*( *-.$'( )( /.&/.**#,%( )%)5+*#*( ,E(

5,&;G,-)5(K,*-A()%6(5,&;!$#55(!#S.A(9)*($./E,/1.6(#%#-#)55+(E,/(_v>=(*$#55*(;E,/(-".($./#,6(

=>`>MXWW@A7(G".()%)5+*#*(,E(-".(*-06.%#S.6(/.*#60)5*((/.3.)5.6(-".(.D#*-.%2.(,E()(-,-)5(

%01:./(,E(?($,**#:5.(,0-5#./*7(G".*.(,0-5#./*(9./.( /.1,3.67(LE-./( -"/..(2,%*.20-#3.(

/.&/.**#,%*(9.()//#3.6()-(-".(E#%)5(6)-)*.-(,E(_v?V(*$#55*(;*..(O#&7\M@A7(

G".(1#%#101(3,501.("./.((9)*(W7=(-,%%.*()%6(-".(1)D#101(9)*(?\'WWW(-,%%.*7(G".(

)3./)&.(*$#55(9)*(\'?Y\7X>(-,%%.*'(9#-"()(*-)%6)/6(6.3#)-#,%(,E(=@'W@\-,%%.*()%6(-".(

1.6#)%(#*(P0*-(=\W(-,%%.*7(G"./.()/.(,%5+(==(*$#55*():,3.(Y'WWW(-,%%.*7(((

(

G".(.f0)-#,%(,E(-".(E#--.6(1,6.5(0*#%&(5#%.)/(/.&/.**#,%(9)*T((((

( ((((((((((((ZRa=W;G,-)5K,*-A(v(\7`==XV(h(W7`X`Y@`(ZRa=W;JA(

,/'( ( ( ( (

G,-)5(K,*-(v(Y='\VX((J(
W7`X?

Nf7(\MV(
(
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(
O#&7(\M@T((Z#%.)/(8.&/.**#,%(,E(Z,&;!$#55(!#S.A()%6(Z,&(;G,-)5(K,*-A7(

(

G".( 8M!f0)/.6( *-)-#*-#2( #%6#2)-.6( -")-( -".( 1,6.5( )*( E#--.6( .D$5)#%*( `?7X@�( ,E( -".(

3)/#):#5#-+( #%( ZRa=W;K5.)%0$(K,*-A7( ( G".(2,//.5)-#,%(2,.EE#2#.%-( ;U.)/*,%I*( 2,//.5)-#,%(

2,.EE#2#.%-( $A( ( .f0)5*( W7??\@'( #%6#2)-#%&( )( *-/,%&( /.5)-#,%*"#$(:.-9..%( -".( 3)/#):5.*7((

L&)#%'(-".()%)5+*#*(,E(3)/#)%2.*(;L_RJLA(#%6#2)-.*(-")-(-"./.(#*()(*-)-#*-#2)55+(*#&%#E#2)%-(

/.5)-#,%*"#$(:.-9..%(ZRa=W;G,-)5(K,*-A()%6(ZRa=W;JA()-(-".(>Y7W�(2,%E#6.%2.(5.3.57(

(

L%()3./)&.($./(-,%%.(,#5(*$#55(-,-)5(2,*-(0*#%&(-".(FRUKO(6)-):)*.(9)*()5*,(2)5205)-.6(

:+( 6#3#6#%&( -".( -,-)5( )1,0%-( $)#6( :+( -".( O0%6( :+( -".( -,-)5( )1,0%-( ,E( ,#5( -")-( 9)*(

*$#55.67(L22,/6#%&(-,(,0/()%)5+*#*'(-"#*(3)50.(2,1.*(-,(\'==?(b!B(;XWW>A($./(-,%%.7((

F-(")*(-,(:.(%,-.6(-")-(,0/(/.&/.**#,%()%)5+*#*(9)*(3./+(2)/.E055+($./E,/1.6(#%(,/6./(-,(

#6.%-#E+($,**#:5.(,0-5#./*(&#3.%(-".("#&"(*.%*#-#3#-+(,E(-".(,0-2,1.(,%(-".(6)-)*.-(-")-(

9.(2",*.7(R0-5#./*()-(:,-"(.%6(,E(-".(*$.2-/01(9./.(/.1,3.6'(-")-( #*'(:,-"(E,/(3./+(

5,9( )%6( E,/( 3./+( "#&"( -,-)5( *$#55( 2,*-*( $./( 0%#-( 3,501.7( F%( ,/6./( -,( #550*-/)-.( -".(

*.%*#-#3#-+( ,E( #%2506#%&( ,/( %,-( #%2506#%&( *02"( *$#55*'( 9.( $/.*.%-( -".( E,55,9#%&( E,/( )(

"+$,-".-#2)5(2,*-(E,/()(,%.(-,%%.(*$#557(G".(-,-)5(2,*-(&#3.%(:+(-".(/.&/.**#,%(E,/105)(

E,/()("+$,-".-#2)5(,#5(*$#55(,E(=(-,%%.( #*(Y='\V`(b!B7(G".(/.*05-*(9,056(")3.(2")%&.6(

6/)1)-#2)55+(#E(*,1.(,0-5#./*(")6(%,-(:..%(/.1,3.67(O,/(.D)1$5.'(5.-(0*(")3.()(5,,4()-(

-9,(.D-/.1.()22#6.%-*(:,-"(2)0*.6(:+(1#*")%65#%&(,E(,#5(*0$$5+(#%(l)$)%7(G".(H[#E040(

Q)/0I( )22#6.%-( #%( =>?X( /.*05-.6( #%( )( *$#55)&.( ,E( VX( -,%%.*7( G".( )1,0%-( ,E( 1,%.+(
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;2,%3./-.6( #%-,( XWW?( b!BA( -")-( 9)*( $)#6( E,/( 2,1$.%*)-#,%( 9)*( P0*-( =@Y( b!B( $./(

-,%%.'()(3./+( 5,9(3)50.7(R%(-".(,-"./(")%6'( #%(=>>`(-".()22#6.%-(,E( HB)#9)(Q)/0(_,(

=?I( /.*05-.6( #%( )%( ,%.( -,%%.( *$#55)&.( -")-( 2,*-.6(1,/.( -")%( \7Y(1#55#,%( b!B7( FE( -".(

.D-/.1.5+( "#&"( 2,*-( 3)50.( ,E( -".( HB)#9)( Q)/0( _,( =?I( ")6( :..%( #%2506.6( #%( -".(

/.&/.**#,%(-".(E,/105)(9,056($/,602.()(-,-)5($./(-,%%.(2,*-(E,/(-".("+$,-".-#2)5(*$#55(

,E(,%.(-,%%.(,E(Y@'WY?(b!B7(R%(-".(,-"./(")%6'(-".(.D-/.1.5+(5,9'(#%(-./1*(,E(2,*-'(

2)*.(,E(H[#E040(Q)/0I(9,056(")3.($0*".6(-".(*)1.(3)50.((-,()*(5,9()*(\@'`W@(b!B7((

(

4.6.3 Results of the data analysis – Total Cost to Cleanup Cost ratio 
J)%.1( .-( )5( ;XWW`)'( XWW`:A'( -)4#%&( #%-,( )22,0%-( -".( 9,/4( ,E( l.)%M^)%*.%( ;XWWVA'(

Q2K)+(.-()5(;XWW\A()%6(N-4#%(;XWW\A'(2,%2506.6(-")-()(/)-#,(,E(=7Y(*",056(:.()**01.6(

E,/(-".(/)-#,(,E(*,2#,.2,%,1#2()%6(.%3#/,%1.%-)5(2,*-*(6#3#6.6(:+(25.)%0$(2,*-*7(G"0*'(

-".(-,-)5(,#5(*$#55(2,*-(#*(X7Y(-#1.*(-".(2,*-(,E(25.)%0$'()22,/6#%&(-,(-".#/()%)5+*#*7((

(

G".( 6)-)( $/,3#6.6( :+( -".( FRUKO( L%%0)5( /.$,/-( 2)%( :.( 0*.6( -,( .*-#1)-.( )%( )3./)&.(

-,-)5(2,*-e25.)%0$(2,*-(/)-#,'( E,/(-".(*)1$5.(,E(*$#55*( E,/(9"#2"(-".(3)50.*(,E(:,-"(KK(

)%6(GK()/.()3)#5):5.7(!#%2.(9.()/.(,%5+(#%-./.*-.6(#%(-".(/)-#,'(-"./.(#*(%,(%..6(-,(6,(

-".( 2,%3./*#,%*( 6#*20**.6( :.E,/.( ;#7.( -,( 0*.( -".( .D2")%&.( /)-.( )%6( -".( KUF( #%6.DA7(

O0/-"./1,/.'()22#6.%-*(E,/(9"#2"(-".(25)#1.6(2,*-*(9./.(,%5+(25.)%M0$(2,*-*(")3.(-,(

:.( /.1,3.67( FE( 25.)%0$( 2,*-( #*( -".( ,%5+( 2,*-( 2)-.&,/+( )3)#5):5.'( -"#*(1.)%*( -")-( -".(

-,-)5(2,*-(;)*(#%(-".()%)5+*#*($./E,/1.6():,3.A(9,056(:.(.f0)5(-,(-".(-,-)5(2,*-()%6(#%(

-"#*(2)*.(-".(/)-#,(9#55(:.(.f0)5(-,(=7(F%(,/6./(-,(/.1,3.(-"#*(:#)*'()55(/)-#,*(.f0)5(-,(=(

")3.( :..%( /.1,3.6'( )5-",0&"( -"#*( $/,:):5+( :#)*.*( -".( )%)5+*#*( -,9)/6*( "#&"./( -,-)5(

2,*-(-,(25.)%0$(2,*-(/)-#,*7((L(/)-#,(,E(?`'Y\`(,E(-".(H</)./I()22#6.%-(9)*()5*,(/.1,3.6(

)*( )%( ,0-5#./7( G".( 6)-)*.-( ,E( -".( _v@?( /)-#,*( -")-( 9./.( 5.E-( ;*..( O#&7( \MYA'( ")*( )(

1#%#101(/)-#,(,E(=7WWX'()(1)D#101(,E(=W7W='()(1.)%(,E(=7>X>()%6()(1.6#)%(,E(=7X?`7(

G".(1.6#)%(#*(-".(1.)*0/.(,E(2.%-./(;5,2)-#,%A(,E()(5#*-(,E(%01:./*7(b%5#4.(-".(1.)%'(

-".(1.6#)%(#*(%,-(#%E50.%2.6(:+()(E.9(3./+(5)/&.(3)50.*(#%(-".(5#*-()%6(1)+(:.()(1,/.(

)$$/,$/#)-.(2/#-./#,%(E,/(-"#*($0/$,*.7(

(

<)*.6(,%(-".(E#&0/.(:.5,9'(#-(*..1*(-")-(-".(E)2-,/(,E(X7Y'(-)4.%(:+($/,P.2-(!LONBR8(-,(

/.$/.*.%-(-".()3./)&.(/)-#,(,E( -,-)5(*$#55(2,*-( -,(25.)%0$(2,*-(&5,:)55+'( #*($/,:):5+(,%(

-".("#&"(*#6.7(

(
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(
O#&7(\M`T((G,-)5(K,*-eK5.)%0$(K,*-(8)-#,7(!,0/2.T(B)-)(E/,1(FRUKO;XWW?A7(

(

4.6.4 Comparison with similar studies 
G".(E,55,9#%&(-):5.(*011)/#S.*(-".(3)/#,0*(,#5(*$#55(-,-)5(2,*-(3,501.M:)*.6(/.&/.**#,%(

E,/105)*()%6(-".(2,//.*$,%6#%&(8M*f0)/.6(3)50.*(E,/(-"#*(*-06+'(-".(*-06+(,E(U*)//,*(.-(

)5( ;XWW>A()%6( -".(*-06+(,E(d)1)6)( ;XWW>A7( O,/( 2,1$)/#*,%($0/$,*.*(9.()5*,( #%2506.(

-".(2,%*-)%-(3)50.(,E(\W'WWW(b!Be-,%%.(E,/(,#5(*$#55(-,-)5(2,*-()*($/.*.%-.6(#%(!4P,%&(.-(

)5;XWWYA( )%6( J)%.1( .-( )5( ;XWW`)'XWW`:A( 9".%( -".( )0-",/*( $/,$,*.6( -".( 2,*-(

.EE.2-#3.%.**( ( -"/.*",56( 3)50.( ,E( @W'WWW( b!Be-,%%.7( O,/( -".( \( *-06#.*( 1.%-#,%.6(

):,3.'(O#&0/.(\M?(6#*$5)+*(-".(-,-)5(0%#-(2,*-(;#%(5,&M5,&($5,-A7(

(
O#&7(\M`T((K,1$)/#*,%(,E(*-06#.*(](G,-)5(K,*-*($./(-,%%.((;#%(*.1#M5,&($5,-A7(
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(

G):5.(\MYT((K,1$)/#*,%(,E(G,-)5(K,*-(O,/105)**

!-06+( G,-)5(K,*-(v(E(;J,501.A( 8
X
(

[,%-,3)*(.-()57(;XWW>A(](-"#*(*-06+( G,-)5(K,*-(v(Y='\VX(!(JW7`X?(
W7`?\(

U*)//,*(.-()57(;XWW>A( G,-)5(K,*-(v(@W'Y=Y(!(JW7@\`
( W7YW`(

d)1)6)(;XWW>A( G,-)5(K,*-(v(V?'`VY(!(JW7@@
( W7\@W(

!4P,%&(.-()57(;XWWYA( G,-)5(K,*-(v(\W'WWW(!(J( _eL(

*

(

g")-( #*( #%-./.*-#%&( #%( -".( ):,3.( -):5.( ( #*( -")-( ,0/( *-06+( $/,602.*( )( "#&"./( GK( -")%(

d)1)6)I*(E,/()55(3)50.*(,E(J'()("#&"./(GK(-")%(-".(,%.(#%(U*)//,*(.-()57;XWW>A(E,/()55(,#5(

*$#55(*#S.*(1,/.(-")%():,0-(=W(-,%%.*'()%6()(5,9./(GK(-")%(#%(!4P,%&(.-()5;XWWYA(E,/()55(

J(1,/.(-")%(():,0-(=W(-,%%.*7((!-#55'(U*)//,*(.-()5(;XWW>A(6./#3.()(102"("#&"./()3./)&.(

3)50.'(.f0)5(-,():,0-(Y\'WWW(b!Be-,%%.'(:)*.6(,%(-".()3./)&.(3)50.(,E(-".(/)-#,(H-,-)5(

2,*-e*$#55(3,501.I(E,/()(5,&M%,/1)5(6#*-/#:0-#,%7(L2-0)55+(U*)//,*()-()5(;XWW>A(9.%-(,%.(

*-.$( E0/-"./T( -".+(105-#$5#.6( -".( Y\'WWW( E#&0/.( 9#-"( -".( Ov=7Y( )**0/)%2.( E)2-,/( )%6(

6./#3.6()(?X'WWW(b!Be-,%%.( E#&0/.'(9"#2"(9)*( -".%(6/,$$.6( #%( E)3,/(,E( -".(,/#&#%)5(

2,%*-)%-(@W'WWW(b!BeE#&0/.7(<0-'()%6(E,/(-".(/.)*,%*(-")-(9.(9#55(,0-5#%.( #%(-".(%.D-(

*.2-#,%'( #%( -"#*( $)/-#205)/( 2)*.( 9.( 6,( %,-( -"#%4( -")-( -".( Y\'WWW( b!Be-,%%.( )3./)&.(

/)-#,(2)%(:.(P0*-#E#):5+(0*.6(#%()%(.%3#/,%1.%-)5(O!L7(

(

g")-( #*( .f0)55+( #%-./.*-#%&( #%( -".( ):,3.( -):5.( #*( -".( "#&"./( 8M*f0)/.6( 3)50.( ,E( ,0/(

*-06+( 3./*0*( -",*.( ,E( -".( ,-"./*'( #1$5+#%&( )( :.--./( E#-(9#-"( -".( 6)-)'( )%6( $,**#:5+( )(

1,/.(/.5#):5.(/.$/.*.%-)-#,%(,E(*$#55(2,*-*(,%()(3,501.(:)*#*7((G"#*(#*(1)#%5+(.D$5)#%.6(

:+(-".(/.1,3)5(,E(-".(,0-5#./*()*(1.%-#,%.6(.)/5#./7((

(

4.7 Analyses of compensation costs of oil spills in the US 
G".($/.3#,0*()%)5+*.*(6,(%,-(2,%-)#%(,#5(*$#55*(E/,1(-".(b%#-.6(!-)-.*(*#%2.(b!(#*(%,-()(

1.1:./(,E(-".(FRUK(O0%67(^,9.3./'(-".(b!(*0:1#--.6(-,(-".(K,//.*$,%6.%2.(a/,0$(

/)9( 6)-)( /.&)/6#%&( -".( 25.)%0$( 2,*-( ,E( ,#5( *$#55*( -")-( 9./.( 2,3./.6( :+( -".(H1)& [A1))&
b1(;1)10:& W29/0& Z9%*& KH[bWZL?& G".( b!( .D$/.**.6( -".( ,$#%#,%( -")-( -".( 6)-)( $/,3#6.6(
0%6./.*-#1)-.( -".( /.)5( 25.)%0$( 2,*-( *#%2.( 6%$0& ())& /A1))/& 2+/9)0& 1%& (%& $A+%1%5& $7& 0@+&
H[bWZ.& %$2& (2+& ())& 2+/A$%/+& 8$/0/& 8(A092+*& ;:& H[bWZ& +#A+%*1092+/?>& _,-.( -")-( 9.(
2)$#-)5#S.6()55(2,*-*(-,(XWW>(b!B($/#2.*(:+(0*#%&(-".(aBU(6.E5)-,/(#%(5#%.(9#-"(-".(9)+(

-")-(-".(b!($./E,/1.6()($/.5#1#%)/+()%)5+*#*(-")-(9)*(*0:1#--.6(-,(-".(Ka7(G"#*(9)*(

6,%.(#%(,/6./(-,(1)4.(-".()%)5+*#*(2,1$)-#:5.(9#-"(-")-(,E(-".(FRUKO(6)-)7(

(
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G".(R#5(!$#55( Z#):#5#-+(G/0*-(O0%6( ;R!ZGOA(9)*( E#/*-(.*-):5#*".6(0%6./(!0:$)/-(K(,E( -".(

R1%#:0*(<06&.-(8.2,%2#5#)-#,%(L2-(,E(=>?@(;U7Z7(>>MYW>A7(F-(9)*(5)-./(/.3#*.6(:+(-".(R#5(

U,550-#,%(L2-(,E(=>>W(;RUL*,E(=>>WA'(/.3#*#,%*(-,(-".(R!ZGO(2)%(:.(E,0%6()-(X@(b7!7K7(

>YW>7((RUL(,E(=>>W()5*,(2,%*,5#6)-.6((/.f0#/.1.%-*(,E($/#,/(O.6./)5(,#5($,550-#,%(5)9*(

;5#*-.6(:.5,9A()%6(-".#/(*0$$,/-#%&(E0%6*7(

(

G".(R#5(!$#55(Z#):#5#-+(G/0*-(O0%6((;-".oO0%6oA(9)*(E#%)%2.6(:+()(u7WY($./(:)//.5(-)D(,%(

2/06.(,#5(/.2.#3.6()-(/.E#%./#.*(,/(,%($.-/,5.01($/,602-*(#1$,/-.6(-,'(2,%*01.6(#%'(,/(

9)/.",0*.6(#%(-".(b%#-.6(!-)-.*'(-,()(5.3.5(,E(u=(:#55#,%(;X@(b7!7K7(\@==;EA;XAA7(G".(-)D(

9)*(*0*$.%6.6(,%(l05+(='(=>>V'(:.2)0*.(-".(0%M,:5#&)-.6(O0%6(:)5)%2.(.D2..6.6(u=(

:#55#,%( ;X@( b7!7K7( \@==;EA;XAA7( F-( 9)*( /.#%*-)-.6( ,%( l05+( ='( =>>\'( 9".%( -".( :)5)%2.(

6.25#%.6(:.5,9(u=(:#55#,%7((G".(u7WY($./(:)//.5(-)D(.D$#/.6(,%(B.2.1:./(V='(=>>\(;X@(

b7!7K7(\@==;EA;=AA()%6(9)*(/.#%*-)-.6(:+(-".(XWWY(N%./&+(U,5#2+(L2-(,%(L$/#5(XWW@7( F%(

_,3.1:./(XWW?'(-".(N%./&+(F1$/,3.1.%-()%6(ND-.%*#,%(L2-(,E(XWW?(#%2/.)*.6(-".(-)D(

E/,1( Y( 2.%-*( $./( :)//.5( -,( ?( 2.%-*( $./( :)//.5( -"/,0&"( B.2.1:./( V='( XW=@( )%6( -,( >(

2.%-*($./(:)//.5(E/,1(-".%(0%-#5(B.2.1:./(V='(XW=`7(

(

G".( FR!ZG(6)-)*.-( 2,%*#*-*(,E(\?@(2)*.*(9"#2"()/.(1)#%5+(.D-/.1.5+( *1)55( *$#55*7( G".(

1.6#)%(*$#55(*#S.(,E(-".(6)-)*.-(#*(W7=@(-,%%.*()%6(-".()3./)&.(P0*-(=@?7X>(-,%%.*7(

(

L22,/6#%&( -,()($/.5#1#%)/+( /.&/.**#,%()%)5+*#*($./E,/1.6(:+( -".(b!'( /.*05-*( E)#5.6( -,(

6.1,%*-/)-.( )( *-)-#*-#2)55+( *#&%#E#2)%-( /.5)-#,%( :.-9..%( /.*$,%*.( 2,*-( ;#%( XWWY( b!BA(

)%6( *$#55( 3,501.( ;#%( -,%%.*A7( g.( $./E,/1.6( ,0/( ,9%( )%)5+*#*( )%6( $./E,/1.6( )(

/.&/.**#,%()%)5+*#*(#%(-".(*)1.(9)+(-")-(9)*($./E,/1.6(E,/(-".(FRUKO(6)-)*.-7(

(

G".(E,55,9#%&(O#&0/.($/.*.%-*(-".(/.*05-*(,E(-".()%)5+*#*7(G".(#%#-#)5(/.&/.**#,%(;6)*".6(

5#%.A(*",9.6()(3./+(9.)4(/.5)-#,%*"#$(;8
X
vW7=?=`A(:.-9..%(/.*$,%*.(;,/(25.)%0$A(2,*-(

)%6(,#5( *$#55( 3,501.7(B)-)( #%( /.6(9./.( #6.%-#E#.6()*(,0-5#./*()%6(:+( /.1,3#%&( -".1()(

:.--./(E#-(9)*()2"#.3.6(;8
X
vW7X\WYA7(!-#55(-".(/.*05-*()/.(%,-(*)-#*E)2-,/+7(_,-.(-")-(%,(

,-"./(1,6.5()2"#.3.*()(:.--./(/.*05-(-")%(-".(5#%.)/(/.&/.**#,%(:.-9..%(-".(5,&)/#-"1*(

,E(:,-"(E)2-,/*7(

(

O,/(-".(R!ZGO'()%)5+*#*(,E(*,1.(.1$#/#2)5(6)-)(E/,1(=>>?MXWWX'(9"#2"()/.(-)4.%(E/,1(

_)-#,%)5( U,550-#,%( O0%6*( K.%-./( ;XWWXA'( ")*( :..%( $./E,/1.6( :+( ^.6/#24D( ;XWW`A7(

K,%-/)/+( -,( -".( FRUK( O0%6'( -".( R!ZGO( 6,.*( %,-( 6.)5( .D250*#3.5+( 9#-"( *$#55*( E/,1( ,#5(

-)%4./*7( F%( E)2-'( :.-9..%( =>>W( )%6( XWWX'( #%( ,%5+( )/,0%6( X�( ,E( 2)*.*( #%( 9"#2"( -".(

*,0/2.(,E( -".( *$#55( 2,056(:.(.*-):5#*".6'(9./.(,#5( -)%4./*( -".( 205$/#-*'( )22,0%-#%&( E,/(

5.**( -")%(\�(,E( -,-)5( 2,*-*( ;_UOK( ;XWWXAA7( G".(6#EE./.%-( *,0/2.*(,E( *$#55*(1)+(:.( -".(

/.)*,%(E,/(-".(9.)4(/.5)-#,%*"#$(:.-9..%(-".(25.)%0$(2,*-()%6(,#5(3,501.7(
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(
O#&7(\M?T((Z#%.)/(8.&/.**#,%(,E(Z,&;!$#55(!#S.A()%6(Z,&(;K5.)%0$(K,*-A7*

(

O#&0/.( \M>( $/.*.%-*( -".( /.*$,%*.( 2,*-( -")-( 9)*( )2-0)55+( $)#6( :+( -".( R!ZG( O0%6( ;#%(

&/..%A7(G".(/.6(5#%.(/.$/.*.%-*(-".(25.)%0$(2,*-(:)*.6(,%(,0/(/.&/.**#,%(E,/105)(;*..(

Nf7(=A()%6( -".(:5)24(6)*".6( 5#%.( #*( -".( /.*05-(,E( -".( /.&/.**#,%()%)5+*#*(,E( -".(R!ZGO(

6)-)(;*..(Nf7(\M\A7(

K5.)%0$(K,*-(v(=V'?=\( ((J(
W7X`VV(((((((

Nf7(\M\(

 
O#&7(\M>T((N*-#1)-.6(3./*0*(/.)5(25.)%0$(2,*-(E,/(*$#55*(2,3./.6(:+(R!ZG(
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F-( #*( -"./.E,/.( ,:3#,0*( -")-( -".( %,%5#%.)/( 20/3.( ;)*( 6./#3.6( :+( -".( FRUKO( )%)5+*#*A(

,3./.*-#1)-.*(-".(2,*-(,E(,#5(*$#55*(-")-(9./.(2,3./.6(:+(-".(R!ZG(O0%6(](-")-(#*'(1,*-(

,E( -".( *$#55*( ;&/..%( 6,-*A( 5#.( :.5,9( -".( /.6( 5#%.7( F%( 1,/.( 6.-)#5'( ,0/( E,/105)(

,3./.*-#1)-.*(-".(25.)%0$(2,*-(E,/(VX`(,0-(,E(-".(\?@(b!(*$#55*(;@`7X>�A7(G"#*(&,.*(0$(

-,(?W�(,E(-".(2)*.*(E,/(*$#55*(&/.)-./(-")%(W7=(-,%%.*7(_,-.()&)#%(-")-(,0/(%,%M5#%.)/(

20/3.(9)*(.*-#1)-.6(E,/(*$#55*("#&"./(-")%(W7X(-,%%.*7((

(

4.8 Analysis of the combined datasets 

4.8.1 Analysis of Joint IOPCF and US dataset 
L5-",0&"(-".*.(6)-)(*.-*(2,1.(E/,1(-9,(6#EE./.%-(*$#55(*,0/2.*'(#-(2,056(:.(#%-./.*-#%&(

-,( #%3.*-#&)-.( -".( 2,1:#%)-#,%( ,E( -".( -9,7( R%.( /.)*,%( -,( 6,( *,( #-( -")-( -".( FRUKO(

6)-)*.-(#%2506.*(1)#%5+(5)/&.(*$#55*()%6(-".(R!ZGO(6)-)*.-(2,%-)#%*(1)#%5+(*1)55(*$#55*7(

<+(2,1:#%#%&(-".(-9,(6)-)*.-*(9.()//#3.()-()(6)-)(*.-(,E(Y`W(*$#55*7(G".(1.6#)%(,#5(*$#55(

")*()(*#S.(,E(W7XY(-,%%.*(9"./.)*(-".()3./)&.(#*(`\>7V?(-,%%.*7((

 
O#&7(\M=WT(((Z#%.)/(8.&/.**#,%(,E(Z,&;!$#55(!#S.A()%6(Z,&(;K5.)%0$(K,*-A(E,/(2,1:#%.6(6)-)*.-()%6(-".(

,/#&#%)5(/.&/.**#,%(,E(-".(FRUKO(6)-)*.-(;)55(*$#55*(#%2506.6A7(

(

B)-)( E/,1( FRUKO(6)-):)*.( ;:50.(6,-*A(9./.(2,1:#%.6(9#-"( -",*.( E/,1(R!ZGO( ;&/..%(

6,-*A7(G".(6)*".6( 5#%.( #%(O#&7(\M=W($/.*.%-*(-".( 5#%.(6.*2/#:.6(:+(Nf7\MX(](-")-( #*( -".(

E,/105)( 6./#3.6( :+( -".( FRUKO( 6)-)*.-7( <+( 2,1:#%#%&( )55( 6)-)( 9.( )//#3.( )-( )( %.9(

-/.%65#%.( -")-( 5#.*( 9.55( :.5,9( -".( ,/#&#%)5'( .*$.2#)55+( E,/( :#&( *$#55*7( G".( /.)*,%( )*(
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6#*20**.6(:.E,/.(#*(-")-(-".(R!ZGO(6)-)*.-(2,%-)#%*(.D-/.1.5+(*1)55(*$#55*()%6():,0-(V(

-#1.*(1,/.(6)-)( -")%( -".( FRUKO(6)-)*.-7(_,-.( -")-( )%+( 20/3.(6./#3.6(:+( /.&/.**#,%(

)%)5+*#*(,E(-".(2,1:#%.6(6)-)*.-(9#55(&/,**5+(0%6./.*-#1)-.(*$#55*(,3./(='WWW(-,%%.*7(

(

<+( /.1,3#%&(,0-5#./*( ;6)-)($,#%-*(9#-"()%():*,50-.(*-06.%#S.6(/.*#60)5(,E():,3.(XA()(

:.--./(E#-(2)%(:.()2"#.3.6'(*..(O#&7(Y7(G".(.f0)-#,%(,E(-".(E#--.6(1,6.5(#*T(

K5.)%0$(K,*-(v(X\'>V@((J(
W7YX`=(((((((((((((((((((((((((

Nf7(\MY*

 
a#3.%(-")-(-".(FRUKO(6)-)*.-(2,%-)#%*(*$#55*(&/.)-./(-")-(W7X(-,%%.*(9.()5*,($./E,/1.6(

)(/.&/.**#,%()%)5+*#*(,E(-".(2,1:#%.6(6)-)*.-(E,/(*$#55*(&/.)-./(-")-(W7=(-,%%.*'(*..(O#&7(

\M=W7(

(

G".(E#-(#*(:.--./(-")-(-".(,%.(#%(-".($/.3#,0*(2)*.*(;8
X
vW7@?A(9"#2"(#*(.3.%(&/.)-./(-")-(

-".(,%.(6./#3.6(:+(-".(FRUKO(6)-)*.-()5,%.7(G".(-/.%65#%.(6./#3.6(:+(-"#*(/.&/.**#,%(#*(

*",9%(#*(-".(*,5#6(:5)24(,%.7(_,-.((-")-(8M*f0)/.(#*(P0*-()(1.)*0/.(,E()(/.&/.**#,%(E#-7(

<+(2)/.E055+(5,,4#%&()-(-".(*2)--./($5,-'(#-(#*(,:3#,0*(-")-(-"#*(1,6.5(,3./.*-#1)-.*(*$#55*(

)-(-".(5,9./(.%6()%6(0%6./.*-#1)-.*(*$#55*()-(-".("#&"./(.%67((

(

F%()%+(2)*.'(-".(:)*#2(/.*05-(,E(,0/()%)5+*#*(#*(-")-(E,/(*$#55*(&/.)-./(-")%(W7=(-,%%.*(-".(

E,/105)(-")-(9)*($/,$,*.6(#%(-".($/.3#,0*(6.5#3./):5.(,3./.*-#1)-.*(-".(25.)%0$(2,*-(

.3.%(E,/(-".(2)*.*(,E(-".(R!ZG(O0%67(

 

 
O#&7(\M==T(((Z#%.)/(8.&/.**#,%(,E(Z,&;!$#55(!#S.A()%6(Z,&(;K5.)%0$(K,*-A(E,/(2,1:#%.6(6)-)*.-()%6(-".(

,/#&#%)5(/.&/.**#,%(,E(-".(FRUKO(6)-)*.-(;,0-5#./*(.D2506.6A7(
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O0/-"./1,/.( )%( )%)5+*#*( ,E( -".( 2,1:#%.6( 6)-)*.-( 9)*( )5*,( $./E,/1.6( E,/( ,#5( *$#55(

&/.)-./(-")%(=(-,%%.7(G".()%)5+*#*(,E(-".(2,1:#%.6(6)-)(;)E-./(/.1,3#%&(-".(,0-5#./*A(

/.*05-.6(#%(-".(E,55,9#%&(.f0)-#,%(,E(-".(E#--.6(1,6.5(0*#%&(5#%.)/(/.&/.**#,%T((((

K5.)%0$(K,*-(v(=?'==V((J(
W7@?=@( (

Nf7(\M@*

(

G".(0*.(,E(-"#*(25.)%0$(2,*-(%,%M5#%.)/(E,/105)( #*( -".(*)1.()*(,E(-".(,%.(6./#3.6(:+(

FRUKO(20/3.(,/(.3.%(:+(-".(R!ZGO(#-*.5E7(G".*.(6#EE./.%-(E,/105)*(*",056(:.(.D)1#%.6(

#%(6.-)#5(#%(,/6./(-,(E#%6(9"#2"(#*(1,/.()$$/,$/#)-.(-,(:.(0*.67((

 
O#&7(\M=XT(((Z#%.)/(8.&/.**#,%(,E(Z,&;!$#55(!#S.A()%6(Z,&(;K5.)%0$(K,*-A(E,/(2,1:#%.6(6)-)*.-(;*$#55*(

&/.)-./(-")%(W7=(-,%%.*(](,0-5#./*(.D2506.6A7*

4.8.2 The Consolidated Oil Spill database presented at MEPC 62 
F%(*$/#%&(,E(XW==(0%6./(-".( #%#-#)-#3.(,E(a./1)%#*2"./(Z5,+6'(/.*.)/2"./*(E/,1(l)$)%'(

-".( b!'( a/..2.( ;-".( )0-",/( :.#%&( )1,%&( -".1A( )%6( a./1)%+( 6.3.5,$.6( )(

n2,%*,5#6)-.6(,#5(*$#55(6)-):)*.o'(#%2,/$,/)-#%&(0$6)-.6(FRUKO(6)-)'(6)-)(E/,1(-".(b!(

)%6(6)-)(E/,1(_,/9)+'()%6($./E,/1.6()(%.9(*.-(,E(/.&/.**#,%()%)5+*.*(9#-"()(3#.9(-,(

*0:1#-(-".(/.*05-*(-,(QNUK(@X7((

(

O,55,9#%&()(*0:1#**#,%(,E(-".(b%#-.6(!-)-.*(-,(-".(FQR'(9.(")6($/.3#,0*5+(/.$,/-.6(,%(

/.2.%-()%)5+*#*(,E(,#5(*$#55(2,*-(6)-)()**.1:5.6(:+(R#5(!$#55(Z#):#5#-+(G/0*-(O0%6(;R!ZGOA'(

*..(6,201.%-(QNUK(@=e=?eX(;)%6(-".($/.3#,0*(!.2-#,%A7(G".():,3.(6)-)*.-(,E(b!(*$#55*(

#%2506.*(,%5+(-".(/.*$,%*.(2,*-7(F%(,/6./(-,()//#3.()-(-".(-,-)5(2,*-(,E()%(,#5(*$#55()(-,-)5(

2,*-( -,( 25.)%0$( 2,*-( /)-#,( 2)%( :.( 0*.67( F%( )( *0:1#**#,%( ,E( -".(b!( -,( -".(QNUK'( *..(

QNUK(@=eF_O7=='()(3)50.(,E(u(\W'?>V7@\(;#%(XWWY(b!BA((9)*(&#3.%()*(-".(H:.*-(.*-#1)-.I(

,E(-".()3,#6.6(3,501.-/#2(/.*$,%*.(2,*-()%6(u(=WX'X?`7>Y(E,/(-".(-,-)5()3,#6)%2.(2,*-7(
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G"#*( -,-)5( 2,*-( H:.*-(.*-#1)-.I( #*(:)*.6(,%( 5#-./)-0/.( /.3#.97(L5-",0&"( #-( #*(,0-(,E( -".(

*2,$.(,E(-"#*(9,/4(-,(2,11.%-(,%(-".(5#-./)-0/.'(-".(H:.*-(.*-#1)-.I(E,/(-".( ($./(-,%(

/.*$,%*.( 2,*-( ;u\W'?>V7@\A( #*( :)*.6( ,%( -".( 1.6#)%( *$#55( *#S.( ,E( W7=@( -,%%.*7( G".(

1.6#)%'( )*(9.55( )*'( -".( )3./)&.( ,E( /)-#,*( *",056( :.( 0*.6(9#-"( 2)0-#,%'( *..( U*)/)E-#*(

;XW==A7(F%(,0/(,$#%#,%'(-".*.(*-)-#*-#2*(6,(%,-(1)4.(-,,(102"(*.%*.7(_,/(6,.*(#-(1)4.(

*.%*.(-,(.D-/)$,5)-.(-,(5)/&.(*$#55*(2,*-(*-)-#*-#2*(6./#3.6(E/,1(3./+(*1)55(*$#55*7(

F%( )%+( 2)*.'( -".( -,-)5( 2,*-( -,( /.*$,%*.( 2,*-( /)-#,( E,/( -"#*( H:.*-( .*-#1)-.I( #*( X7YW=7(

G"./.E,/.'(:)*.6(,%(-"#*(/)-#,()(H:.*-(.*-#1)-.I(-,-)5(2,*-(,E(.)2"(,#5(*$#55(#%(-".(FR!ZGO(

6)-)*.-(2)%(:.(.*-#1)-.6(:+(105-#$5+#%&(-".(/.*$,%*.(2,*-(:+(-"#*(E#&0/.7(G"#*(#*(#%(5#%.((

9#-"(J)%.1(.-( )57( ;XWW`)'( XWW`:A(9",( -)4#%&( #%-,( )22,0%-( -".(9,/4(,E( l.)%M^)%*.%(

;XWWVA'(Q2K)+(.-()5( ;XWW\A()%6(N-4#%( ;XWW\A'( 2,%2506.6( -")-()( /)-#,(,E(=7Y( *",056(:.(

)**01.6( E,/( -".( /)-#,(,E( *,2#,.2,%,1#2()%6(.%3#/,%1.%-)5( 2,*-*(6#3#6.6(:+( 25.)%0$(

2,*-*7(G"0*'( -".(-,-)5(,#5( *$#55(2,*-( #*(X7Y( -#1.*(-".(2,*-(,E(25.)%0$'()22,/6#%&(-,(-".#/(

)%)5+*#*7((

(

F%( )66#-#,%( 2,1$.%*)-#,%( 6)-)( E/,1( =`( *$#55*( #%( _,/9.&#)%( 9)-./( #*( )3)#5):5.( #%( )(

6,201.%-(*0:1#--.6(:+(_,/9)+(-,(FQR'(*..(6,27(QNUK(@We=`e=7(G".*.()/.(.D-/.1.5+(

2,*-5+(2)*.*(:0-(#-(9)*(6.2#6.6(-,(4..$(-".1(#%(,0/()%)5+*#*7(

(

(L( 2,1:#%.6(6)-)*.-( ,E( -".*.( V( *,0/2.*( ")*( :..%( P,#%-5+( 6.3.5,$.6(:+( -".( &/,0$(,E(

/.*.)/2"./*( )E-./( )( *$.2#)5#S.6(9,/4*",$( ",*-.6( :+( a./1)%#*2"./( Z5,+6( #%( O.:/0)/+(

XW==()%6()(*./#.*(,E(6#*20**#,%*()1,%&(-".(&/,0$7(J)/#,0*(/.&/.**#,%()%)5+*.*'(:)*.6(

,%( -"#*( 2,1:#%.6( 6)-)*.-'( 9./.( $./E,/1.6( :+( -".( )0-",/( )1,%&*-( ,-"./*( )%6(

*0:1#--.6( :+( a/..2.( -,( -".( FQR'( *..( 6,27( QNUK( @Xe=?e=7( a/..2.r*( #%-.%-( 9)*( -,(

$)/-#2#$)-.(#%()(P,#%-(*0:1#**#,%(-,(QNUK(@X'(:0-(-"#*($/,3.6(#1$,**#:5.(60.(-,(5)24(,E(

-#1.( #%( $/,2.**#%&( )( P,#%-( *0:1#**#,%7( _,-.( -")-( 1#%,/( 5)-.( )6P0*-1.%-*( #%( -".(

2,1:#%.6( 6)-):)*.( $/,602.6( 1#%,/( 6#EE./.%2.*( #%( *,1.( /.5.3)%-( /.*05-*( -")-( 9./.(

*0:1#--.6( -,( -".( FQR( :+( a./1)%+'( l)$)%( )%6( -".( b%#-.6( !-)-.*'( *..( 6,27( QNUK(

@XeF_O7X\7(

(

a,#%&( :)24( -,( -".( 2,%*,5#6)-.6( 6)-)*.-'( 9.( )//#3.6( )-( )( 6)-)*.-( ,E( VY`( *$#55( 9#-"( )(

1#%#101(,#5( *$#55( *#S.( ,E( W7WWWV'( )3./)&.( ,E( =X7`>( )%6( )(1)D#101(,E( ='`\`7YY7( G".(

1.6#)%( #*( P0*-( W7=@(9"#2"(1.)%*( -")-( -"#*( 6)-)*.-( 2,%*#*-*( ,E( .D-/.1.5+( *1)55( *$#55*7(

G"./.E,/.( -".( 2,1:#%.6( 6)-)*.-( 2,%*#*-*( ,E( \`@( *$#55*7( G".( 1#%( *$#55( *#S.( #*( W7WWWV(

-,%%.*()%6(-".(1)D#101(=\\'WWW7(G".(1.6#)%( #*(W7V()%6(-".()3./)&.(='XY=(-,%%.*7(

G"./.E,/.( -".( 6)-)*.-( 2,%*#*-*( ,E( 3./+( *1)55( *$#55*7( G".( .f0)-#,%( ,E( -".( E#--.6(1,6.5(

0*#%&(5#%.)/(/.&/.**#,%(9)*T((((

G,-)5(K,*-(;XWW>(b!BA(v(@?'``>((J(
W7Y>V

(

(
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a#3.%( -")-( -".( FRUK(O0%6(2,%-)#%*( *$#55*( &/.)-./( -")%(W7=( -,%%.*'( /.&/.**#,%()%)5+*#*(

E,/(-".(*$#55*(&/.)-./(-")-(W7=(-,%%.*(9)*()5*,($./E,/1.67(G".(E#%)5(6)-)*.-(2,%*#*-*(,E(

V\V(*$#55*'(")3#%&()(1.6#)%(,E(P0*-(X7X`(-,%%.*7(R:3#,0*5+(-"./.(#*()(&/.)-(#%E50.%2.(,E(

-".( *1)55( *$#55*( -")-( 6,1#%)-.( -".( b!( 6)-)*.-7( G".( /.&/.**#,%( E,/105)( 6./#3.6( E/,1(

*$#55*():,3.(W7=(-,%%.*(,E(-".(2,1:#%.6(6)-)*.-(#*(-".(E,55,9#%&T(

G,-)5(K,*-(;XWW>(b!BA(v(\X'?=?((J(
W7`X>\

((((((((

(

(
O#&(\M=VT((Z#%.)/(8.&/.**#,%(,E(Z,&;!$#55(!#S.A()%6(Z,&(;G,-)5(K,*-A(](b!(GKe8K(/)-#,(,E(X7Y7(

(

O0/-"./1,/.'(3)/#,0*()%)5+*.*(9./.(2)//#.6(,0-7(8.&/.**#,%(E,/105)*(9./.(6./#3.6(E,/(

-".(9",5.( 6)-)*.-( )%6( *0:*.-*( -")-( 2,%-)#%( *$#55*( &/.)-./( -")-( W7=( -,%%.*( ;O#&7\M=XA'(

*$#55*(-")-(")$$.%.6()E-./(=>>W'()%6(*$#55*(-")-()/.(,3./(W7=(-,%%.*()%6(")$$.%.6()E-./(

=>>W7(L5-",0&"( #-( #*(%,-( -".($0/$,*.(,E( -"#*(9,/4( -,(2,11.%-(,%( -".*.()%)5+*.*( -".(

1)#%(2,%250*#,%*()/.(;*..(O#&7(\M=VAT((

;)A -".( 0$6)-.6( E,/105)( &#3.%( :+( -".( .f0)-#,%( ):,3.( ;:)*.6( ,%( -".( 2,%*,5#6)-.6(

6)-)*.-A( 0%6./.*-#1)-.*( -".( -,-)5( 2,*-( #%( 2,1$)/#*,%( -,( -".( ,/#&#%)5( /.&/.**#,%(

E,/105)(;a/..4(G,-)5(K,*-(O,/105)A(E,/(*$#55*(&/.)-./(-")%(=W(-,%%.*()%6(

;:A (-".(,/#&#%)5(/.&/.**#,%(E,/105)(5#.*():,3.()55(/.&/.**#,%(E,/105)*(6./#3.6(E/,1(-".(

2,1:#%.6(6)-)*.-(;)-(5.)*-(E,/(5)/&.(*$#55*A(9"#2"(1.)%*(-")-(#-(,3./.*-#1)-.*(-".(

-,-)5(2,*-7(

(
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O#&7(\M=VTK,1$)/#*,%(,E(3)/#,0*(/.&/.**#,%*(

(

4.9 Non linear cost functions within the IMO 
8.2)55( E/,1( -".( $/.3#,0*( !.2-#,%*( -")-( !4P,%&( .-( )57( ;XWWYA( )%6( ( J)%.1( .-( )5(

;XWW`)'XWW`:A($/.*.%-.6()%(.%3#/,%1.%-)5(2/#-./#,%(-")-(9)*(%)1.6(KLG!(;E,/(nK,*-(

-,( L3./-( ,%.( G,%%.( ,E( !$#55.6( ,#5oA( )%6( #-*( *0&&.*-.6( -"/.*",56( 3)50.( 9)*( @W'WWW(

b!Be-,%%.7( [,%-,3)*( )%6( U*)/)E-#*( ;XWW@A( 9./.( $/,:):5+( -".( E#/*-( -,( f0.*-#,%( -".(

!LONBR8()$$/,)2"'(:,-"(,%(-".(0*.(,E()%+(*#%&5.(6,55)/($./(-,%%.(E#&0/.()%6(,%(-".(

@W'WWW( 6,55)/( -"/.*",567( G"#*( $)$./(9)*( -".( 2,/.( ,E( )( *0:1#**#,%( :+(a/..2.( ,%( -"#*(

#**0.( ;6,27( QNUK( Y@e=?e=A7( G"#*( *0:1#**#,%( ,$.%.6( )( :#&( 2")$-./( 2,%2./%#%&(

.%3#/,%1.%-)5( /#*4(.3)50)-#,%(2/#-./#)()%6( #-*(0*.*(9#-"#%(O!L7(L-( -".(YY-"(*.**#,%(,E(

Q)/#%.(N%3#/,%1.%-($/,-.2-#,%(K,11#--..( ;QNUKA( -")-( -,,4($5)2.( #%(XWW@'( -".( FQR(

6.2#6.6(-,()2-(,%(-".(*0:P.2-(,E(.%3#/,%1.%-)5(2/#-./#)7(L%(#**0.(,E($/#1)/+(#1$,/-)%2.(

9)*(E,0%6(-,(:.(-".(/.5)-#,%*"#$(:.-9..%(*$#55(3,501.()%6(*$#55(2,*-C(1,*-(,E(-".(9,/4(

$/.*.%-.6():,3.(#*($)/-(,E(-".(9,/4($./E,/1.6(:+(-".()0-",/()%6(,-"./(ZQG(1.1:./*(

9"#5.(9,/4#%&(,%(3)/#,0*(FQR(*0:1#**#,%*(;,%(:.")5E(,E(a/..2.A7(

(

O,55,9#%&( -".( *0:1#**#,%( ,E( a/..2.( ;QNUK( Y@e=?e=A'( QNUK( Y`( ( ;XWW`A( %,-.6( -")-(

E0/-"./( 9,/4'( #%2506#%&( 1,/.( /.*.)/2"'( 9)*( %..6.6( ,%( -".( *0:P.2-'( )%6( )&/..6( -,(

.*-):5#*"()(2,//.*$,%6.%2.(&/,0$(;KaA'(0%6./(-".(2,M,/6#%)-#,%(,E(a/..2.'(#%(,/6./(-,(

/.3#.9(-".(6/)E-(N%3#/,%1.%-)5(8#*4(L22.$-)%2.(K/#-./#)( #%(O!L'()%6(*0:1#-()(9/#--.%(

/.$,/-( -,( -".(Y`
-"
( *.**#,%(,E(QNUK7(U/,E7(U*)/)E-#*(,E(_GbL'(9",( #*( -".(*0$./3#*,/(,E(

-"#*( 6#**./-)-#,%'(9)*( )**#&%.6( -".( -)*4( -,( 2,,/6#%)-.( -".( Ka'( *,1.-"#%&( -")-( 5)*-.6(

0%-#5( XW=W7( LE-./( *,1.( 6.5#:./)-#,%*( ,E( )( g,/4#%&( a/,0$'( QNUK( @W( /.)2".6( -".(
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2,%250*#,%'(-")-()(3,501.M6.$.%6.%-(%,%M5#%.)/(*$#55(2,*-(E0%2-#,%(*",056(:.(0*.6'()%6(

/.2,11.%6.6( ,%.( *02"( E0%2-#,%( $/,$,*.6( :+( a/..2.( E,/( E0/-"./( )%)5+*#*( ;QNUK(

@We=`eXAC()(E0%2-#,%(-")-(9)*($/,$,*.6(:+([,%-,3)*(.-()5(;XW=WA7(

(

G"#*($)/-#205)/(E0%2-#,%(,/#&#%)55+($/,$,*.6(#%([,%-,3)*(.-()57(;XW=WA'(*..(!.2-#,%(\7@7X'(

9)*(2",*.%(,3./(-",*.($/,$,*.6(:+(_,/9)+(;U*)//,*(.-()5'(XW=WA()%6(l)$)%(;d)1)6)'(

XWW>A()*(1,/.(2,%*./3)-#3.(;$/,3#6#%&("#&"./(-,-)5(2,*-(.*-#1)-.*(E,/(*)1.(*$#55(*#S.A7(

F%(*$/#%&(,E(XW==(0%6./(-".( #%#-#)-#3.(,E(a./1)%#*2"./(Z5,+6'(/.*.)/2"./*(E/,1(l)$)%'(

-".( b!'( a/..2.( ;-".( )0-",/( :.#%&( )1,%&( -".1A( )%6( a./1)%+( 6.3.5,$.6( )(

n2,%*,5#6)-.6(,#5(*$#55(6)-):)*.o'(#%2,/$,/)-#%&(0$6)-.6(FRUKO(6)-)'(6)-)(E/,1(-".(b!(

)%6(6)-)(E/,1(_,/9)+'()%6($./E,/1.6()(%.9(*.-(,E(/.&/.**#,%()%)5+*.*(9#-"()(3#.9(-,(

*0:1#-( -".( /.*05-*( -,( QNUK( @X7( G".( /.&/.**#,%( E,/105)*( 6./#3.6( :+( -"#*( 6)-)( 9./.(

$/.*.%-.6(#%(!.2-#,%(\7?7X()%6(E,/1.6(-".(:)*#*(,E()(a/..4(*0:1#**#,%(-,(FQR7(L(P,#%-(

*0:1#**#,%(9#-"(*5#&"-5+(6#EE./.%-(/.*05-*(9)*($/.$)/.6(:+(-".(,-"./(V(Q.1:./M!-)-.*7(

U./")$*(-".(1,*-(#%-./.*-#%&(;)%6(f0#-.(0%.D$.2-.6A(/.*05-(,E(-".(%.9(/.&/.**#,%*(9)*(

-")-( .3.%( -",0&"( 6)-)( E/,1( -".( b!( )%6( _,/9)+( 9./.( )66.6( ;)%6( -".*.( )/.( f0#-.(

.D$.%*#3.(*$#55*A'(-".(%.9(-,-)5(*$#55(2,*-(E0%2-#,%*(,:-)#%.6()/.(E+))&;+)$E(-".(,/#&#%)5(
,%.(:+(a/..2.7(

(

L-(QNUK(@X(;l0%.(XW==A()(g,/4#%&(a/,0$(;9"./.(-".()0-",/(9)*($/.*.%-()*()(1.1:./(

,E( -".( a/..4( 6.5.&)-#,%A( 9)*( E,/1.6( )%6( .%6,/*.6( -".( 2,%*,5#6)-.6( 6)-):)*.(

)5-",0&"( #-(1)6.( 25.)/( -")-( O!L()%)5+*-*( )/.( E/..( -,($./E,/1( -".#/( ,9%()%)5+*#*( )%6(

6./#3.()%+(,-"./(2,*-( E,/105)(9"#2"( -".+(2)%(0*.( #%(O!L(*-06#.*( *,( 5,%&()*( #-( #*(9.55(

6,201.%-.6( :+( -".( 6)-)7( F%( )66#-#,%'( QNUK( )5*,( )&/..6( -,( $)24)&.( -".( 1)#%(

/.2,11.%6)-#,%*(,E(-".(6#*20**#,%(,%(-"#*(-,$#2(#%(-".(E,/1(,E()%()1.%61.%-(-,(-".(

O!L( &0#6.5#%.*( ;*..( L$$.%6#D( <( E,/( -".( E055( -.D-A( )%6( E,/9)/6.6( -".( &/,0$*( /.$,/-(

;QNUK(@XegU7=V(A(-,(FQRI*(Q)/#-#1.(!)E.-+(K,11#--..;Q!KA(E,/(E0/-"./()2-#,%(;.7&7'(

#%2,/$,/)-.(-".*.(E#%6#%&*(#%-,(O!L(&0#6.5#%.*A7(

_,-.( -")-( -".( $/,$,*.6( )1.%61.%-*( )5*,( 2,11.%-*( ,%( -".( #**0.( ,E( OM_( 6#)&/)1*(

9#-"#%()%(.%3#/,%1.%-)5(O!L(:+(f0.*-#,%#%&(-".(0*.E05%.**(,E(*02"(6#)&/)1*(&#3.%(-".(

$./2.$-#,%(-")-(-".(20//.%-(E..-(#*(9#-"#%(-".(LZL8U(/.&#,%()%6()&/..6(-")-(-".(1)--./(

*",056(:.( 5.E-(,$.%(0%-#5( O!L( *-06#.*($/.*.%-( *,1.( /.*05-*7( ( G".( /.)6./(1)+(:.()5*,(

/.E.//.6(-,(!)1.*()%6(^)1)%%(;XWW?A(9",($/,$,*.6(-9,(9)+*(E,/(*.--#%&(-".(:,/6./*(

,E(-".(LZL8U(/.&#,%(,%()%(OMG(6#)&/)1(,%.(,E(9"#2"(9)*(-,()**01.(-")-(-".(20//.%-(

/#*4( 5.3./( #*()22.$-):5.()%6(-,([)%.4,()%6(d)1)6)( ;XW=WA( E,/()%,-"./(9)+(-")-(0*.*(

-".( 9,/569#6.( a/,**( B,1.*-#2( U/,602-( ;aBUA'( )%%0)5( f0)%-#-+( ,E( ,#5( *$#55.6( )%6(

#%2,1.(:+(-".(,#5(-/)%*$,/-.6()*(4.+($)/)1.-./*7(

(
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N3.%(-",0&"(2./-)#%5+(QNUK(@X(/.)2".6()%(#1$,/-)%-(1#5.*-,%.(#%(-./1*(,E(2,%3./&#%&(

,%()(6#EE#205-(-,$#2'()-(-".(*)1.(-#1.(-"./.()/.(*.3./)5(2,%2./%*'(9"#2"()/.(,0-(,E(-".(

*2,$.(,E(-"#*(6#**./-)-#,%(-,()%)5+S.7(l0*-()(1)P,/(,%.T()(/)-#,(-.*-(9)*()&)#%(.%6,/*.6(

#%( 2)*.( )%( 8KR( /.602.*( :,-"( E)-)5#-+( )%6( .%3#/,%1.%-)5( /#*47( ( G"#*(1.)%*( -")-( KNL(

*",056( :.( 0*.6( #%( -"#*( 2)*.( )%6'( -"0*'( )( %.-( 2,*-( .EE.2-#3.%.**( #%6.D( 9"./.( -".(

1,%.-#S.6(:.%.E#-*( E/,1()3./-#%&(-".(,#5(*$#55(9#55(:.( #%2506.6( #%(-".(-,-)5(:.%.E#-*(,E(

-".( 8KR7( F%( )66#-#,%'(1,*-( .D$./-*(9./.( %,-( 2,%3#%2.6( -")-( *02"( )( /)-#,( 2)%%,-( :.(

0*.6(#%(-".(2)*.(9"./.(-"./.(#*(%,(/#*4(/.602-#,%(,%("01)%(".)5-"(:0-(6.2#6.6(-,(5.)3.(

*,1.(*$)2.(E,/($./E,/1#%&(K<L(#%(-"#*(2)*.7(g.(E..5(-")-(-".($/,:5.1*(,E(0*#%&()(%,%M

5#%.)/(6)1)&.(E0%2-#,%(;)*(#%(-".(2)*.(,E(,#5($,550-#,%A(#%(O!L(9,056(:.(/.)5#S.6(-".(E#/*-(

-#1.(-")-(-"#*(9#55(:.($./E,/1.6(#%()(/.)5(O!L7(

(

4.10       Uses of Non linear cost functions 
G".(9)+(-")-(-"#*(%,%5#%.)/(E0%2-#,%(-")-(2)%(:.(0*.6(-,(.*-#1)-.(-".(2,*-(,E()%(,#5(*$#55(

9"#2"(#*()5*,(-".(:.%.E#-(,E()(1.)*0/.(-")-(-,-)55+(.5#1#%)-.(-".(/#*4(,E(*02"()%(,#5(*$#55*(

9#55(:.(6#*20**.6(#%(K")$-./(@7(_.D-(!.2-#,%(9#55(:.(:/#.E(#%-/,602-#,%(,%(#%2,/$,/)-#%&(

)(%,%(5#%.)/(E0%2-#,%(#%-,(O,/1)5(!)E.-+(L**.**1.%-()%6(!.2-#,%(\7=W7X(9#55(,0-5#%.(-".(

9)+( -")-( *02"( )( E0%2-#,%( 2)%( :.( 0*.6( -,( .3)50)-.( )5-./%)-#3.( -)%4./( 6.*#&%*( 9#-"#%(

U/,:):#5#*-#2(R#5(R0-E5,9(/#*4(1,6.5*7(

(

4.10.1 Within Formal Safety Assessment 
8KR(.3)50)-#,%(:+(2,1$)/#%&(-".(:.%.E#-*(;6./#3.6(:+(0*#%&()(E0%2-#,%A()%6(-".(2,*-*(

#*'(#%(-".,/+'($/.*.%-.6(#%(U*)/)E-#*(;XWW?A()%6([,%-,3)*(.-()57(;XW=WA7(d)1)6)(;XWW>A'(

^)11)%%( )%6( Z,./( ;XW=WA( )%6( d)1)6)( )%6( [)%.4,( ;XW=WA( $/.*.%-.6( )( 9)+( -,(

#%2,/$,/)-.()(%,%M5#%.)/(2,*-(E0%2-#,%(9#-"#%(O!L7(G".(5)--./($)$./(E,/1*(-".(:)*#*(,E()(

/.5.3)%-(*0:1#**#,%(-,(-".(FQR'(*..(6,27(QNUK(Y>e=`e=(-")-(9)*(*0:1#--.6(:+(l)$)%7(

F%( /.)5#-+( -"#%&( )/.( )( 5#--5.( :#-(1,/.( 2,1$5#2)-.6( )*( #-(9#55( :.( *",9%( #%( -".( E,55,9#%&(

.D)1$5.7(

(

G"#*(2,*-( #*(%,-(-".( H/.)5I(2,*-(,E()%(,#5(*$#55'( #-( #*( P0*-(-".(2,1$.%*)-#,%(2,*-(,E()%(,#5(

*$#557( ^,9.3./( -".*.( E,/105)*( )/.( :)*.6( ,%( -".( :.*-( )3)#5):5.( 6)-)7( O0/-"./1,/.'(

)22,/6#%&( -,( -".( /.2,11.%6)-#,%*(,E(QNUK(@X( ;FQR'( XW==A( -".( 2,*-( -,( )3./-( )%(,#5(

*$#55( *",056( :.( .f0)5( -,( -".( 6)1)&.( 2,*-( 105-#$5#.6( :+( -9,( E)2-,/*'( %)1.5+( -".(

n)**0/)%2.( E)2-,/o( )%6( -".( n0%2./-)#%-+( E)2-,/o7( G".( *,M2)55.6( n)**0/)%2.( E)2-,/o( #*(

*0$$,*.6( -,( /.$/.*.%-( *,2#.-+I*( 9#55#%&%.**( -,( $)+( -,( $/.3.%-( )%( ,#5( *$#55( #%*-.)6( ,E(

*0*-)#%#%&( #-*( 6)1)&.*7( G".( n0%2./-)#%-+( E)2-,/o( /.$/.*.%-*( -".( E)2-( -")-( -".(

2,1$.%*)-#,%(2,*-*(,E()(*$#55()/.(%,-(.f0)5(-,(-".(/.)5(2,*-*(,E(-")-(*$#557( (G)4#%&(#%-,(
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)22,0%-(-")-()(2,11,%5+()22.$-.6()%6(.D)2-(.*-#1)-#,%(,E(-".(2,*-(,E()3./-#%&()%(,#5(

*$#55( #*(%,-()(-/#3#)5( #**0.(9.()**01.(9#-"#%(-"#*($)$./(-")-(-".(6)1)&.(,#5(*$#55(2,*-(#*(

.f0)5(-,(-".(2,*-(,E()3./-#%&(*02"()(*$#557(^,9.3./'(#-(#*(605+(%,-.6(-")-(-"#*(#*()(*0:P.2-(

,E( E0/-"./( 6.:)-.7( F%( )%+( 2)*.(,%.(1)+( )**01.()( E)2-,/( -,( 2,%3./-( -".*.( #%-,(1,/.(

/.)5#*-#2(2,*-(E0%2-#,%*7(F%(,0/()%)5+*#*()(E)2-,/(,E(=(9#55(:.(0*.6()5*,(#%()22,/6)%2.(-,(

-".([)56,/M^#24*(2,1$.%*)-#,%(2/#-./#,%(9"./.(9.()**01.(-")-(-",*.(9",(*0EE./(E/,1(

)%(,#5(*$#55(2)%(:.(2,1$.%*)-.6()%6(")3.(%,(E0/-"./(25)#17((

(

F%(1,*-(O!L(*-06#.*()%(.3.%-( -/..( #*($/.*.%-.67(O,/(.)2"(*.f0.%2.(,E( -".(.3.%-( -/..(

-".(.D$.2-.6(%01:./(,E(-,%%.*(-")-(9#55(:.()3./-.6(#*(2)5205)-.6()*(-".($/,602-(,E(-".(

E/.f0.%2+(,E(-".(.3.%-(;U#A()%6(-".()3./)&.(2,%*.f0.%2.*(;J#A()%6(#*($/.*.%-.6()*(NÜJá7(

G"#*( #*(-".(*,M2)55.6(U,-.%-#)5(Z,**(,E(2)/&,(;UZKA(3)50.(E,/(.)2"(*.f0.%2.7(G"#*(3)50.(

*",056( -".%( :.( 105-#$5#.6( 9#-"( -".( $./( -,%%.( 2,*-( ;9"#2"( #*( )( E0%2-#,%( ,E( -".( *$#55(

3,501.A( -,( .*-#1)-.( -".( /#*4( ;6.%,-.6( )*( NÜK#áA( ( )%6( :+( *011#%&( )55( -".( /.5.3)%-(

*.f0.%2.*( -".( -,-)5( /#*4( 1)+( :.( ,:-)#%.67( L%,-"./( .f0#3)5.%-( 9)+( -,( .*-#1)-.( -".(

.D$.2-.6( :.%.E#-( ,E( )3./-#%&( )%( ,#5( *$#55( :+( 0*#%&( -".( 2,*-( E0%2-#,%( ;K,*-;JAA( #*( -,(

105-#$5+#%&(-".($/,:):#5#-+(U#(9#-"(K,*-(;J#A7(G".*.(-9,(9)+*(5.)6(-,(.f0#3)5.%-(/.*05-*7(

g")-(#*( #1$,/-)%-(-,(*-/.**(,0-(#*(-")-(-".(.D$.2-.6(2,*-(*",056(:.(.*-#1)-.6(:.E,/.(

-".(#1$5.1.%-)-#,%(,E(-".(8KR()%6()E-./(#-7(

(

L22,/6#%&(-,(d)1)6)()%6([)%.4,(;XW=WA'()%(8KR(2)%(:.(/.&)/6.6()*(2,*-M.EE.2-#3.( #E(

-".(E,55,9#%&(E,/105)(#*(*)-#*E#.6(

|}(M(|!({(W(

(

9"./.( |}( #*( -".( :.%.E#-( :+( #1$5.1.%-#%&( -".( 8KR( 9"#2"( #*( -".( /#*4( /.602-#,%( ;#%(

1,%.-)/+(0%#-*A()%6(|!(#*(-".(2,*-(,E(#1$5.1.%-#%&(-".(8KR7(|}(#*(-".(.D$.2-.6(2,*-(,E(

)%(,#5(*$#55(:.E,/.(-".(#1$5.1.%-)-#,%(,E(-".(8KR(;(NÜK,/&á(A()%6()E-./(;(NÜK%.9á(A7(

G"./.E,/.'((-".(2/#-./#,%(:.2,1.*(((((((((

|!(~|<(v(NÜK,/&á(M(NÜK%.9á(

(

F%( $/)2-#2.'( -".( 6#*2,0%-.6( 2,*-*( )%6( :.%.E#-*( *",056( :.( 2,1$)/.67( O0/-"./1,/.'( #%(

1,*-(O!L(*-06#.*(*0:1#--.6(-,(-".(FQR(-".(.3.%-(-/..*(")3.(%,-(:..%(/.2)5205)-.67(F%(

1,*-(2)*.*'(-".(8KR(9)*()**01.6(-,(./)*.(-".(/#*4(;9"#2"(1.)%*(NÜK%.9á(.f0)5(-,(S./,A(

,/()( /#*4( /.602-#,%()*()($./2.%-(,E( -".( #%#-#)5( /#*4(9)*(.*-#1)-.6(:+(.D$./-( P06&1.%-7((

G)4#%&(-".*.(/.1)/4*(#%-,()22,0%-'()$$5+#%&(-".(2/#-./#,%(#*(*-/)#&"-E,/9)/67(

(

(

(
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4.10.2 Probabilistic Oil Spill Risk Analysis:   
Environmental Performance of Tankers 

 
F%( )66#-#,%( -".( K,*-( <.%.E#-( L%)5+*#*( $/.*.%-.6( ):,3.( )*( )( $)/-( ,E( )( O,/1)5( !)E.-+(

L**.**1.%-( ;O!LA( 2,056( )5*,( :.( 0*.6( -,( .3)50)-.( -".( .%3#/,%1.%-)5( $./E,/1)%2.(,E(

)5-./%)-#3.(-)%4./(6.*#&%*7F%(&.%./)5'(-,(1,6.5(-".(/#*4(,E()%(#%6#3#60)5(-)%4./(*$#55'( #-(

1)+(:.()/&0.6(-")-(,%.(")*(-,T(

=7 B.-./1#%.(-".($/,:):#5#-+(,E()%()22#6.%-(C(

X7 B.-./1#%.( -".( ,#5( ,0-E5,9( 3,501.( &#3.%( -".( )22#6.%-( )*( )( $/,:):#5#-+((

6#*-/#:0-#,%(C(

V7 B.-./1#%.(-".(*$#55(2,%*.f0.%2.(&#3.%(-".(,0-E5,9(3,501.(:+(0*#%&(-".(%,%((

5#%.)/(E,/105)7(

(

G"#*(1.-",6,5,&+(")*(:..%()$$5#.6( #%(1)%+(*-06#.*($./E,/1#%&(,#5( *$#55( /#*4()%)5+*#*7(

O,/(.D)1$5.'(*..(Q,%-.94)(;XWW>A()%6(Q,%-.94)(.-()57(;XW=WA(9",($/.*.%-(-".(/#*4(

,E(2,55#*#,%()%6(&/,0%6#%&()*()(/)%6,1(3)/#):5.()%6(0*.*(-".(/#*4()**.**1.%-($/,2.**(

-")-(#*(#550*-/)-.6(#%(-".(E,55,9#%&(6#)&/)17(

(

O#&7(\M=\T((((<5,24(6#)&/)1(,E(/#*4()**.**1.%-($/,2.**()$$5#.6(#%($/.*.%-.6(*-06+(ÜQ,%-.94)'(XW=Wá(

(

L22,/6#%&( -,( -".#/( )%)5+*#*'( -".( /#*4( -")-( -)%4./*( 2,55#6#%&( ,/( &/,0%6#%&( $,*.( -,( -".(

.%3#/,%1.%-(2)%(:.(2)5205)-.6(0*#%&(-".(&.%./)5(E,/105)'(*.$)/)-.5+(E,/(2,55#*#,%()%6(

&/,0%6#%&T&

(

9"./.(4Y&1.)%*()($/,:):#5#-+(,E()%()22#6.%-(;2,55#*#,%(,/(&/,0%6#%&A'(4H[lY&&1.)%*()(

$/,:):#5#-+(,E()%(,#5(*$#55(&#3.%()%()22#6.%-'(4H[&6.%,-.*()($/,:):#5#-+(6.%*#-+(E0%2-#,%(
,E()%(,#5(*$#55(3,501.(#%(-".(a05E(,E(O#%5)%6'(J&*-)%6*(E,/(2,%*.f0.%2.*(,E()%()22#6.%-'(
9"#2"(/.E./*(-,()%(,#5(*$#55(25.)%(0$(2,*-*()%6(0*.6(-".(%,%(5#%.)/(E0%2-#,%(6./#3.6(:+(

d)1)6)(;XWW>A7(
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U/,:):#5#-+(6.%*#-+(E0%2-#,%(,E()%(,#5(*$#55(3,501.'(E,/(-".(a05E(,E(O#%5)%6(#*(.D$/.**.6(

)*(E,55,9*(;Q,%-.94)(.-()57'(XW=WAT(

(

9"./.( #%( -".( 2)*.( ,E( 2,55#*#,%( Bm& =7>( )%6( :v>WW>7=( C( )%6( E,/( &/,0%6#%&( BmN?n& (%*&
;mV?\`7@(()%6(#&#*()(3,501.(,E(*$#55(*#S.(#%(-,%*7(

(

O0/-"./1,/.'($/,:):#5#*-#2(,#5(,0-E5,9(1,6.5*()/.(:.#%&(0*.6(#%(/#*4(:)*.6(,$-#1#S)-#,%(

,E( 2/06.( ,#5( 2)//#./*( 9#-"( /.*$.2-( -,( 5,**( ,E( 2)/&,7( G".*.( )/.( #%( 5#%.( 9#-"( -".( FQR(

/.&05)-#,%*(/.&)/6#%&(-".($/,:):#5#*-#2(,#5(,0-E5,9(E,/(:0%4./(-)%4*(;)$$5#.6(-,()55(*$#55*A(

)%6(2)/&,( -)%4*( /.&)/6#%&(,#5( 2)//#./*7( F%6..6'(QNUK(")*()6,$-.6()( /.3#*.6(QL8URZ(

L%%.D( FeXX( )%6( XV( )$$5#2):5.( -,( )55( %.9( ,#5( -)%4./*( -,( $/,3#6.( )6.f0)-.( $/,-.2-#,%(

)&)#%*-( ,#5( $,550-#,%( #%( -".( .3.%-( ,E( &/,0%6#%&( ,/( 2,55#*#,%'( *..( FQR( ;XWW@)'( XWW@:'(

XWW@2A7((

(

8.&05)-#,%(XX()$$5#.*(-,(%.9(,#5(-)%4./*'(9"#2"(1.)%*()55(-)%4./*(6.5#3./.6(,%(,/()E-./(

=( l)%0)/+( XW=W7( G".( ( U/,:):#5#-+( 6.%*#-+( E0%2-#,%*( ")3.( :..%( 6.-./1#%.6( E,/( -".(

5#4.5#",,6(,E(6)1)&.(:.#%&(.%2,0%-./.6()-(6#EE./.%-($,#%-*(#%(-".(5.%&-"(,E(-".(*"#$(E,/(

:,-"( *#6.( )%6( :,--,1( 6)1)&.7( ( L%( )**.**1.%-( #*( -".%( 1)6.( ,E( -".( .D$.2-.6( ,#5(

,0-E5,9( E/,1( .)2"( 6)1)&.6( -)%4( ,/( &/,0$( ,E( -)%4*( #%2506#%&( -#6)5( .EE.2-*( )%6(

)22,0%-#%&(E,/()%+(/.-)#%.6(,#57((

(

G".( 1.)%( ,#5( ,0-E5,9( $)/)1.-./( #*( 2)5205)-.6( #%6.$.%6.%-5+( E,/( *#6.( 6)1)&.( )%6(

:,--,1(6)1)&.()%6(-".%(2,1:#%.6(#%(%,%(6#1.%*#,%)5(3)50.()*(E,55,9*T(

(

9"./.(HQ!()%6(HQ<()/.(-".(1.)%(,0-E5,9*(E,/(-".(*#6.(6)1)&.()%6(:,--,1(6)1)&.(

/.*$.2-#3.5+()%6(J(#*(-".(-,-)5(3,501.(,E(2)/&,(,#5(#%(1
V
(E,/()(>?�(E055(-)%47((

G"0*( E)/'( /.*.)/2"( ,%( /#*4( :)*.6( *"#$( 6.*#&%( ")*( 1)#%5+( E,20*.6( ,%( $)/)1.-/#2(

,$-#1#S)-#,%( #%( ,/6./( -,( /.602.( ,#5M,0-E5,9( $/,:):#5#-+( )%6( #%2/.)*.( 2)/&,( 2)//+#%&(

2)$)2#-+(;U)$)%#4,5),0(.-()57'(XW=WA7((^,9.3./'(-".(.2,%,1#2(6)1)&.(,E()22#6.%-)5(,#5(

,0-E5,9(2)%(:.(.*-#1)-.6(:+(0*#%&()(%,%(5#%.)/(E0%2-#,%()*($/.*.%-.6():,3.7(G")-(9)+'(

)5-./%)-#3.( 6.*#&%*( 2,056( :.( P06&.6( E,/( -".#/( .%3#/,%1.%-)5( $./E,/1)%2.( ;!#/4)/( .-(

)57'=>>`A7(J.%-#4,*(t(!9-#/)5#*(;XW==A($/.*.%-()($/,:):#5#*-#2(E,/105)-#,%(,E(/.&05)-#,%(

XV(,E(QLUURZ( -,(2)5205)-.(6#*-/#:0-#,%()%6(f0)%-#-#.*(,E(,#5(,0-E5,9( E,/()55(1)P,/(,#5(

-)%4./( 2)-.&,/#.*( )%6( .D)1#%.( %01./,0*( 2)/&,( -)%4( 2,%E#&0/)-#,%*( E,/( -)%4./*( :+(

*#105)-#%&(105-#$5.(,0-E5,9(*2.%)/#,*(E,/(-".(-)%4./(E5..-7(F%()66#-#,%'(-".+($./E,/1()%(

)**.**1.%-( ,E( -".( 2,*-( ,E( -".*.( $,-.%-#)5( ,#5( *$#55*( :+( 0*#%&( *,1.( ,E( -".( E,/105)*(

6#*20**.6():,3.7(
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5  
THE ECONOMIC EFFECTS OF GHG 
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G"./.(#*()(&/,9#%&(2,%2./%(-")-(-".(N)/-"I*()-1,*$"./#2(2,1$,*#-#,%(#*(:.#%&()5-./.6(

:+("01)%()2-#3#-#.*(9"#2"(2)%(5.)6(-,(25#1)-.(2")%&.7(G"#*(3#.9(")*(5.6(-,(-".(b%#-.6(

_)-#,%*( O/)1.9,/4( K,%3.%-#,%( ,%( K5#1)-.( K")%&.( ;b_OKKKA( 9#-"( -".( )&/..6(

,:P.2-#3.(60$&(8@1+=+&/0(;1)1,(01$%&$7&52++%@$9/+&5(/&8$%8+%02(01$%/&1%&0@+&(0C$/A@+2+&
(0&(& )+=+)& 0@(0&E$9)*&A2+=+%0&*(%5+2$9/&(%0@2$A$5+%18& 1%0+27+2+%8+&E10@& 0@+&8)1C(0+&
/:/0+C>;*..(L/-#25.(X(,E(-".(8#,(K,%3.%-#,%A7(B0.(-,(-".(1)%+(0%2./-)#%-#.*( #%3,53.6(

9#-"( 25#1)-.( 2")%&.'( -".( F%-./&,3./%1.%-)5( U)%.5( ,%( K5#1)-.( K")%&.( ;FUKKA'( )(

*2#.%-#E#2( #%-./&,3./%1.%-)5( :,6+(9)*( -)*4.6( -,( .3)50)-.( -".( /#*4( ,E( 25#1)-.( 2")%&.(

2)0*.6(:+("01)%()2-#3#-+7( G".( /.$,/-*($/,602.6(:+( FUUK(1)6.( #-( 25.)/( -")-(6#EE./#%&(

3#.9$,#%-*( 9#-"#%( -".( *2#.%-#E#2( 2,110%#-+( 6,( .D#*-7( L#/( $,550-#,%( E/,1( *"#$*( #*(

20//.%-5+()-(-".(2.%-./(*-)&.(,E(6#*20**#,%(:+(-".(9,/56(*"#$$#%&(2,110%#-+7(G".([+,-,(

U/,-,2,5( &)3.( FQR( M-".( F%-./%)-#,%)5( Q)/#-#1.( R/&)%#S)-#,%M( -".( -)*4( ,E( -)245#%&(

:0%4./(.1#**#,%*7(L5-",0&"(*,1.(/.&05)-#,%(.D#*-*(E,/(%,%Ma/..%(^,0*.(a)*.*(;a^a*A'(

*02"()*(!RX'(_RD()%6(,-"./*'(*"#$$#%&(")*(-"0*(E)/(.*2)$.6(:.#%&(#%2506.6(#%(-".([+,-,(

&5,:)5(.1#**#,%*(/.602-#,%(-)/&.-(E,/(KRX7(

(

B.3.5,$#%&'()63,2)-#%&()%6( #1$5.1.%-#%&($,5#2#.*( #*(%,-($,**#:5.(9#-",0-(*,1.(:)*#2(

0%6./*-)%6#%&( ,E( -".( *2#.%2.( -")-( 0%6./5#.*( -".( 25#1)-.( 2")%&.( 6.:)-.( )%6( -".(

*0//,0%6#%&(0%2./-)#%-#.*7(O,20*#%&(,%(E)2-*( E#/*-'( #-( #*(4%,9%(-")-(E,**#5( E0.5*(*02"()*(

1)/#%.(:0%4./*(2,%-)#%("#&"($./2.%-)&.(,E(2)/:,%()%6("+6/,2)/:,%*()%6(-".(:0/%#%&(

,E( -".*.( E0.5*( $/,602.*( 2)/:,%( 6#,D#6.( 9"#2"( #*( ,%.( -".( a^a*7( K)/:,%( 6#,D#6.(

.%")%2.*(/)6#)-#3.(E,/2#%&()%6(2,%-/#:0-.*(-,(&5,:)5(9)/1#%&7(a5,:)5(g)/1#%&( #*(-".(

#%2/.)*.( #%( -".( )3./)&.( -.1$./)-0/.( ,E( -".( N)/-"I*( %.)/M*0/E)2.( )#/( )%6( ,2.)%*7( L%(

#%2/.)*.(:.+,%6(-".(%,/1)5(2)%(2)0*.(*.)( 5.3.5(-,(/#*.'(6.2/.)*.6(*%,9(2,3./( #%(-".(

_,/-"./%(^.1#*$"./.()%6(*,(,%7((

(

!2".55#%&( ;XWW`A( $,*.*( *,1.( f0.*-#,%*( -")-( .D$,*.( -".( /.5.3)%-( 0%2./-)#%-#.*7( ^,9(

102"(2)/:,%(6#,D#6.(1)+( P,#%( -".()-1,*$"./.( #%()(:0*#%.**()*(0*0)5( *2.%)/#,k(^,9(

102"()3./)&.(9)/1#%&(#*(-,(:.(.D$.2-.6(E/,1()(*$.2#E#2(#%2/.)*.(#%(-".(2,%2.%-/)-#,%(

,E(a^a*k(^,9(9#55(-"#*(()3./)&.(9)/1#%&(-/)%*5)-.(#%-,(25#1)-.(2")%&.()%6(9")-(-".(
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.EE.2-*(9#55( :.( #%( ( YW(,/(=YW(+.)/*( E/,1(%,9(k(G".( *-):#5#S)-#,%(,E( 2,%2.%-/)-#,%*(,E(

)-1,*$"./#2(KRX(9#55( /.f0#/.(*#&%#E#2)%-( /.602-#,%*( #%(&5,:)5(.1#**#,%*(,E(KRX( #%( -".(

E0-0/.(:0-(-".(/.*05-)%-(-.1$./)-0/.(E/,1(*-):#5#S#%&(-".*.(2,%2.%-/)-#,%*()-(3)/#,0*(

5.3.5*(;.7&7'(\YW($$1'(YYW($$1'(.-27A(6.$.%6*(,%(3)/#,0*(E)2-,/*7(Q,6.5*(.*-#1)-.(-")-(

-".(&5,:)5(1.)%(*0/E)2.(-.1$./)-0/.()/#*#%&(E/,1()(6,0:5#%&(,E(KRX(2,%2.%-/)-#,%*(#*(

:.-9..%(X
,
(K()%6(\7Y

(,
(K(;FUUK'(XWW`A7((

(

5.1 Emissions from Shipping and Effects on Climate 
L*(%,-.6(#%(-".(*.2,%6(FQR(a^a(!-06+(XWW>(;*..(<0")0&(.-()57'(XWW>A'(-/)%*$,/-)-#,%(

$/,602.*( /,0&"5+( X`7`�( ,E( -".( 9,/56I*( KRX( .1#**#,%*7( 8,0&"5+( X=7V�( ,E( -",*.(

.1#**#,%*()/.(E/,1(/,)6(-/)%*$,/-)-#,%'(X7@�(E/,1()3#)-#,%'(W7Y�(E/,1(/)#5'()%6(V7V�(

E/,1( )55( 1)/#%.( -/)%*$,/-)-#,%( ;X7`�( 2,1.*( E/,1( #%-./%)-#,%)5( 1)/#-#1.( *"#$$#%&A7(

K)//+#%&(,3./(>W�(,E(9,/56(-/)6.'()%6(,%5+(.1#--#%&(X7`�(,E(&5,:)5()%-"/,$,&.%#2(KRX'(

#*( )( *#&%( ,E( )( /.1)/4):5+( .EE#2#.%-( #%60*-/+7( !"#$$#%&( )*( -".( 1,*-( .%3#/,%1.%-)55+(

E/#.%65+( 1,6.( ,E( -/)%*$,/-)-#,%'( *./3.*( -".( 9,/56( -/)6.( )%6( 6.3.5,$1.%-( )%6( -")-(

*",056( %,-( :.( $.%)5#S.6( :+( #%-/,602#%&( %,%M9,/4):5.( *,50-#,%*( -,( #-*( *")/.( ,E(

/.*$,%*#:#5#-+(,E(K5#1)-.(K")%&.7((

3U7U7 Measuring Emissions from Shipping*
G,-)5(KRX((.1#**#,%*(E/,1(*"#$$#%&(;:,-"(6,1.*-#2()%6(#%-./%)-#,%)5A()/.(.*-#1)-.6(-,(

/)%&.(E/,1(?Y\(-,(='XX\(1#55#,%(-,%*(;XWW`A'(9#-"()(H2,%*.%*0*(.*-#1)-.I(*.-()-(='W=>(

1#55#,%( -,%*'( ,/( V7V�( ,E( &5,:)5( KRX( .1#**#,%*( ;<0")0&'( .-( )57'( XWW>A7( ^,9.3./'( 9.(

*",056(%,-.(-")-(6#EE./.%-(*-06#.*($/,602.(6#EE./.%-(/.*05-*7(G".(%..6(E,/()(2,%*.%*0*(

:.2)0*.(,%(-"#*(*0:P.2-(#*(60.(-,(-".(E)2-(-")-(#E(9.(6,(%,-(4%,9(9")-(*"#$$#%&(.1#-*(

9.(2)%%,-(*.-()%+(/.602-#,%(-)/&.-*7((8.)6./*(1)+(/.2)55(-".(-/0#*1(n+,0(2)%I-(2,%-/,5(

9")-( +,0( 2)%I-( 1.)*0/.o7( F%( -"#*( !.2-#,%( 9.( 9#55( -/+( -,( )66/.**( -"#*( #**0.( :+(

2,11.%-#%&(,%(-".(9)+(.1#**#,%*(#%3.%-,/#.*()/.(2)//#.6(,0-7(

(

L5*,(%,-.'(#%(5#%.(9#-"(-".():,3.()%6(#%()%(.EE,/-(-,()66/.**(-".(#**0.(,E(a^a(.1#**#,%*(

E/,1(*"#$*'(-".(FQR(L**.1:5+()6,$-.6(#%(B.2.1:./(XWWV(-".(8.*,50-#,%(L7>@V;XVA(,%(

nFQR( U,5#2#.*( )%6( U/)2-#2.*( /.5)-.6( -,( -".( 8.602-#,%( ,E( a/..%",0*.( a)*( N1#**#,%*(

E/,1( !"#$*o( 9"#2"( 1%0+2& ()1(( 0/&.*( -".( Q)/#%.( N%3#/,%1.%-( U/,-.2-#,%( K,11#--..(

;QNUKA(-,(&#3.($/#,/#-+(-,(-".(.*-):5#*"1.%-(,E()(a^a(.1#**#,%(:)*.5#%.7((

(

G,(E#%6(-".(.f0#3)5.%-(KRX(.1#**#,%*'(,%.(")*(-,(105-#$5+(-".(:0%4./(2,%*01$-#,%(:+(

)%( )$$/,$/#)-.( .1#**#,%*( E)2-,/( ; A7( G".( V7=`( KRX( .1#**#,%*( E)2-,/( ")*( :..%( -".(

.1$#/#2)5(1.)%(3)50.(1,*-(2,11,%5+(0*.6(#%(KRX(.1#**#,%*(2)5205)-#,%*(:)*.6(,%(E0.5(

2,%*01$-#,%( ;*..( NQNUeKR8F_LF8( ;XWWXA( )%6( N%6/.*.%( ;XWW`AA7( G".( 0$6)-.( ,E( -".(

2COF
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FQR( XWWW( *-06+( ;<0")0&( .-( )5'( XWW?A'( 9"#2"( ")*( :..%( $/.*.%-.6( )-(QNUK( Y?'( 0*.*(

*5#&"-5+( 5,9./(2,.EE#2#.%-*'(6#EE./.%-( E,/(^.)3+(O0.5(R#5()%6( E,/(Q)/#%.(B#.*.5(R#57(G".(

)2-0)5(3)50.*()/.(V7W?X(E,/(Q)/#%.(B#.*.5()%6(Q)/#%.(a)*(R#5*(;QBReQaRA()%6(V7WX=(

E,/( ^.)3+( O0.5( R#5*( ;^ORA7( L22,/6#%&( -,( -".( /.$,/-( ,E( -".( g,/4#%&( a/,0$( ,%(

a/..%",0*.(a)*(N1#**#,%*(E/,1(!"#$*(;FQR'(XWW?:A'(-".(&/,0$()&/..6(-")-(-".(K)/:,%(

-,(KRX(2,%3./*#,%(E)2-,/*(0*.6(:+(-".( FQR(*",056(2,//.*$,%6(-,(-".(E)2-,/*(0*.6(:+(

FUKK(;XWW@(FUKK(a0#6.5#%.*A( #%(,/6./(-,(.%*0/.(")/1,%#S)-#,%(,E(-".(.1#**#,%*(E)2-,/(

0*.6(:+($)/-#.*(0%6./(-".(b_OKKK()%6(-".([+,-,(U/,-,2,57((

(
G):5.(YM=T((K,1$)/#*,%(,E(N1#**#,%(O)2-,/*(4&(KRXe4&(O0.5((;FQR'(XWW?:A(

JXO[*N^\O* K9KD]K*
7_1_7*

!\++*0QQ4*K';&/B;"/?*

*

>/H;?/&*7WW4*
K';&/B;"/?*

* * P/<-'B#* [%R/$* X../$* *

Q)/#%.(6#.*.5()%6(1)/#%.(

&)*(,#5*(;QBReQaRA( V7W?X( V7=>( V7W=( V7X\(

V7X=X(Z,9(!05$"0/(O0.5(R#5*(

;Z!ORA(
V7W`Y(

V7=V( V7WW( V7X>(
^#&"(!05$"0/(O0.5(R#5*(

;^!ORA(
V7WX=(

(

G"./.()/.(&.%./)55+(-9,(1)#%(1.-",6*(-")-(2)%(:.(0*.6(-,($/,602.(E0.5(2,%*01$-#,%(

)%6(.1#**#,%(.*-#1)-.*( E,/(*"#$$#%&'(*..(U*)/)E-#*()%6([,%-,3)*( ;XWW>A7(R%.(1.-",6(

0*.*(1)/#%.(E0.5(*)5.*(6)-)(#%(2,1:#%)-#,%(9#-"(E0.5M/.5)-.6(.1#**#,%(E)2-,/*7(G".(0*.(

,E(1)/#%.( E0.5( *)5.*( -,( .*-#1)-.( .1#**#,%*'( )5*,( 2)55.6( H-,$M6,9%I(1.-",6'( ,/( HE0.5M

:)*.6I( 1.-",6'( 9,056( :.( -".( 1,*-( /.5#):5.( 1.-",6( ,E( .*-#1)-#%&( -,-)5( E0.5(

2,%*01$-#,%()%6(.1#**#,%*( #E(9.( 2,056( /.5+(,%( -".(%01:./*(,E(1)/#%.(:0%4./( E0.5*(

*)5.*( -")-( )/.( /.$,/-.67( Q)/#%.( :0%4./( *0$$5+( #*( 1)#%5+( 2,55.2-.6( E/,1( .%./&+(

6)-):)*.*($0:5#*".6(:+(-".(N%./&+(F%E,/1)-#,%(L61#%#*-/)-#,%(;NFLA'(-".(F%-./%)-#,%)5(

N%./&+( L&.%2+( ;FNLA( )%6( b%#-.6( _)-#,%*( O/)1.9,/4( K,%3.%-#,%( ,%( K5#1)-.( K")%&.(

;b_OKKKA7(

(

^,9.3./'(-"./.(#*(9#6.*$/.)6(6,0:-():,0-(-".(/.5#):#5#-+(,E(:0%4./(E0.5(*-)-#*-#2*()*()%(

#%6#2)-,/(,E()2-0)5(E0.5(0*.6(#%(*"#$$#%&7(L(E#/*-($/,:5.1(-")-(:.2,1.*()$$)/.%-(9".%(

2,1$)/#%&( -".*.( 6)-)( *.-*( #*( -")-( NFL( )%6( FNL( 6.E#%.( nF%-./%)-#,%)5( :0%4./*o(

6#EE./.%-5+T( FNL(&#3.*( -".( E0.5( 2,%*01$-#,%(,E(1)/#%.( #%-./%)-#,%)5(:0%4./*( #%2506#%&(

2,%*01$-#,%(:+(9)/*"#$'(9"#5.(NFL(#%2506.*(*,1.(#%-./%)-#,%)5(P.-(E0.5(#%(#-*(E#&0/.*(E,/(

9,/56( E0.5( 2,%*01$-#,%( E/,1( #%-./%)-#,%)5( :0%4./*7( G"0*'( .*-#1)-.*( ,E( &5,:)5( KRX(

.1#**#,%*( E/,1(1)/#-#1.( -/)%*$,/-( 6./#3.6( E/,1(.%./&+( *-)-#*-#2*( 6#EE./( *0:*-)%-#)55+(

E/,1()2-#3#-+M:)*.6(.*-#1)-.*'()*(-".*.()/.(6.E#%.6(:.5,97(

(



 
THE ECONOMIC EFFECTS OF GHG EMISSIONS 

 

125 

B0.( -,( 6#EE#205-#.*( #%( 0*#%&( -".( -,$M6,9%(1.-",6'( )*( ,0-5#%.6( ):,3.'( )%( )5-./%)-#3.(

1.-",6( ")*( .1./&.67( G"#*( #*( -".( *,M2)55.6( H:,--,1( 0$I( 1.-",6'( ,/( H)2-#3#-+M:)*.6I(

1.-",67(G"#*( #*()%()$$/,)2"(:)*.6(,%(E5..-()2-#3#-+(-")-(-/#.*(-,(.*-#1)-.(9,/56( E5..-(

.1#**#,%*( :+( 2)5205)-#%&( .1#**#,%*( E,/( )55( $,**#:5.( *"#$M-+$.( )%6( *#S.( :/)24.-*7( G"#*(

1.-",6( %..6*( #%E,/1)-#,%( ,%( *"#$(1,3.1.%-*( )%6( *"#$( 2")/)2-./#*-#2*( ;3.**.5( -+$.(

)%6( *#S.'( .%&#%.( -+$.( )%6( )&.'( ( E0.5( -+$.'( .-2A'( )*( 9.55( )*( -".( 2,//.*$,%6#%&( E0.5(

2,%*01$-#,%( E#&0/.*( )%6( .1#**#,%( E)2-,/*7( G".( )$$/,)2"( ")*( 1)%+( 3)/#)%-*'( 1)#%5+(

6.$.%6#%&( ,%( ",9( -".( *.-( ,E( #%$0-*( #*( ,:-)#%.6'( )%6( 9")-( 1,6.5#%&( ,/( ,-"./(

)**01$-#,%*()/.(0*.67(B.-)#5.6(1.-",6,5,&#.*(E,/(2,%*-/02-#%&(E0.5M:)*.6(#%3.%-,/#.*(

,E( *"#$(.1#**#,%*(")3.(:..%($0:5#*".6(:+(K,/:.--( )%6([ã"5./( ;XWWVA'( N%6/.*.%(.-( )5(

;XWWV'( XWW`A'( N+/#%&( .-( )5( ;XWWYA'( <0")0&( .-( )57( ;XWW?A( )%6( U*)/)E-#*( )%6( [,%-,3)*(

;XWW>A7(

(

G):5.( YMX( #*( E/,1( U*)/)E-#*( )%6( [,%-,3)*( ;XWW>A( )%6( *",9*( )( 2,1$)/#*,%( ,E( :0%4./(

2,%*01$-#,%(.*-#1)-.*()1,%&()(:/,)6(*.-(,E(*-06#.*'(:)*.6(,%(-".(2,1$)/#*,%(1)6.(

#%(<0")0&(.-()5(;XWW?A7(<0%4./(2,%*01$-#,%(#*(/.5.3)%-()*(#-(#*(6#/.2-5+($/,$,/-#,%)5(-,(

KRX(.1#--.67(F%(,/6./(-,()55,9()($/,$./(2,1$)/#*,%'(9"#2"(#*(6#EE#205-()%+9)+(:.2)0*.(

,E( 6#EE./.%-( 1,6.5#%&( )**01$-#,%*'( 3)/#,0*( )6P0*-1.%-*( 9./.( )$$5#.67( O,/( 1,/.(

#%E,/1)-#,%(*..(U*)/)E-#*()%6([,%-,3)*(;XWW>A7(

(

(
G):5.YMX(T((K,1$)/#*,%(,E(<0%4./(K,%*01$-#,%(8.*05-*(,E(J)/#,0*(!-06#.*(

( `-?/*)/-$* N%#-B*8a#=*
A&b'?#/&*
N%#-B*

0QQ5*/?#*8a#=*

O)$;"L*/#*-BUT*0QQ3* XWW=( X?W( X``( V@=(

+%$E/##*/#*-BU*0QQ1* XWW=( X?>( XY\( VV>(

O"&$/?/"*/#*-BT*0QQ5* XWWW( =>Y( X=W( X?X(

!aC*OG./$#*K$%'.* XWW`( V@>( V@>( V@>(

!OA*#%#-B*F-$;"/*?-B/?* XWWY( X=\( X=\( XV\(

O!A*E'"@/$* XWW\( XXY( XXY( X@W(

`',-'L*/#*-BUT*0QQc* XWW`( VVV( VVV( VVV(

\?-$-<#;?*-"&*d%"#%H-?T*0QQW* XWW`( X>?( X?V( X?V(

 
G".( 1)#%( /.)*,%( E,/( -".( 6#EE./.%-( .*-#1)-#,%*( )1,%&( -".( /.5)-.6( *-06#.*( #*( -".(

.*-#1)-.6(-,-)5(",0/*(,E(*"#$(.%&#%.(,$./)-#,%($./(+.)/7(G,(:.(1,/.($/.2#*.'(-".(-9,(

4.+( $)/)1.-./*( )55( H:,--,1( 0$I( *-06#.*( )/.( -".( .%&#%.( E0.5( 2,%*01$-#,%( ;9"#2"( #*(

:)*.6( ,%( -".( #%*-)55.6( .%&#%.( $,9./( ;#%( 4gA'( -".( *$.2#E#2( E0.5( 2,%*01$-#,%( ,E( -".(

.%&#%.( ;!ORKA( )%6( -".( .%&#%.( 5,)6A( )%6( -".( .%&#%.( )2-#3#-+( ]( -".*.( )/.( -".( .%&#%.(

/0%%#%&(",0/*()-(*.)'(#%($,/-()%6(5)#6M0$7(L%,-"./(2/#-#2)5($)/)1.-./(-")-(3)/#.*()1,%&(

*-06#.*( #*( -")-( ,E( *"#$( )2-#3#-+'( 9"#2"( #%( 1)%+( 2)*.*( #*( 6./#3.6( 6#/.2-5+( E/,1(

&.,&/)$"#2)5(*"#$(1,3.1.%-(6)-)7(g.(")3.(%,-#2.6(-".(0*.(,E(-/)EE#2(6.%*#-#.*(6./#3.6(
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E/,1(-".(F%-./%)-#,%)5(K,1$/.".%*#3.(R2.)%ML-1,*$"./.(B)-)(!.-(;FKRLB!A()%6(-".(

L0-,1)-.6(Q0-0)5ML**#*-)%2.(J.**.5(8.*20.(!+*-.1(;LQJN8A(#%(N%6/.*.%(.-()5(;XWWVA(

)%6( -".( 0*.( ,E( L0-,1)-#2( F6.%-#E#2)-#,%( !+*-.1( ;LF!A( 6)-)( 2,55.2-.6( E/,1( )( &5,:)5(

%.-9,/4(#%(-".(0$6)-.(XWWW(FQR(*-06+(;<0")0&(.-()5'(XWW>A7((F%()(*#1#5)/(9)+'(K,/:.--(

)%6( [ã"5./( ;XWW\A( :)*.6( -".#/( .*-#1)-#,%( ,%( .%&#%.( $/,E#5.*( E/,1(1)%0E)2-0/./( )%6(

,$./)-,/(*0/3.+7((RE()55(-".():,3.()%6()22,/6#%&(-,(<0")0&(.-()57(;XWW>A(-".(%01:./(,E(

6)+*()-(*.)(#*(-".($)/)1.-./(-")-(2,%-/#:0-.*(-".(5)/&.*-(0%2./-)#%-+7((

(

L%,-"./(1)#%(6#EE./.%2.(,E(,0/()$$/,)2"(;*..(U*)/)E-#*()%6([,%-,3)*(;XWW>AA(9)*(-")-(

E,/( 1,*-( ,E( -".( E5..-( 9.( 0*.6( /.)5( E0.5( 2,%*01$-#,%( 6)-)( )*( $/,3#6.6( :+( *"#$(

,$./)-,/*7( G".( #1$,/-)%2.( ,E( 0*#%&( )2-0)5( 6)-)( #*( #%( 5#%.( 9#-"( K,/:.--( )%6( [ã"5./(

;XWW\A'(9"#2"(*-)-.(-")-(6W@+&1CA$20(%8+&$7&$;0(1%1%5&+CA1218()&(%*&=()1*&C+(/92+/&$7&
=+//+)&(801=10:&1/&()/$&(&A$1%0&$7&(52++C+%0?&W@+/+&*(0(&(2+&79%*(C+%0()&0$&9%*+2/0(%*&
+%51%+&)$(*&A2$71)+/.&$A+2(01%5&@$92/.&(%*&2+/9)0(%0&79+)&8$%/9CA01$%>?&
&

5.1.2 Future emissions 
G".(/.)6./(:)*.6(,%(-".():,3.(*",056(:.(2,%3#%2.6(-")-(.*-#1)-#%&()(a^a(.1#**#,%*(

:)*.5#%.( #*( %,-( )%( .)*+( -)*47( L( E,/-#,/#'( #-( 10*-( :.( 102"( 1,/.( 6#EE#205-( -,( .*-#1)-.(

E0-0/.(.1#**#,%*7(Q)%+(*2.%)/#,*(E,/(E0-0/.(a^a(.1#**#,%*'(#%2506#%&(-",*.($/.*.%-.6(

#%(<0")0&(.-()57(;XWW>A'()/.(:)*.6(,%()**01$-#,%*(,%(&5,:)5(6.3.5,$1.%-(#%(-".(FUKK(

!$.2#)5( 8.$,/-( ,%( N1#**#,%*( !2.%)/#,* 8!8N!A( *-,/+5#%.*7( !#%2.( $/,P.2-#,%*( ,E( 25#1)-.(

2")%&.( 6.$.%6( ".)3#5+( 0$,%( E0-0/.( "01)%( )2-#3#-+'( 25#1)-.(1,6.5*( )/.( /0%( )&)#%*-(

*2.%)/#,*7( G"./.( )/.( \W( 6#EE./.%-( *2.%)/#,*'( .)2"( 1)4#%&( 6#EE./.%-( )**01$-#,%*( E,/(

E0-0/.(&/..%",0*.(&)*($,550-#,%'(5)%6M0*.()%6(,-"./(6/#3#%&(E,/2.*()%6(6#3#6.6(#%-,(*#D(

2)-.&,/#.*T((L=OF'(L=<'(L=G'(LX'(<='()%6(<X7(

(

<0")0&(.-()5( ;XWW>A( -)4.()( *#1#5)/()$$/,)2"()*( -".( FUKK( #%(6.3.5,$#%&( *2.%)/#,*()%6(

-"/..( 4.+( 2)-.&,/#.*( ,E( 3)/#):5.*( 9./.( #6.%-#E#.67( R%.( #*( /.5)-.6( -,( -".( *"#$$#%&(

-/)%*$,/-( 6.1)%6( )%6( 6.$.%6*( ,%( -".( .)/-"r*( $,$05)-#,%'( .2,%,1#2( &/,9-"'(1,6)5(

*"#$*(.-27(L%,-"./(#*(-".(-/)%*$,/-(.EE#2#.%2+(-")-(#*(/.5)-.6(-,(-".(6.*#&%(,E(-".(*"#$*(

)%6(-".(9)+(-".(5)--./()/.(:.#%&(,$./)-.67(O#%)55+'(-".(-"#/6(2)-.&,/+(#*(/.5)-.6(-,(2,*-(

)%6()3)#5):#5#-+(,E(E0.5*7(
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(
O#&7(YM=(T(G/)P.2-,/#.*(,E(.1#**#,%*(E/,1(#%-./%)-#,%)5(*"#$$#%&(M(!,0/2.T(<0")0&(.-()57(;XWW>A(

K,501%*(,%(-".(/#&"-M")%6(*#6.(#%6#2)-.(-".(/)%&.(,E(/.*05-*(9#-"#%(#%6#3#60)5(*2.%)/#,(E)1#5#.*(

(

<+(2)/.E055+(*-06+#%&((O#&7YM=(-".(/.)6./(1)+(%,-#2.(-")-(.D-/.1.(0%2./-)#%-#.*(.D#*-(#%(

-".*.( -/)P.2-,/#.*7( l0*-( -"#%4( ):,0-( -".( -/)%*$,/-( 6.1)%6( )%6( -)4.( -".( 2,%-)#%./(

3.**.5*()*()%(.D)1$5.7(G"#*(E5..-(*.&1.%-(#*(.D-/.1.5+(#%-./.*-#%&(*#%2.(60/#%&(-".($)*-(

XW(+.)/*'(2,%-)#%./(-/)%*$,/-(")*(&/,9%(%.)/5+(=W�()%%0)55+7((O0/-"./1,/.'()22,/6#%&(

-,( 1,*-( *-06#.*'( 2,%-)#%./*( )/.( -".( -,$( 2)/:,%( 6#,D#6.( .1#--./*'( *..( <0")0&( .-( )57(

;XWW>A( )%6( U*)/)E-#*( )%6( [,%-,3)*( ;XWW>A7( ^,9.3./'( 9.( )55( 9#-%.**.6( )( 6/)1)-#2(

.2,%,1#2(/.2.**#,%(60/#%&(-".(5)*-(-9,(+.)/*7(L*()(/.*05-(-".*.(-,$($,550-./*(")6(-,(*)#5(

)-( 5,9./( *$..6*( )%6( )( :#&( $./2.%-)&.( ,E( -".( 2,%-)#%./( E5..-(9)*( #65.7( L5-",0&"( -".(

1,6.5*($/.6#2-.6(*,1.(#%2/.)*.(,E(-".(.1#**#,%*'(.3.%(#%(-".(*",/-(-./1(-"#*(6#6(%,-(

")$$.%7(_,9(#1)&#%.(9")-(9#55(")$$.%(#E(-".(-/)%*M*#:./#)%(/)#59)+(:.2,1.()(/.)5#-+(#%(

XWVW*()%6(2)//+()(*")/.(,E(-".(2,%-)#%./(-/)EE#2(E/,1(N)*-(L*#)(-,(N0/,$.7(F%()(*#1#5)/(

9)+'( #1)&#%.(-".(2,%*.f0.%2.*( #%(-".(2)*.(9"./.(-".(L/2-#2(*.)(/,0-.(:.-9..%(N)*-(

L*#)()%6(N0/,$.(:.2,1.*(2,11./2#)55+()--/)2-#3.7(G"./.E,/.(9.(2)%%,-(:.(*0/.(,E(-".(

.D)2-(")/1(,E(*"#$$#%&(-,(-".(.%3#/,%1.%-()%6(.3.%(#E(-".(.D)2-()1,0%-(-")-(*"#$$#%&(

.1#-*( )%6(9#55( .1#-( #%( -".( E0-0/.( ( -".( -/0.(.EE.2-(,E( *"#$$#%&( #*(%,-( -")-( -/#3#)5( -,(:.(

.*-#1)-.6()*(9#55(:.(6#*20**.6(#%(-".(%.D-(!.2-#,%7(

(

5.1.3 True Effect from Shipping 
8.&)/6#%&( #%-./%)-#,%)5( *"#$$#%&'( #-( ")*( :..%( )( E)*-( &/,9#%&( *.2-,/( ,E( -".( &5,:)5(

.2,%,1+()%6( #-*(*")/.(,%(-,-)5()%-"/,$,&.%#2(.1#**#,%*(")*( #%2/.)*.6( 5)-.5+(:0-(-".(

%)-0/.(,E(-".(2,%-/#:0-#,%(-,(25#1)-.(2")%&.(#*(2,1$5.D7(F%()66#-#,%(-,(9)/1#%&(:+(KRX(

.1#**#,%*'( *"#$( .1#**#,%*( ,E( *05E0/( 6#,D#6.( ;!RXA( 2)0*.( 2,,5#%&( -"/,0&"( .EE.2-*( ,%(

)-1,*$"./#2($)/-#25.*()%6(25,06*'(9"#5.(%#-/,&.%(,D#6.*(;_R#A(#%2/.)*.(-".(5.3.5*(,E(-".(
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&/..%",0*.(&)*(,S,%.(;RVA()%6(/.602.(-".(a^a(1.-")%.(;K^\A'(2)0*#%&(9)/1#%&()%6(

2,,5#%&'(/.*$.2-#3.5+()%6(-".(/.*05-(#*()(%.-(&5,:)5(1.)%(/)6#)-#3.(E,/2#%&(;8OA(E/,1(-".(

*"#$$#%&(*.2-,/(-")-(#*(20//.%-5+(*-/,%&5+(%.&)-#3.(;N+/#%&(.-()57'XWW>A7(^,9.3./'(60.(-,(

-".(%.9(/.&05)-#,%*(!RX()%6(_R#'(.1#**#,%*(9#55(6.2/.)*.()%6()E-./(YW(+.)/*'(-".(%.-(

&5,:)5( 1.)%( .EE.2-( ,E( 20//.%-( .1#**#,%*( 9#55( :.( 25,*.( -,( S./,( ;N+/#%&( +0& ()?'( XWW>C(
O0&5.*-3.6-(+0&()?'(XWW?C(<0")0&(.-()57'XWW>A7(N+/#%&(.-()57(;XWW>A'()($)$./(2,M)0-",/.6(
:+(*,1.(,E(-".(*)1.()0-",/*(#%3,53.6(#%(.*-#1)-#,%(,E(a^a(#%3.%-,/#.*()%6()5*,(#%(-".(

*.2,%6( FQR( *-06+( ;.7&7( N+/#%&'( K,/:.--( )%6( ( N%6/.*.%A( *-)-.( -")-( #%( XWWY( -".( -,-)5(

/)6#)-#3.(E,/2.(E/,1(*"#$$#%&(.EE.2-(1.)*0/.6(#%(ge1
X(
9)*(MW7\W?'(9"#2"(1.)%*(-")-(

20//.%-5+(*"#$$#%&(2)0*.*(#%6..6(2,,5#%&7(

(
O#&7(YMX(T(!"#$$#%&(M!,0/2.T(N+/#%&(.-()57;XWW>A(

(

5.2 Emissions-related Environmental Policies in Shipping 
R%.( 2,056( &,( #%-,( 1,/.( 6..$( ,%( .3./+( ,%.( ,E( -".( 0%2./-)#%-#.*( 6.*2/#:.6( ):,3.'(

",9.3./'(-".(*2,$.(,E(-"#*($)$./(#*(-,()5)/1(-".(/.)6./()%6(%,-(E,20*(-,,(102"(,%(-".(

0%2./-)#%-#.*7( F%( )%+( 2)*.'( K5#1)-.( K")%&.( ")*( :.2,1.( )( 6#*$0-.( )%6( -"./.( .D#*-(

6#3./&.%-(,$#%#,%*7(G"./.( #*()5*,()( 5)/&.(%01:./(,E($.,$5.( -")-()/.(*-#55(0%2,%3#%2.6(

-")-( 1)%( #*( -,( :5)1.( E,/( 25#1)-.( 2")%&.7( R%( -".( ,-"./( ")%6'( -".( 0%2./-)#%-#.*(

6.*2/#:.6( ):,3.( *",056( %,-( )( /.)*,%( E,/( #%)2-#,%7( G"#*( #*( #%( 5#%.( 9#-"( -".( *,M2)55.6(

HU/.2)0-#,%)/+(U/#%2#$5.I()*(.D$/.**.6(#%(U/#%2#$5.(=Y(,E(-".(8#,(B.25)/)-#,%()%6(L/-#25.(

V( ,E( -".( b_( O/)1.9,/4( K,%3.%-#,%( ,%( K5#1)-.( K")%&.( ;b_OKKKA7( L/-#25.( V( ,E( -".(

b_OKKK( $/,3#6.*( ".%2.T( 6W@+& A(201+/& /@$9)*& 0(3+& A2+8(901$%(2:& C+(/92+/& 0$&
(%0181A(0+.&A2+=+%0&$2&C1%1C1,+&0@+&8(9/+/&$7&8)1C(0+&8@(%5+&(%*&C1015(0+&10/&(*=+2/+&
+77+80/?&T@+2+&0@+2+&(2+&0@2+(0/&$7&/+21$9/&$2&122+=+2/1;)+&*(C(5+.&)(83&$7&79))&/81+%01718&
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2+/+(28@& /@$9)*& %$0& ;+& 9/+*& (/& (& 2+(/$%& 7$2& A$/0A$%1%5& /98@&C+(/92+/.& 0(31%5& 1%0$&
(88$9%0&0@+&A$)181+/&(%*&C+(/92+/&0$&*+()&E10@&8)1C(0+&8@(%5+&/@$9)*&;+&8$/0R+77+801=+&
/$&(/&0$&+%/92+&5)$;()&;+%+710/&(0&0@+&)$E+/0&A$//1;)+&8$/0>&;b_OKKK'=>>`A7(
(

b%6./( -"#*( $/.**0/.'( FQR(")*( :..%( 2,%*#6./#%&( )( 5,-( ,E( $,**#:5.(1.)*0/.*( #%2506#%&(

,$./)-#,%)5'(-.2"%#2)5()%6(1)/4.-M:)*.6(,$-#,%*7(O/,1(-".(.%3#/,%1.%-)5(.2,%,1#2*I(

$,#%-(,E( 3#.9'()*( -".(!-./%( /.3#.9(*-)-.*'( 25#1)-.(2")%&.( #*( -".(&/.)-.*-()%6(9#6.*-M

/)%&#%&( 1)/4.-( E)#50/.( .3./( *..%'( $/.*.%-#%&( )( 0%#f0.( 2")55.%&.( E,/( .2,%,1#2*7(

g#-",0-(.%-./#%&( #%-,(6.-)#5'(1)/4.-*(1)+(E)#5( -,()2"#.3.(-".(,$-#1)5(,0-2,1.(9".%(

)%(.D-./%)5#-+(.D#*-*'( -")-( #*(9".%( -".()2-#,%*(,E( )( E#/1( #1$)2-(,%( -",*.(%,-(6#/.2-5+(

#%3,53.67( G")-( #*( .D)2-5+(9")-(")$$.%*( #%( -".( 2)*.(,E( )#/($,550-#,%7( F%(.%3#/,%1.%-)5(

$,5#2+M1)4#%&'($,5#2#.*()/.(,E-.%(25)**#E#.6(#%(1)/4.-M:)*.6'(2,11)%6M)%6M2,%-/,5()%6(

3,50%-)/+( #%*-/01.%-*7( G"./.( )/.( 1)%+( $,**#:5.( 9)+*( -,( #%-./%)5#S.( -".( 2,*-( ,E(

.D-./%)5#-#.*()22,/6#%&(-,(*-)%6)/6(.2,%,1#2(-".,/+7(G".(/,5.(,E(#%2.%-#3.*'(9"#2"(9#55(

:.(:/#.E5+(6#*20**.6(:.5,9'(*02"()*(-)D.*'(-/)6#%&(*2".1.*()%6(2,11)%6M)%6M2,%-/,5(

)/.(,0-(,E(-".(*2,$.(,E(-"#*(9,/4()%6()/.(:.#%&()%)5+S.6(.5*.9"./.7(_,-.(-")-(1,*-(,E(

-".( 1.)*0/.*( 1.%-#,%.6( $/.3#,0*5+( )/.( 20//.%-5+( :.#%&( 6#*20**.6( )-( -".( Q)/#%.(

N%3#/,%1.%-(U/,-.2-#,%(K,11#--..(;QNUKA(,E(-".(FQR7(

(

5.2.1 Emission Standards 
G"./.()/.(-"/..(1)#%(-+$.*(,E(*-)%6)/6*T()1:#.%-'(-.2"%,5,&+()%6(.1#**#,%7( F%(:/#.E'(

)1:#.%-(*-)%6)/6*()/.(.%3#/,%1.%-)5(f0)5#-+(5.3.5*(#%(-".()1:#.%-(.%3#/,%1.%-'(*02"(

)*()(2#-+(,/()($,/-'()%6()/.(0*0)55+(.D$/.**.6()*()3./)&.(2,%2.%-/)-#,%(5.3.5(,3./(*,1.(

$./#,6(,E( -#1.7(R%( -".(,-"./(")%6'( -.2"%,5,&+(*-)%6)/6*(*$.2#E+( -".( -.2"%,5,&#.*(,/(

-.2"%#f0.*( -")-( *",056( :.( )6,$-.6( )%6( 6,( %,-( *$.2#E+( *,1.( .%6( /.*05-'( *02"( )*( )(

-"/.*",56( 5.3.5( ;O#.56( )%6( O#.56'( XWW>A7( O,/( .D)1$5.'( -".( /.f0#/.1.%-( -")-( )55( *"#$*(

*",056( :.( .f0#$$.6( 9#-"( *2/0::./*( #%( ,/6./( -,( 5,9./( *05E0/( 6#,D#6.( .1#**#,%*( #*( )(

-.2"%,5,&+( *-)%6)/67( O0/-"./1,/.'( -".( /.&05)-,/(1)+( *$.2#E+( ,$./)-#,%)5(1.)*0/.*'(

*02"()*()(1)%6)-,/+(*$..6(/.602-#,%(1.)*0/.7(G".(-"#/6(-+$.(,E(*-)%6)/6*()/.(-".(*,M

2)55.6( .1#**#,%( *-)%6)/6*( ;,/( $./E,/1)%2.( *-)%6)/6*A( )%6( /.&05)-.( -".( 5.3.5( ,E(

.1#**#,%*()55,9.67((

 
N1#**#,%*(*-)%6)/6*()/.(-".(1,*-($,$05)/()$$/,)2"(-,(2,%-/,5(.%3#/,%1.%-)5($,550-#,%(

)%6( )/.( 20//.%-5+( :.#%&( 0*.6( :+( -".( FQR( -,( 2,%-/,5( _RD( )%6( !RD( .1#**#,%*7( FQR(

$,550-#,%( /05.*( )/.( 2,%-)#%.6( #%( -".( nF%-./%)-#,%)5( K,%3.%-#,%( ,%( -".( U/.3.%-#,%( ,E(

U,550-#,%(E/,1(!"#$*o'(4%,9%()*(QL8URZ(`Ve`?7(F%(=>>`'(-".(QL8URZ(K,%3.%-#,%(")*(

:..%( )1.%6.6( -,( #%2506.( L%%.D( JF( -#-5.6( n8.&05)-#,%*( E,/( -".( U/.3.%-#,%( ,E( L#/(
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U,550-#,%(E/,1(!"#$*o(9"#2"(*.-*(5#1#-*(,%(_RD()%6(!RD(.1#**#,%*(E/,1(*"#$(.D")0*-*(

;FQR'(XWW?2A7((

 
NEE.2-#3.( #%( l05+( ,E( XWWY'(QL8URZ(L%%.D(JF( ;8.&05)-#,%( =VA( *.-( 5#1#-*( ;#%( &e4g"A( ,%(

.1#**#,%*(,E(%#-/,&.%(,D#6.*(;_RDA(E/,1(6#.*.5(.%&#%.*(-")-()/.(,3./(=VW(4g7((G".(_RD(

.1#**#,%(5#1#-*(6.$.%6(,%(-".(.%&#%.(1)D#101(,$./)-#%&(*$..67(b%6./(-"#*(/05.'(-".(

*"#$,9%./( )%6'( 05-#1)-.5+'( -".( .%&#%.( 1)%0E)2-0/./( )/.( /.f0#/.6( -,( $/,3#6.(

2./-#E#2)-#,%(-")-(-".(.%&#%.(1..-*(-".(FQR(_RD(G.2"%#2)5(K,6.(9".%(6.5#3./.6(-,(-".(

3.**.5(;FQR'(XWW?2A7(((

(

G".(QL8URZ(L%%.D(JF( ;8.&05)-#,%(=\A(2,%-/,5*()$$5+(-,(!RD(.1#**#,%*()%6( #%2506.()(

&5,:)5(2)$(,E(\7Y�(,%(-".(*05$"0/(2,%-.%-(,E(E0.5(,#57( ( (L55( E0.5(,#5*(E,/(0*.(,%:,)/6()(

3.**.5( 2,3./.6( :+( -"#*( )%%.D(9#55( %..6( -,( :.( ,/6./.6'( )%6( 3./#E#.6( E/,1( -".( :0%4./(

/.2.#$-(,%(6.5#3./+'()*(")3#%&()(1)D#101(*05$"0/(2,%-.%-(,E(\7Y�(1e17(O0/-"./1,/.'(

!RD(N1#**#,%(K,%-/,5(L/.)*( ;!NKL*A(9./.(.*-):5#*".6( #%( -".(<)5-#2( )%6(_,/-"./%( !.)(

9#-"(1,/.( *-/#%&.%-( 2,%-/,5*( ,%( *05$"0/( .1#**#,%*7( L( %.9( .1#**#,%*( 2,%-/,5( )/.)( #%(

_,/-"( L1./#2)( 9#55( :.2,1.( .EE.2-#3.( #%( L0&0*-( XW=X7( ( F%( -".*.( )/.)*'( -".( *05$"0/(

2,%-.%-(,E(E0.5(,#5(0*.6(,%:,)/6(*"#$*(*",056(%,-(.D2..6(=7Y�7((G".()5-./%)-#3.(#*(-")-(

*"#$*(10*-(E#-()%(.D")0*-(&)*(25.)%#%&(*+*-.1(,/(0*.()%+(,-"./(-.2"%,5,&#2)5(1.-",6(-,(

5#1#-(!RD(.1#**#,%*(-,(5.**(,/(.f0)5(-,(@(&e4g"(;FQR'(XWW?2A7(

(

U./E,/1)%2.( *-)%6)/6*( /.&)/6#%&( 2)/:,%( 6#,D#6.( .1#**#,%*( )/.( )5*,( 20//.%-5+( 0%6./(

6#*20**#,%( )-( -".( FQR()%6(9#55( :.( :/#.E5+( )%)5+S.6( #%( -".( E,55,9#%&( $)/)&/)$"*7( ( G".(

FQRr*(N%./&+(NEE#2#.%2+(B.*#&%(F%6.D(;NNBFA'(#%(2,%P0%2-#,%(9#-"((-".(N%./&+(NEE#2#.%2+(

R$./)-#,%)5( F%6#2)-,/( ;NNRFA( 9./.( 6.*#&%.6( *,( )*( -,( ".5$( *"#$$#%&( )2"#.3.( E0.5(

.EE#2#.%2+( )%6( 2,%*.f0.%-5+( )( /.602-#,%( #%( a^a( .1#**#,%*7( ^,9.3./'( -".( .D-.%-( -,(

9"#2"(-"#*(9#55(:.(-/05+()2"#.3.6(#*(*0:P.2-(-,(2,%*#6./):5.(6.:)-.7(

&
N%./&+(NEE#2#.%2+(B.*#&%(F%6.D(;NNBFA(

QNUK( Y?( 6#*20**.6( -".( 0*.( ,E( -".( 6/)E-( F%-./#1(a0#6.5#%.*( ,%( -".( N%./&+( NEE#2#.%2+(

B.*#&%(F%6.D(E,/(%.9(*"#$*(;FQR'(XWW?:A(E,/(2)5205)-#,%()%6(-/#)5($0/$,*.*(9#-"()(3#.9(

-,( E0/-"./( /.E#%.1.%-( )%6( #1$/,3.1.%-7( G".( ,/#&#%)5( ,:P.2-#3.( 9)*( -,( .*-):5#*"( )(

1)%6)-,/+(N%./&+(NEE#2#.%2+(B.*#&%( F%6.D(,E( -".(.%3#/,%1.%-)5($./E,/1)%2.(,E(%.9(

*"#$*(9#-"#%(XW=W(,/(XW==7(L-(-".(@X
%6
(*.**#,%(,E(FQRI*(Q)/#%.(N%3#/,%1.%-(U/,-.2-#,%(

K,11#--..( ;QNUK( @X'( l05+( XW==A'( )%6( )E-./( E#./2.( /.*#*-)%2.( E/,1( 6.3.5,$#%&(

2,0%-/#.*'(-".(FQR(6.2#6.6(-,()6,$-(-".(NNBF()*(1)%6)-,/+(1.)*0/.(-,(/.602.(a^a*(

E/,1(*"#$*(;FQR'(XW==A7(

(
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G".()--)#%.6(%.9(*"#$(N%./&+(NEE#2#.%2+(B.*#&%(F%6.D(#*()(1.)*0/.(,E(*"#$*(KRX(

.EE#2#.%2+()%6(#*(6.E#%.6()*(E,55,9*T(

(

(

(

G".( #%6.D( *..1*( 2,1$5#2)-.6'( :0-( :)*#2( #6.)( #*( -")-( -".( %01./)-,/( #%6#2)-.*( KRX(

.1#**#,%( E/,1( 1)#%( )%6( )0D#5#)/+( .%&#%.*( 9#-"( )( 6.602-#,%( E/,1( .%./&+( /.2,3./+(

*+*-.1*(-")-( #1$/,3.( E0.5(.EE#2#.%2+()%6(-".(6.%,1#%)-,/( #*(:)*.6(,%( -".(1)D#101(

6.*#&%(5,)6(2,%6#-#,%(;K)$)2#-+A()%6(-".(6.*#&%(*$..6(;J/.EA7(

(

F%( -".( 2)*.( ,E( )(1)%6)-,/+( NNBF( )( :)*.5#%.(9#55( :.( 0*.6( )*( )( 5#1#-( E,/( %.9( 6.*#&%*7(

a#3.%( -")-( -".( 1,*-( ,:3#,0*( 9)+( -,( )EE.2-( NNBF( 3)50.*( #*( -,( /.602.( #%*-)55.6( 1)#%(

.%&#%.($,9./()%6( -"0*( /.602.(6.*#&%( *$..6'(NNBF($/,:):5+(1.)%*()($,9./( 5#1#-( E,/(

%.9(*"#$*7((

(

O0/-"./1,/.'(6.E#2#.%2#.*(#%(-".(E,/105)(E,/(-".(NNBF(:)*.5#%.(9./.()5*,(#6.%-#E#.6(#%()(

*0:1#**#,%( -,( -".( FQR(:+(a/..2.( ;FQR'( XW=W6A( )%6(9)+*(,%(",9( -,( )55.3#)-.( -".*.(

6.E#2#.%2#.*(9./.($/,$,*.67(L%(#1$,/-)%-(2)3.)-(2,%2./%*(-".(*$..6(6)-)(-")-(#*(0*.6(

#%(-".(/.&/.**#,%*7(G,(-".(.D-.%-(-")-(*"#$(*$..6*()/.(6/)9%(E/,1(6)-):)*.*'(2)0-#,%(#*(

%.2.**)/+(,%(",9( -".+()/.(,:-)#%.6'(",9( -".+()/.(0*.6()%6(",9( -".( /.*05-*(,E( -".(

/.&/.**#,%( 20/3.*( )/.( #%-./$/.-.67( O0/-"./1,/.'(9")-.3./( -".( /.&/.**#,%( E,/105)( #*'(

")5E(,E( -".(*)1$5.(*"#$*'(")3.()%(NNBF():,3.(-".(:)*.5#%.(9"#2"( #%()%6(,E( #-*.5E'( #*()(

$/,:5.17(G".()0-",/*(:.5#.3.(-")-(-"./.(#*()(*./#,0*($"+*#2)5(#%2,%*#*-.%2+(:.-9..%(;)A(

-".( NNBF( E,/105)( )%6( ;:A( -".( E,/105)( E,/( -".( NNBF( :)*.5#%.( ;-".( *,M2)55.6( NNBF(

H/.E./.%2.( 5#%.IA7( F%( ;)A'( )%6( )**01#%&( -")-( *"#$( .%&#%.(QK8( &/,9*( 5#4.( -".( 20:.( ,E(

*$..6'(NNBF(&/,9*(5#4.(*$..6(*f0)/.67(F%(;:A'(*$..6(6,.*(%,-(.%-./(-".(E,/105)()-()557(

G"#*(2,1:#%)-#,%(#*(-)%-)1,0%-(-,()(*$..6(5#1#-'()%6(-")-(-"#*(*$..6(5#1#-(2)%(,E-.%(:.(

:.5,9(-".(20//.%-(,$./)-#%&(*$..6*(,E(*.3./)5(25)**.*(,E(*"#$*7((

(

O#%)55+'(B.3)%%.+(;XW=WA(*-)-.*(-")-(NNBF((#%602.*(,9%./*(-,(0*.(*1)55./(:,/.'("#&"./(

8UQ(.%&#%.*(9"#2"(9#55( 2,%*01.(1,/.( E0.5(9".%( -".(1)/4.-( #*( %,-( #%( )( :,,1( )%6(

*"#$*( ")3.( -,( *)#5( )-( *5,9./( *$..6*7( F%( )%+( 2)*.'( NNBF( #*( -,( :.( )$$5#.6( ,%5+( ,%( %.9(

6.*#&%*()%6(#-*($,-.%-#)5(-,(/.602.(20//.%-(.1#**#,%*(#*(5#1#-.67(

(

(

(

(
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N%./&+(NEE#2#.%2+(R$./)-#,%)5(F%6#2)-,/(;NNRFA(

G".( NNRF( ;FQR'( XWW?:A( ( #*( 6.E#%.6( )*( -".( KRX( .EE#2#.%2+( ,E( *"#$*( #%( -./1*( ,E( KRX(

.1#**#,%*($./(0%#-(-/)%*$,/-(9,/4()%6(1)+(:.(.D$/.**.6()*T(

((((((((((((((((((((((((((((((((((((((((((((((((((((((((

i Fi
i

cargo

FC C
EEOI

m D

!
=

!

"
(((((((((( ( (((((;XA( (

9"./.( OK( #*( -".( E0.5( 2,%*01$-#,%'( K( -".( .1#**#,%( E)2-,/( -")-( 2,%3./-*( E0.5(

2,%*01$-#,%(-,(1)**(,E(KRX(.1#**#,%*'(1(-".(2)/&,(-/)%*$,/-.6()%6(B(-".(6#*-)%2.7(

G".( #%6#2)-,/( #*( -"./.E,/.( 6.E#%.6( )*( -".( /)-#,( ,E( 1)**( KRX( .1#--.6( $./( 0%#-( ,E(

-/)%*$,/-)-#,%(9,/4'()%6(-"#*(#1$5#.*(.%./&+(.EE#2#.%2+(,E()(*"#$(#%(,$./)-#,%7((

(

G".( NNRF( #*( 20//.%-5+( 3,50%-)/+( )%6( 2)%( 1.)*0/.( -".( KRX( .EE#2#.%2+( :)*.6( ,%( #-*(

,$./)-#,%)5($/,E#5.7(R%(-".(,-"./(")%6'(NNBF(#*(0%6./(6.3.5,$1.%-(9#-"(-".(,:P.2-#3.(

-,()//#3.(-,()(1)%6)-,/+(#%6.D(E,/(%.9(6.*#&%*7(F%($/)2-#2.(-"#*(2,056()5*,(:.()$$5#.6(-,(

20//.%-( *"#$*( :0-( #-(9,056( -".%( :.( *,1.",9( *#1#5)/( -,( -".( NNRF7( L2-0)55+'( NNBF( )%6(

NNRF(E,55,9(-".(*)1.($/#%2#$5.'(-")-(#*(:,-"(#%6#2.*(.D$/.**(-".(/)-#,(:.-9..%(-".(2,*-(

;#7.(.1#**#,%*A()%6(-".(:.%.E#-*(-")-(#*(&.%./)-.6(;<0")0&(.-()57'(XWW>A7(

(

NNRF()*()($./E,/1)%2.( #%6#2)-,/( #*( #%-.%6.6()*(-,,5( E,/(.3)50)-#%&(-".(.%3#/,%1.%-)5(

.EE#2#.%2+(,E()(*"#$(,/()(E5..-()%6(#-(9,056()55,9()(2,1$)%+(-,(9,/4(,0-(-/.%6*(/.5)-#3.(

-,(-".(.EE#2#.%2+(,E( #-*( E5..-()%6(-"0*(%,-(,%5+(-,()2"#.3.(.1#**#,%(/.602-#,%(:0-()5*,(

/.602-#,%*( #%( E0.5( 2,*-*( ]( -")-( #*( -".( 6,0:5.( 6#3#6.%6( E,/( )( *"#$$#%&( 2,1$)%+(9".%(

/.602#%&( E0.5( 2,%*01$-#,%7(_,-.( -")-()(1)%6)-,/+(NNRF(")*(:..%(6#*20**.6( #%(XWW?(

:0-(-"./.(#*(*-#55(%,-(.%,0&"(*0$$,/-(E/,1(Q.1:./M!-)-.*7((F%(-".(2)*.(,E()(1)%6)-,/+(

NNRF'(-".(1,*-(.EE.2-#3.(9)+*(-,(/.602.(-".(#%6.D(#*(-,(*-.)1()-()(5,9./(*$..6(,/(5#1#-(

-".(2)/&,(-")-(-".(3.**.5*()/.(2)//+#%&7(G".*.()/.(-".(.)*+(*,50-#,%*(:0-(-"#*(6,.*(%,-(

1.)%(-")-(-".*.()/.(-".(2,//.2-(,%.*7(

5.2.2 Market Based Measures 
L*(/.&)/6*(Q<Q*'(-".(6#*20**#,%(,E(9"#2"(#*(.D$.2-.6(-,(2,%-#%0.()-(-".(FQR(#%(XW=X'(

#%(,0/(,$#%#,%(-9,(1)P,/(25)**.*(,E($/,$,*)5*()/.()-(-".(1,1.%-(-".(1,*-(#%-./.*-#%&T(

-",*.(:)*.6(,%()(2)/:,%(H-)DI()%6(-",*.(:)*.6(,%()(-/)6#%&(*2".1.7(

(

G".($/,$,*)5(,E()(2)/:,%(-)D(,/#&#%)-.6( #%()(*0:1#**#,%(-,(-".( FQR(:+(B.%1)/4()%6(

5)-./(*0$$,/-.6(:+()(*0:1#**#,%(:+(K+$/0*'(B.%1)/4'(-".(Q)/*")55(F*5)%6*'(_#&./#)()%6(

-".( F%-./%)-#,%)5(U)/2.5(G)%4./(L**,2#)-#,%( ;FQR'(XW=WA7(N3.%( -",0&"( -".(*0:1#--./*(

)3,#6( -".( 9,/6( H-)DI( ,/( .3.%( H5.3+I( )%6( 0*.( -".( ( %)1.*( ( H#%-./%)-#,%)5( a^a( E0%6(

*2".1.I(,/( H2,%-/#:0-#,%I( )*( /.&)/6*(9")-( #*( $)#6'( -".( *2".1.( #*( .**.%-#)55+( )( -)D(,%(

:0%4./(E0.5'($)#6(E,/(:+(-".($)/-+(:0+#%&(-".(E0.57(G9,(*2".1.*()/.(.%3#*6)&.6'(,%.(#%(

9"#2"(-".(-)D(#*(2,55.2-.6()-(-".(E0.5(*0$$5#./(5.3.5()%6(,%.(#%(9"#2"(-"#*(#*(6,%.()-(-".(

*"#$(5.3.57(L55(*"#$*(,E(&/,**(-,%%)&.(;aGA():,3.(\WW(aG(.%&)&.6(#%(#%-./%)-#,%)5(-/)6.(
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)/.( .%3#*)&.6( -,( *0:P.2-( -,( -"#*( Q<Q7( Q,%#.*( 2,55.2-.6( 9,056( :.( )55,2)-.6( E,/(

$0/$,*.*(2,%*#*-.%-(9#-"(-".(,:P.2-#3.*(,E(-".(b_OKKK'(*02"()*(-,(*0$$,/-(1#-#&)-#,%(

)%6()6)$-#,%()2-#3#-#.*(#%(6.3.5,$#%&(2,0%-/#.*()%6(-,(E#%)%2.(8tB($/,P.2-*(,%(.%./&+(

.EE#2#.%2+(,E(*"#$*7((

(

G".($/,$,*./*()/&0.(-")-(-".((FQR(6,.*(")3.(.D$./#.%2.(#%(*.--#%&(0$(O0%6*(*#1#5)/(-,(

-".():,3.C(*..(E,/(.D)1$5.(-".(F%-./%)-#,%)5(R#5(U,550-#,%(K,1$.%*)-#,%(O0%6'()(E0%6(

-")-(2,1$.%*)-.*(6)1)&.*(E/,1(,#5(*$#55*(2)0*.6(:+(-)%4./*7( (G".( #1$5.1.%-)-#,%(,E(

-".( *+*-.1( )5*,( 5,,4*( *-/)#&"-E,/9)/6'( )*( -"./.( #*( )5/.)6+( )( /.&05)-#,%( E,/( -".( E0.5(

*0$$5#./*(-,(1)#%-)#%(/.2,/6*(,E(:0%4./*(*,567(O0/-"./1,/.'()22,/6#%&(-,(L%%.D(JF(,E(

QL8URZ( ;F%-./%)-#,%)5( K,%3.%-#,%( E,/( -".( U/.3.%-#,%( ,E( U,550-#,%( O/,1( !"#$*A'( )55(

*"#$*(,3./(\WW(,E(&/,**(/.&#*-./.6(-,%%)&.(;a8GA()/.(/.f0#/.6(-,(4..$(6.-)#5*(,E(E0.5(,#5(

6.5#3./.6( ,%( :,)/6( E,/( 2,1:0*-#,%( $0/$,*.*( :+( 1.)%*( ,E( )( H:0%4./( 6.5#3./+( %,-.I(

9"#2"( *",056(:.( /.-)#%.6(,%(:,)/6( E,/( -"/..(+.)/*()E-./( -".(6)+(,E(6.5#3./+7(L1,%&(

,-"./(6.-)#5*'(-".(*05$"0/(2,%-.%-(,E(-".(E0.5(#*(/.2,/6.6'()*($)/-(,E(-".(!RD(.1#**#,%*(

/.&05)-#,%*7(

(

R%(-".(,-"./(")%6'(-"./.()/.(*,1.(4.+($,#%-*(-")-(")3.(-,(:.(5,,4.6()-(3./+(2)/.E055+7(

O#/*-( ,E( )55'( )( 1,/.( 6.-)#5.6( /.&05)-#,%( ")*( -,( :.( 6.3.5,$.6( #%( ,/6./( -,( :.( ):5.( -,(

#6.%-#E+(*"#$*( -")-()/.(.%&)&.6( #%( #%-./%)-#,%)5( -/)6.7(L5-",0&"( #-(9,056(:.(&,,6( E,/(

-".(.%3#/,%1.%-(-,(#1$,*.()(-)D(,%(.3./+(*"#$'(-"#*(1)+(:.(-,,(201:./*,1.(E/,1()%(

)61#%#*-/)-#3.(3#.9$,#%-7( !.2,%65+'()(4.+(.5.1.%-( E,/( -".( *022.**(,E( -"#*($/,$,*)5( #*(

-")-(*"#$*(10*-(:0+(E0.5()-(/.&#*-./.6(E0.5(*0$$5#./*(,%5+()%6(-"./.E,/.(Q.1:./M!-)-.*(

*",056( /.f0#/.( -")-()55( E0.5( *0$$5#./*(9#-"#%( -".#/( -.//#-,/+(:.2,1.(/.&#*-./( *0$$5#./*7(

!"#$(,$./)-,/*(*",056()5*,(:.(/.f0#/.6(-,($0/2")*.(E0.5(,%5+(E/,1(-".*.(*0$$5#./*7( (L(

1)P,/()63)%-)&.(,E(-"#*(Q<Q(#*($/#2.(2./-)#%-+'(9"#2"(#*(#1$,/-)%-(E,/(#%3.*-,/*'()%6(

)61#%#*-/)-#3.( *#1$5#2#-+'( )-( 5.)*-( )*( 2,1$)/.6( -,( )%( NG!7( L( $,**#:5.( 6/)9:)24( #*(

0%2./-)#%-+( #%( -".()1,0%-(,E(a^a*( -")-(9,056(:.( /.602.67( G".( *.2,%6(1)P,/(Q<Q(

2)-.&,/+(2,1.*(0%6./(-".(5):.5(,E(.1#**#,%*(-/)6#%&(*2".1.*(;NG!A7(((G".(E#/*-($/,$,*)5(

-,(-".(FQR(E,/()(-/)6#%&(*2".1.()$$.)/.6(#%()(6,201.%-(*0:1#--.6(:+(_,/9)+(;FQR'(

XWW?)C(XW=W)A7(Z)-./'(*0:1#**#,%*(,E(a./1)%+'(O/)%2.()%6(_,/9)+(;FQR'(XWW>A()%6(,E(

b%#-.6([#%&6,1(;FQR'(XW=W:A()5*,(*0$$,/-.6(-"#*(*2".1.7(N1#**#,%(/.602-#,%*(2)%(:.(

)2"#.3.6(:+(*.--#%&()(2)$(,%(.1#**#,%*(E/,1(#%-./%)-#,%)5(*"#$$#%&'()%6(-".%()55,9#%&(

-/)6#%&(,E(.1#**#,%()55,9)%2.*(*,(-")-(-".(-)/&.-(2,056(:.(1.-7(!"#$*(9#55(-".%(%..6(-,(

*0//.%6./( $0/2")*.6( )55,9)%2.*( E,/( -".( .1#**#,%*( -".+( $/,602.( :+( )2f0#/#%&(

)55,9)%2.*( )%6( 2/.6#-*( E/,1(9#-"#%( -".( *.2-,/( ,/( :0+( -".1( E/,1( ,-"./( *.2-,/*7( G".(

)55,9)%2.*( 2,056( :.( 6#*-/#:0-.6( :+( E/..( )55,2)-#,%( ,/( )02-#,%#%&7( L02-#,%#%&( #*(

*0&&.*-.6(60.(-,(-".(2,1$5.D#-#.*(,E(E/..()55,2)-#,%(#%(-".(*"#$$#%&(*.2-,/()%6(60.(-,(

-".(.D$./#.%2.*(1)6.(#%(-".(Nb(NG!(;FQR'(XWW>A7((

(



 
THE ECONOMIC EFFECTS OF GHG EMISSIONS 

134 

G".( .*-):5#*"1.%-( ,E( )( 2)$( )%6( -)/&.-( $./#,6*( )/.( ( 2/02#)5( ;FQR'( XWW?C( XW=W2A7( G".(

5)--./( *-)-.*( -")-(60@+& 8922+%0& )(83&$7& 2+)1(;)+&;9%3+2& 79+)& /()+/& /0(01/018/&%++*/& 0$&;+&
/$)=+*>7(L%6(#-(2,%-#%0.*(n$%+&E(:&$7&(8B9121%5&0@+&*(0(&%++*+*&7$2&/+001%5&(&8(A&8$9)*&
C(3+& ())& /@1A/& A2+/+%0& +C1//1$%& 2+A$20/& 7$2& (& A+21$*& $7& /+=+2()& :+(2/& ;+7$2+& 0@+&
1%02$*9801$%&$7&0@+&/:/0+C>?(G"#*(#*():*,50-.5+(2,//.2-(#%(,/6./(-,(")3.()(E.)*#:5.(NG!(#%(
*"#$$#%&'(1.)%#%&(-")-(#1$5.1.%-)-#,%(,E(*02"()(*2".1.(9,056(:.(6.5)+.67(

(

F%( )66#-#,%'( 0%6./( )( -/)6#%&( *2".1.'( $/#2.( 2./-)#%-+( 6,.*( %,-( .D#*-7( <+( 6.E#%#-#,%( )(

*2".1.(9#55(6/#3.(-".($/#2.(,E($./1#-*(-,(9")-.3./(5.3.5(#*(/.f0#/.6(-,(:/#%&(.1#**#,%*(

0%6./(#-*(2)$7(G"#*(#%2/.)*.6(3,5)-#5#-+(-")-(#*(.3#6.%-(#%(:,-"(-".(b!()2#6(/)#%($/,&/)1(

)%6( Nb( NG!( 2)%( *./#,0*5+( )EE.2-( :0*#%.**( #%3.*-1.%-*7( F%3.*-,/*( ;2,1$)%#.*( )%6(

&,3./%1.%-*A()/.(1)+(E#%6(#-(")/6(-,(1)4.(#%3.*-1.%-(6.2#*#,%*(9".%(E0-0/.(2)/:,%(

$/#2.*( )/.( *,( 0%2./-)#%7( !02"( 0%2./-)#%-#.*( )/.'( :+( 6.E#%#-#,%'( 5,9./( #%( -".( 2)*.( ,E(

2)/:,%(-)D.*(9"./.(-".(-)D(#*()(2,%*-)%-(E#&0/.7(

(

L%,-"./($/,:5.1(#%(*02"()(*2".1.(/.&)/6*()61#%#*-/)-#3.(:0/6.%'($)/-#205)/5+(/.2,/6M

4..$#%&( )%6( 3./#E#2)-#,%( )%6( 1,%#-,/#%&( ,E( -".( .1#**#,%*7( G".( .)*#.*-( 9)+( #*( -".(

/.f0#/.1.%-( -,( /.2,/6( -.2"%#2)5( #%E,/1)-#,%( /.5)-.6( -,( E0.5( 2,%*01$-#,%7( G".*.(

/.2,/6*(*",056(:.(%,-(,%5+(4.$-(E,/(#%*$.2-#,%(:0-()5*,(/.$,/-.6(-,(-".(O5)&(!-)-.(,/(-,(

)%+(,-"./(.%-#-+(-")-(9#55(:.(/.*$,%*#:5.7(G"#*(2,056(:.()&)#%(*,53.6(9#-"(-".(0*.(,E()(

H:0%4./( 6.5#3./+( %,-.I7( O#%)55+'( 9.( *",056( %,-.( -")-( -".( #1$5.1.%-)-#,%'( "#&"(

.%E,/2.1.%-()%6(1,%#-,/#%&(2,*-*(,E(*02"()(9,/56M9#6.(*2".1.(/.f0#/.("#&"./(2,*-*(

-")%(,E(-".(2)*.(,E()(*#1$5.(-)D'(%,-(-,(1.%-#,%(-".(-/)%*)2-#,%(2,*-*7(

(

5.3 Carbon Dioxide Valuation and Definitions 
G"./.( #*( #%6..6( )( $/.**0/.( -,( -".( FQR( -,( )6,$-( 1.)*0/.*( -,( 20/:( 2)/:,%( 6#,D#6.(

.1#**#,%*7(G".*.(1.)*0/.*(*",056(:.():5.(-,(/.602.(.1#**#,%*()-()(5,&#2)5(2,*-(-,(-".(

*,2#.-+'(-"#*(1.)%*(-")-(2,*-(,E(/.&05)-#,%(/.&05)-#,%*(")*(-,(:.(5.**(-")%(-".(:.%.E#-(-,(

-".(*,2#.-+7((G"./.E,/.'(-".(:#&&.*-(2")55.%&.(#*(-,(1,%.-#S.(2)/:,%(6#,D#6.(.1#**#,%*'(

-")-(#*'($0-()(1,%.-)/+(3)50.(-,(-".17(F%(*,1.(#%60*-/#.*(-".*.(3)50.*()/.(*,1.-#1.*(

0*.6(#%(-".(E/)1.9,/4(,E(:/,)6./(2,*-(:.%.E#-()%)5+*#*(-,()**.**(9".-"./()($)/-#205)/(

$,5#2+(#*(.D$.2-.6(-,(#1$/,3.(,/(/.602.(-".(,3./)55(9.5E)/.(,E(*,2#.-+7(G".()%)5+*#*(")*(

-,( -)4.( #%-,( )22,0%-( )55( /.5.3)%-( 2,*-*( )%6( :.%.E#-*( ;#%2506#%&( #1$)2-*( ,%( 25#1)-.(

2")%&.(E/,1()3./-#%&(2)/:,%(6#,D#6.(.1#**#,%*A7((

(

_,-.(-")-(-"/,0&",0-(-"#*($)$./'(/.E./.%2.(-,(H2)/:,%($/#2.I(1.)%*(-".(2,*-($./(0%#-(,E(

2)/:,%(6#,D#6.(.f0#3)5.%-(.1#**#,%*()3,#6.6(,/( /.602.67(K)/:,%(6#,D#6.(.f0#3)5.%-*(

;KRX(.fA($/,3#6.()(*-)%6)/6(,E(1.)*0/.1.%-()&)#%*-(9"#2"(-".(#1$)2-*(,E(/.5.)*#%&(;,/(

)3,#6#%&( -".( /.5.)*.( ,EA( 6#EE./.%-( &/..%",0*.( &)*.*( 2)%( :.( .3)50)-.67( L22,/6#%&( -,(
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FUUK( ;XWW`A( .3./+( &/..%",0*.( &)*( ;a^aA( ")*( )( a5,:)5(g)/1#%&( U,-.%-#)5( ;agUA'( )(

1.)*0/.1.%-(,E( -".( #1$)2-( -")-($)/-#205)/(&)*(")*(,%( r/)6#)-#3.( E,/2#%&rC( -")-( #*'( -".(

)66#-#,%)5(".)-e.%./&+(9"#2"(#*(/.-)#%.6(#%(-".(N)/-"r*(.2,*+*-.1(-"/,0&"(-".()66#-#,%(

,E(-"#*(&)*(-,(-".()-1,*$"./.7((

(

a5,:)5( g)/1#%&( $,-.%-#)5*( E,/( -".( &/..%",0*.( &)*.*( /.&05)-.6( 0%6./( -".( [+,-,(

U/,-,2,5(0%6./()(=WW(+.)/(-#1.E/)1.()/.()*(E,55,9*(T((((

K)/:,%(6#,D#6.(")*()(agU(,E(=((

Q.-")%.(")*()(agU(,E(X=((

_#-/,0*(,D#6.(")*()(agU(,E(V=W((

!05$"0/(^.D)E50,/#6.(")*()(agU(,E(XV7>W((

(

K)/:,%( 6#,D#6.( .1#**#,%*( /.$/.*.%-( )%( .%3#/,%1.%-)5( .D-./%)5#-+( )%6( -".( 3)50.( ,E(

2)/:,%(.1#**#,%*(#*(%,-(.)*#5+(1,%.-#S.67(G".(&/.)-.*-(6#EE#205-+(#%(2)/:,%(3)50)-#,%(#*(

-")-( .%3#/,%1.%-)5( &,,6*( ")3.( %,( $/#2.( *#%2.( -".+( )/.( %,-(1)/4.-):5.7( R%.( ,E( -".(

$,**#:5.( 9)+*( )63,2)-.6( :+( *,1.( 2#/25.*( -,( /.602.( .1#**#,%*( #*( -".( 0*.( ,E( 1)/4.-(

:)*.6(#%*-/01.%-*(*02"()*(2)/:,%(-/)6#%&7(O,/(#%*-)%2.'()%(N1#**#,%*(G/)6#%&(!2".1.(

;NG!A(#*(0*.6(#%(-".(Nb()*()%(#%*-/01.%-(E,/(*.3./)5(#%60*-/#.*7(F%(-")-(*.%*.'()(1)/4.-(#*(

2/.)-.6( 9"./.( 0%#-*( -")-( $./1#-( -".( /#&"-( -,( .1#-( )/.( -/)6.6( )%6( -"./.E,/.( :+(

6.E#%#-#,%(-"#*(2/.)-.*()(1)/4.-($/#2.(9"#2"(2)%(:.(0*.6(#%(2,*-(.EE.2-#3.%.**()%)5+*#*7(

F%( -".( 20//.%-( $)$./(9.( /.3#.9( *2".1.*( ,E( KRX(1)/4.-( $/#2.*( )*( )( $,**#:5.(9)+( -,(

6.-./1#%.(-".(2,*-(.EE.2-#3.%.**(,E(2)/:,%(.1#**#,%*I(/.602-#,%()2-#,%*()%6()*()(9)+(

-,(1.)*0/.(-".(:.%.E#-*(E/,1():)-.1.%-(1.)*0/.*(9"#2"(#*()5*,(.f0)5(-,(-".(6)1)&.(

2,*-( -,( -".( *,2#.-+( E/,1(.1#**#,%*7( O0/-"./1,/.'(9#-"#%( -"#*( $)$./(9.( .502#6)-.( -".(

E/.f0.%-5+(0*.6(6.E#%#-#,%*(,E(H2)/:,%($/#2.I7(

(

L22,/6#%&(-,(-".(F%-./&,3./1.%-)5(U)%.5(,%(K5#1)-.(K")%&.((;*..(FUUK'XWW`A'((K)/:,%(

B#,D#6.(;KRXA(#*((

6(& %(092()):& $889221%5& 5(/.& (%*& (& ;:RA2$*980& $7& ;92%1%5& 7$//1)& 79+)/& $2&
;1$C(//.&$7&)(%*R9/+&8@(%5+/&(%*&$7&1%*9/021()&A2$8+//+/?&F0&1/&0@+&A21%81A()&
(%0@2$A$5+%18&52++%@$9/+&5(/&0@(0&(77+80/&"(20@-/&2(*1(01=+&;()(%8+?&F0&1/&
0@+& 2+7+2+%8+& 5(/& (5(1%/0& E@18@& $0@+2& 52++%@$9/+& 5(/+/& (2+& C+(/92+*&
(%*&0@+2+7$2+&10&@(/&(&g)$;()&T(2C1%5&4$0+%01()&$7&N?> &

(

O0/-"./1,/.'(K)/:,%(U/#2.( #*(6E@(0&@(/&0$&;+&A(1*&K0$&/$C+&A9;)18&(90@$210:&(/&(&0(#&
2(0+.&$2&$%&/$C+&+C1//1$%&A+2C10&+#8@(%5+L&7$2&0@+&+C1//1$%&$7&N&0$%%+&$7&JHP&1%0$&0@+&
(0C$/A@+2+?>&
(

(
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F%(-".(1,6.5*()%6(-".(FUKK(O,0/-"(L**.**1.%-(8.$,/-(;*..(FUKK'XWW`L.&
60@+& 8(2;$%& A218+& 1/& 0@+& /$81()& 8$/0& $7& (=$1*1%5& (%& (**101$%()& 9%10& $7& JHP&
+B91=()+%0&+C1//1$%?&F%&/$C+&C$*+)/&10& 1/&2+A2+/+%0+*&;:&0@+&/@(*$E&A218+&
$7&(%&(**101$%()&9%10&$7&JHP&+C100+*.&1%&$0@+2/&;:&0@+&2(0+&$7&8(2;$%&0(#.&$2&
0@+&A218+&$7&+C1//1$%RA+2C10&())$E(%8+/?&F0&@(/&()/$&;++%&9/+*&1%&0@1/&I+A$20&
(/& (& 890R$77& 2(0+& 7$2& C(251%()& (;(0+C+%0& 8$/0/& 1%& 0@+& (//+//C+%0& $7&
+8$%$C18&C1015(01$%&A$0+%01()/?> &
&

L22,/6#%&( -,( -".( 5#-./)-0/.'( -".(1,*-( #1$,/-)%-(9)+*( -,( $/#2.( 2)/:,%( .1#**#,%*( )/.(

-"/,0&"T(

e*!,2#)5(K,*-(,E(K)/:,%(;!KKA(,/(B)1)&.(K,*-(

É(Q)/&#%)5(L:)-.1.%-(K,*-(,E(K)/:,%(;QLKA(,/(L3,#6)%2.(K,*-'()%6(

É(Q)/4.-(U/#2.*(;.7&(:+(0*#%&(Nb(N1#**#,%*(G/)6#%&(!2".1.(;NG!A(O0-0/.*(U/#2.A(

(

G"#*(%.D-(!.2-#,%(9#55(2,11.%-(,%(-".*.(1.-",6*(#%(,/6./(-,(.502#6)-.(-".(E/.f0.%-5+(

0*.6( 6.E#%#-#,%*7( Q,/.,3./'( 0%5#4.( -".( ,-"./'( 1,/.( -".,/.-#2)5( )$$/,)2".*'( )( 1,/.(

/.)5#*-#2( )$$/,)2"( 9#55( :.( )%)5+S.67( F%( -".( 2)*.( ,E( .%3#/,%1.%-)5( .D-./%)5#-#.*( 9.(

1,*-5+( -)54(,E( %,%M1)/4.-( #1$)2-*( )%6( #%(,/6./( -,(1.)*0/.(.%3#/,%1.%-)5( 6)1)&.*(

.2,%,1#*-*( .#-"./( #%6#/.2-5+( 5#%4( .%3#/,%1.%-)5( /.*,0/2.*( -,( *,1.(1)/4.-( &,,6*( ,/(

.3.%( 2,%*-/02-( )( "+$,-".-#2)5( 1)/4.-( #%( 9"#2"( $.,$5.( )/.( )*4.6( -,( $)+( E,/( -".*.(

/.*,0/2.*7(^,9.3./'(#%(-".(2)*.(,E(2)/:,%(6#,D#6.(.1#**#,%*(-".(.D#*-.%2.(,E()(-/)6#%&(

*2".1.(9#-"#%(-".(N0/,$.)%(b%#,%()55,9*(0*(-,(0*.(-".()2-0)5()1,0%-*(,E(1,%.+(-")-(

2,1$)%#.*($)+7(^,9.3./'(9.(%,-.(-")-(-".(.D2")%&.($/#2.(3)/#.*(,3./(-#1.()%6(1)+(

%,-(:.(-".(,$-#1)5(,%.'(9"#2"(9#55(5.)6(-,(-".(E)#50/.(,E(-"#*(1)/4.-M:)*.6()$$/,)2"7((

5.3.1 The Social Cost of Carbon (SCC) 
!-./%(6.E#%.*(-".(!,2#)5(K,*-(,E(K)/:,%()*()(1.)*0/.(,E(60@+&0$0()&*(C(5+&72$C&%$E&
1%0$&0@+&1%*+71%10+&79092+&$7&+C1001%5&(%&+#02(&9%10&$7&gag-/&%$E>&;!-./%'(XWW`A()%6(-".(
FUKK()*(n0@+&*1/8$9%0+*&C$%+01,+*&/9C&K+?5?&+#A2+//+*&(/&(&A218+&$7&8(2;$%&1%&ek0JHPL&
$7&0@+&(%%9()&%+0&)$//+/&72$C&1CA(80/&02155+2+*&;:&(%&(**101$%()&0$%&$7&8(2;$%&+C100+*&
0$*(:?&Y88$2*1%5&0$&9/(5+&1%&+8$%$C18&0@+$2:.&0@+&/$81()&8$/0&$7&8(2;$%&+/0(;)1/@+/&(%&
+8$%$C18()):& $A01C()& A218+& $7& 8(2;$%& (0& E@18@& 0@+& (//$81(0+*& C(251%()& 8$/0/& $7&
C1015(01$%&E$9)*&+B9()&0@+&C(251%()&;+%+710/&$7&C1015(01$%?>;FUKK'(XWW`A&
&
G,(2)5205)-.(-"#*(6)1)&.(2,*-'(-".()-1,*$"./#2(/.*#6.%2.(-#1.(,E(2)/:,%(6#,D#6.(10*-(

:.(.*-#1)-.6'()5,%&(9#-"()%(.*-#1)-.(,E(-".(#1$)2-*(,E(25#1)-.(2")%&.7(G".(#1$)2-(,E(

-".( .D-/)( -,%%.(10*-( :.( 2,%3./-.6( -,( -".( .f0#3)5.%-( #1$)2-*( )-( -".( -#1.(9".%( -".(

-,%%.(,E(2)/:,%(6#,D#6.(9)*(.1#--.6()%6(-".(#1$)2-*(")3.(-,(:.(6#*2,0%-.6(,3./(-#1.(

;d,".(.-()57'(XWW`A7(&
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L22,/6#%&( -,( -".( F%-./&,3./1.%-)5( U)%.5( ,%(K5#1)-.(K")%&.( ;*..( XWW`( FUKK( /.$,/-A'(

$../M/.3#.9.6(.*-#1)-.*(,E(-".(!KK(E,/(XWWY(")3.()%()3./)&.(3)50.(,E(u=X($./(-,%%.(

KRX(;-KRXA7(F%()66#-#,%'(-".(N0/,$.)%(K,11#**#,%()**01.6()%()3./)&.(2)/:,%($/#2.(,E(

åV>e-KRX(#%(#-*(F1$)2-(L**.**1.%-(,E(-".(l)%0)/+(XWW?(U/,$,*.6(K5#1)-.(K")%&.()%6(

8.%.9):5.( N%./&+( Q.)*0/.*( E/,1( XW=X( -,( XWXW( ;K0/-#%'( XWW?A7( O0/-"./1,/.'( G,5(

;XWW?A( 2,%*#6./.6( X==( .*-#1)-.*( ,E( -".( !KK( #%( )( 1.-)M)%)5+*#*( E/,1( 6)-)( &)-"./.6(

E/,1( )( -,-)5( ,E( \`( *-06#.*( )%6( 2)5205)-.6( )(1.)%( ,E( uX?e-KRX( )%6( u=Ye-KRX( E,/( )55(

.*-#1)-.*( )%6( $../( /.3#.9.6( .*-#1)-.*( /.*$.2-#3.5+7( ( O,/( )( 5#-./)-0/.( /.3#.9( ,E( !KK(

.*-#1)-.6(-".(/.)6./(#*(/.E.//.6(-,(K,1")/(;XWW?A7(

(

G".(9#6.(/)%&.(,E(.*-#1)-.*(#*(.D$5)#%.6(1,*-5+(:+("#&"(0%2./-)#%-#.*(#%(-".(*2#.%2.(,E(

25#1)-.(2")%&.()%6(.*$.2#)55+( #%(-".($,-.%-#)5(2)-)*-/,$"#2( #1$)2-*()**,2#)-.6(9#-"(#-(

)%6(9#-"(6#EE./.%-(2",#2.*(,E(6#*2,0%-(/)-.7(a#3.%(-")-(!KK(61/&0@+&A2+/+%0&*1/8$9%0+*&
=()9+& $7& 0@+& 79092+& /02+(C&$7& 8$/0/& 2+/9)01%5& 72$C& 0$*(:-/& +C1//1$%& $7& (& %+E& 9%10& $7&
8(2;$%.&79092+&8$/0/&(2+&*1/8$9%0+*.&$2&2+*98+*&1%&=()9+>'(-"./.E,/.(#%(&.%./)5(-.%6(-,(
:.(/)-"./(5,97(L*()(/.*05-'(5.**(9.#&"-(#*(&#3.%(-,($,5#2#.*'(9"#2"(1.)%*(-")-(%,(*-/,%&(

)2-#,%*()/.(:.#%&(/.2,11.%6.6'(*..(!")%-,%()%6(L24./1)%(;XWW?A7(

5.3.2 Marginal Abatement Cost (MAC) 
L%,-"./()$$/,)2"(-")-()3,#6*(-".("#&"(0%2./-)#%-#.*()**,2#)-.6(9#-"()**.**#%&(-".(!KK(

#*( -,( )**.**( -".( 2,*-*(,E( )3,#6#%&(.1#**#,%*7( G".*.()/.( )5*,( /.E.//.6( -,( )*( )3,#6)%2.(

2,*-*(,/(1#-#&)-#,%(2,*-*()%6(-".#/(2)5205)-#,%(#*(:)*.6(,%()(2,*-M.EE.2-#3.%.**()%)5+*#*(

-")-( 6.-./1#%.*( -".( 5.)*-( .D$.%*#3.( 2,*-( ,$-#,%( -,( )2"#.3.( )( /.f0#/.6( 5.3.5( ,E(

&/..%",0*.(&)*(.1#**#,%(/.602-#,%7((

(

G".( E#&0/.( :.5,9( $/.*.%-*( )%( .D)1$5.( ,E( )(F-$L;"-B* -E-#/F/"#* (%?#( ;QLKA( 20/3.(

$0:5#*".6( #%()(&5,:)5(*-06+(:+(Q2[#%*.+( #%(XWW`(;N%43#*-(.-()5'(XWW`A7(O#&0/.(=(*",9*(

-".( )%%0)5( ):)-.1.%-( %..6.6( -,( )2"#.3.( *-):5.( )-1,*$"./#2( &/..%",0*.( &)*(

2,%2.%-/)-#,%*( ,E( YWW($$1( ;$)/-*( $./( 1#55#,%A'( \YW($$1( )%6( \WW($$1( ,E( KRXM

.f0#3)5.%-*7( O,/(.D)1$5.'( )(&5,:)5(.1#**#,%*( /.602-#,%(,E(X@(a-,%*(,E(KRX.($./( +.)/(

9,056( *-):#5#S.( &/..%",0*.( &)*( 2,%2.%-/)-#,%*( )-( \YW($$1( ,E( KRXM.f'( )%6( -")-(

/.602-#,%(9,056(%..6()55(-".():)-.1.%-(1.)*0/.*(0$(-,()(2,*-(,E(å\W($./(-,%(,E(KRX.(

F-( #*( 3./+( #%-./.*-#%&( -,( %,-.( -")-( )22,/6#%&( -,( O#&0/.( YMV( -".( 1,*-( 2,*-M.EE.2-#3.(

):)-.1.%-(1.)*0/.(#*(:0#56#%&(#%*05)-#,%7(G"./.()/.(#%6..6(1)%+(1.)*0/.*(-")-(")3.(

)(%.&)-#3.():)-.1.%-(2,*-(]( -")-(1.)%*( -")-( 2)//+(%,(%.-( 5#E.( 2+25.(2,*-'( -".+(2,1.(

E/..( ,E( 2")/&.7( ^,9.3./'( -".( 5,9.*-( 2,*-( 1.)*0/.*( )/.( 1)#%5+( .EE#2#.%-( :0-( 2)%%,-(

6.5#3./(-".(/.f0#/.6(.1#**#,%*(/.602-#,%*(:+(-".1*.53.*7(U,5#2+(1)4#%&(")*(-,(1,3.(0$(

-".(2,*-(20/3.($/,&/.**#3.5+(-,(1,/.(.D$.%*#3.(-.2"%,5,&#.*(#%(,/6./(-,()2"#.3.(*-):5.(

)-1,*$"./#2(&/..%",0*.(&)*(2,%2.%-/)-#,%*7(
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(
O#&7YMVT(K,*-(20/3.(E,/(&/..%",0*.(&)*():)-.1.%-(1.)*0/.*7((!,0/2.T(N%43#*-(.-()57'(XWW`(

(

(

F%( )( *#1#5)/( 9)+'( 1)/&#%)5( ):)-.1.%-( 2,*-*( ")3.( :..%( .*-#1)-.6( E,/( *"#$$#%&7( O,/(

.D)1$5.'(O#&0/.(YMV($/.*.%-*(-".(2,*-($./(-,%%.(KRX()3./-.6(E,/(/.602-#,%(,$-#,%(E,/(

-".( 9",5.( E5..-( )%6( -".#/( $,-.%-#)5( E,/( 20--#%&( .1#**#,%*( #%( -".( +.)/( XWVW'( *..(

B_J;XWW>A7(!#1#5)/5+(20/3.*(2)%(:.(2,%*-/02-.6(E,/(E5..-(*.&1.%-*7((

(

O#&0/.( YM\( *011)/#S.*( -.2"%#2)5( )%6( ,$./)-#,%)5( 1.)*0/.*( -,( /.602.( *"#$$#%&(

.1#**#,%*(E/,1(*"#$*(#%(XWVW7(G".(".#&"-(,E(.)2"(:)/((/.$/.*.%-*(-".()3./)&.(1)/&#%)5(

2,*-(,E()3,#6#%&()(-,%(,E(KRX(&#3.%(-")-()55(1.)*0/.*(,%(#-*((5.E-()/.()5/.)6+()$$5#.6()%6(

-".(9#6-"( /.$/.*.%-*( #-*( $,-.%-#)5( -,( /.602.(.1#**#,%*7(L*(,%.(1)+(%,-#2.( -"./.()/.(

*.3./)5(1.)*0/.*( -")-( ")3.( )( %.&)-#3.( 2,*-7( G".*.( *..1( )--/)2-#3.( -,( $,5#2+(1)4./*(

)%6( *",056( :.( 2,%*#6./.6( E,/( 1)%6)-,/+( #1$5.1.%-)-#,%7(Q,/.,3./'( $,5#2+( 1)4./*(

&#3.%( 5#1#-.6(:06&.-*( *",056()6,$-( /.602-#,%(1.)*0/.*( )22,/6#%&( -,( -".#/( /.602-#,%(

-)/&.-( )%6( -".( 2,*-( $./( 1.)*0/.7( O0/-"./1,/.( *$..6( /.602-#,%( :+( #%2/.)*#%&( -".(

.EE#2#.%2+(,E($,/-*(")*(-".(&/.)-.*-($,-.%-#)5(-,(/.602.(.1#**#,%*()1,%&()55(1.)*0/.*(

-")-(")3.()(%.&)-#3.(2,*-($./(-,%%.(,E(2)/:,%(6#,D#6.()3./-.6()%6(/.602#%&(*$..6(")*(

-".( &/.)-.*-( $,-.%-#)5( )1,%&( )55( 1.)*0/.*7( G".( /.)6./( #*( /.E.//.6( -,( U*)/)E-#*( )%6(

[,%-,3)*(;XWW>A()%6(U*)/)E-#*(.-()57(;XWW>A(E,/(1,/.(#%E,/1)-#,%(,%(-".(.EE.2-#3.%.**(

,E(*$..6(/.602-#,%(1.)*0/.*()%6(-".#/(-/)6.,EE*7(

(
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(
O#&7YM\T(K,*-($./((/.602-#,%(,$-#,%(,%(9,/56(E5..-((!,0/2.T(B_J'(XWW>(

(

B0/#%&( -".( 5)*-( +.)/*'( *.3./)5( 1)/#-#1.M/.5)-.6( Q)/&#%)5( L:)-.1.%-( K,*-( K0/3.*(

;QLKKA(")3.(:..%($0:5#*".67(O):./(.-()57(;XW==)A($./E,/1*()(5#-./)-0/.(/.3#.9(,E(-".*.(

*-06#.*7(

(

G".( $0:5#25+( )3)#5):5.( QLKK*( -")-( E,20*( ,%( -".( *"#$$#%&( #%60*-/+( ")3.( :..%( )55(

*0:1#--.6(-,(-".(FQR()%6()/.(-".(E,55,9#%&T(

• FQR(;XWW>A'(nX%6(FQR(a^a(!-06+(XWW>o'(Z,%6,%7(

• KN( .-( )57( ;XWW>A'( nG.2"%#2)5( *0$$,/-( E,/( N0/,$.)%( )2-#,%( -,( /.602#%&(

a/..%",0*.(a)*(N1#**#,%*(E/,1(#%-./%)-#,%)5(1)/#-#1.(-/)%*$,/-o7(

• B_J( ;XW=WA'( nU)-"9)+*( -,( 5,9( 2)/:,%( *"#$$#%&o( )5*,( )$$.)/*( )*( N#6.( .-( )57(

;XW==A'(nO0-0/.(2,*-(*2.%)/#,*(E,/(/.602-#,%(,E(*"#$(KRX(.1#**#,%*o7(

• FQL8N!G(;XW=W)A'(nQ)/&#%)5(L:)-.1.%-(K,*-*()%6(K,*-(NEE.2-#3.%.**(,E(N%./&+M

NEE#2#.%2+(Q.)*0/.*o'(QNUK(@=eF_O7(=?7((

• FQR;XW=WA'( n8.$,/-( ,E( ND$./-( a/,0$( ,%( O.)*#:#5#-+( !-06+( )%6( F1$)2-(

L**.**1.%-(,E($,**#:5.(Q)/4.-M:)*.6(Q.)*0/.*o'(L%%.D(=W(;QNUK(@=eF_O7XA((

• FQL8N!G(;XW==A'(nQ)/&#%)5(L:)-.1.%-(K,*-*()%6(K,*-(NEE.2-#3.%.**(,E(N%./&+M

NEE#2#.%2+(Q.)*0/.*o'(0$6)-.(,E(FQL8N!G(;XW=W)A'(QNUK(@XeF_O7`(

8.2.%-( 5#-./)-0/.(")*(*",9%(-")-(QLKK*()/.(3./+(*.%*#-#3.(-,(%01./,0*()**01$-#,%*(

#%2506#%&( -".( $/,P.2-.6( ;0$( -,( XWXW( ,/( XWVWA( E0.5( $/#2.( )%6( E5..-'( -".( ):)-.1.%-(

1.)*0/.*( -")-( 9./.( #%2506.6'( -".( 6#*2,0%-( /)-.( 0*.6( #%( -".( _UJ( 2)5205)-#,%*'( -".(

/.602-#,%( $,-.%-#)5( ,E( .)2"( 1.)*0/.( )%6( -".( 0$-)4.( ,E( -".*.( -.2"%,5,&#.*( #%( -".(

E0-0/.7( F%( )66#-#,%'(QLK( .*-#1)-.*( ")3.( *,1.(9.)4( $,#%-*7( O#/*-( ,E( )55'(QLK( $/#2.*(
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6.$.%6(".)3#5+(,%(.1#**#,%(/.602-#,%(-)/&.-*()%6(*-):#5#S)-#,%(-)/&.-*()%6'(-"./.E,/.'(

6#EE./()1,%&(*.2-,/*()%6(2,0%-/#.*7(O0/-"./1,/.'(-".+(6,(2")%&.(1)**#3.5+(,3./(-#1.(

)*(#%%,3)-#,%(4#24*(#%(9#-"(1,/.(2,*-M.EE.2-#3.(1.)*0/.*(;ORNF'(XWW?A7(

(

O#%)55+'(%,-.(-")-( #E( -".(2)/:,%($/#2.(6./#3.6(:+(0*#%&(QLK(20/3.*()%6(0*.6( #%($,5#2+(

)$$/)#*)5(61/& /1CA):& 0@+&C$/0&+#A+%/1=+&C+(/92+& 1%& 0@+&/02(0+5:& 0$&C++0& 0@+&;9*5+0/&
(%*&$0@+2&$=+2())&5$=+2%C+%0&0(25+0/>( ;E7.7(.1#**#,%(/.602-#,%(-)/&.-'(,/(*-):#5#S)-#,%(

5.3.5*A'( -".%( )%+( $,5#2+( 2)%( :.( .)*#5+( P06&.6( )&)#%*-( ,-"./*( ;ORNF'( XWW?A7( G"./.E,/.'(

1.)*0/.*(-")-(2,*-(0$(-,()(*$.2#E#2(-"/.*",56(*",056(:.($/,$,*.6(E,/()6,$-#,%7(

5.3.3 Analysis of CO2 market price 
G".()63)%-)&.(,E(0*#%&()(1)/4.-($/#2.( #*( -")-( #-( #*(3./+(n/.)5o(](-"#*( E#&0/.( #*( -".(,%.(

:0*#%.**( $.,$5.( 0*.( 9".%( -)4#%&( 6.2#*#,%*( ;ORNF'( XWW?A7( G"#*( )$$/,)2"( -)4.*( #%-,(

)22,0%-( )5/.)6+(.D#*-#%&(1)/4.-( $/#2.*'( E,/( .D)1$5.( -".($/#2.(,E( )( 2)/:,%()55,9)%2.(

-/)6.6(#%(-".(N0/,$.)%(b%#,%I*(N1#**#,%*(G/)6#%&(!2".1.(;NG!A(-")-(&#3.*(-".(,9%./(

-".($./1#**#,%(-,(.1#-(,%.(-,%.(,E(2)/:,%(6#,D#6.7(G".(1)#%(6#*)63)%-)&.(#*(-")-(-".(

1)/4.-($/#2.( #*(:)*.6(,%($)/-#205)/( *.2-,/*( )%6(,%()(%01:./(,E( 2,0%-/#.*( )%6'( -"0*'(

6,.*(%,-(2,3./(-".(9",5.(.2,%,1+7(

*

F%(&.%./)5'(-".()/.)(,E(K)/:,%(O#%)%2.()%6(,E(K)/:,%(ND2")%&.*'(#%($)/-#205)/'(#*()(:#-(

2,1$5#2)-.67(O,/()(2,1$/.".%*#3.(*0/3.+(,E(2)/:,%(.D2")%&.(-".(/.)6./(#*(/.E.//.6(-,(

<.--.5".#1( ( )%6( l)%.-,*( ;XWW>A7( L22,/6#%&( -,( -"#*( *0/3.+'( -,6)+( -"./.( )/.( *,1.( XW(

2)/:,%( .D2")%&.( #%#-#)-#3.*'( ==( ,E(9"#2"( )/.( )5/.)6+( -/)6#%&7( G".+( )/.( 5,2)-.6( #%( )55(

&.,&/)$"#2( /.&#,%*( )%6( 3)/+( E/,1( )( *#1$5.(1)-2"#%&( ,E( :0+./( )%6( *.55./( ;L0*-/)5#)%(

K5#1)-.(ND2")%&.A(-,()02-#,%(1)/4.-*(;L*#)(K)/:,%(ND2")%&.A()%6(E/,1(-",*.(5#1#-.6(

-,( N0/,$.)%( b%#,%( L55,9)%2.*( ;NbL*A( )%6( [+,-,( U/,-,2,5( K./-#E#.6( N1#**#,%(

8.602-#,%*(;KN8*A(5#4.(-".(N0/,$.)%(K5#1)-.(ND2")%&.(;NKqA7((

(

N0/,$.)%( b%#,%( L55,9)%2.*'( ,/( NbL*'( )/.( 2)/:,%( 2/.6#-*( #**0.6( 0%6./( -".( Nb(

N1#**#,%*(G/)6#%&(!2".1.(-,(KRXM.1#--#%&( #%*-)55)-#,%*(9"#2"( #*(20//.%-5+( #%(U")*.( FF(

;XWW?MXW=XA7( R%( -".( ,-"./( ")%6'( KN8( $/,602-*( .%*0/.( 6.5#3./+( ,E( K./-#E#.6( N1#**#,%(

8.602-#,%( ;KN8*A( 0%#-*( 9"#2"( )/.( 2/.6#-*( &.%./)-.6( E/,1( &/..%",0*.( &)*( .1#**#,%(

$/,P.2-*(9"#2"(E)55(0%6./(-".(K5.)%(B.3.5,$1.%-(Q.2")%#*1(;KBQA(6.E#%.6(:+(L/-#25.(

=X(,E(-".([+,-,(U/,-,2,57((

F%(&.%./)5(NbL*()/.(1,/.(.D$.%*#3.(-")%(KN8*()%6(E0-0/.($/#2.*()/.(1,/.(.D$.%*#3.(

-")%(6)#5+(;*$,-A($/#2.*7(G".($/#2.(,E(-".(NbL(*-)/-.6(-,(#%2/.)*.(*-.)6#5+()5/.)6+(#%(-".(

.)/5+(XWWY()%6(60/#%&(-".(*011./(#-($.)4.6(-,(,3./(VW(N0/,*($./(-,%%.'(*..(O#&7(YMY(

:.5,97(^,9.3./'( #%(-".(.%6(,E(L$/#5(XWW@'(*,,%()E-./(-".( ( #%E,/1)-#,%(/.&)/6#%&( (-".(

-/0.(.1#**#,%*(Nb(,E(1.1:./(*-)-.*(9)*($0:5#*".6'(-".($/#2.(6/,$$.6(9#-"#%()(2,0$5.(
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,E(6)+*(E/,1()51,*-(VW((-,(:.5,9(=W(N0/,*($./(-,%%.'(*..(URQL8eQL8QNG;XWW`A(E,/(

)(1,/.( 6.-)#5.6( )%)5+*#*7( F-( #*( :.5#.3.6( -")-( -".( 2)$(9"#2"(9)*( *.-( E,/( U")*.( F'( 9)*(

*-/#2-./( -")%( -".( )2-0)5( .1#**#,%*( )%6( -"./.E,/.( -"./.( 9)*( %,( %..6( -,( :0+( .D-/)(

)55,9)%2.*(:/#%&#%&( -".($/#2.( .3.%-0)55+( -,( S./,7( G")-( #*(9"+( -".(U")*.( F( ,E( NG!(")*(

:..%(3#.9.6()*()(E)#50/.7((

(
O#&7(YMY7(U/#2.*(#%(-".(Nb(NG!'(XWW\M$/.*.%-(;O/,%-(+.)/(2,%-/)2-*(E,/($")*.(=()%6(XA(](!,0/2.T(U,#%-(K)/:,%(

(

_,-.(-")-(#E(-".(NG!($/#2.(#*()$$5#.6(-,(%,%MNG!(*.2-,/*(-".(/.*05-(9#55(:.(5.**(.1#**#,%*(

):)-.1.%-(-")%(%..6.6()%6'(,%(-".(,-"./(")%6'(:+(0*#%&(-".(*)1.(2)/:,%($/#2.()2/,**(

)55(*.2-,/*(,E(-".(.2,%,1+(*",056(:.($./2.#3.6()*(E)#/(:+(2,1$)%#.*(;K,1")/'(XWW?A7(F-(

5,,4*(-")-(-"./.(#*()(5,-(,E(0%2./-)#%-+(/.5)-.6(-,(2)/:,%($/#2.()%6(-"./.(#*(.3#6.%2.(,E(

*-/,%&(3,5)-#5#-+( #%( 2)/:,%(1)/4.-*7( F%( #*(%,-( -".($0/$,*.(,E( -"#*($)$./( -,()//#3.()-( )(

*#%&5.(2)/:,%($/#2.(/)-"./(-")%($/.*.%-(-".($,**#:5.(9)+*(,E(2)/:,%(3)50)-#,%()%6(,E(#-*(

0*.*()*(-".+(9#55(:.(6.*2/#:.6(#%(-".(E,55,9#%&(!.2-#,%7((

5.3.4 The Shadow Price of Carbon 
a,3./%1.%-*( #%( -".( 2,%-.D-( ,E( $,5#2+( .3)50)-#,%( 0*.( ,%.'( ,/( )( 2,1:#%)-#,%'( ,E( -".(

):,3.()$$/,)2".*(-,(2)/:,%(3)50)-#,%()*(-".(:)*#*(E,/(#%2,/$,/)-#%&(2)/:,%(.1#**#,%*(

#%( 2,*-M:.%.E#-( )%)5+*#*( )%6( #1$)2-( )**.**1.%-*( ,E( -".#/( /.&05)-#,%*( ;BNO8L'( XWW`A7(

FUKK(6.E#%.*()*(?,-&%R*.$;(;"L*6/+001%5&A218+/&$7&5$$*/&(%*&/+2=18+/& 0@(0&(2+&%$0.&$2&
1%8$CA)+0+):.&A218+*&;:&C(23+0&7$28+/&$2&;:&(*C1%1/02(01=+&2+59)(01$%.&(0&0@+&@+15@0&$7&
0@+12&/$81()&C(251%()&=()9+?>&&
(

G".( H*")6,9($/#2.( E,/(2)/:,%I'( /.$/.*.%-#%&(-".(2,*-( -,(*,2#.-+(,E( -".(.%3#/,%1.%-)5(

6)1)&.'( ")*(:..%()&/..6( #%( -".(b%#-.6([#%&6,17( (L22,/6#%&( -,( -".(B.$)/-1.%-( E,/(

N%3#/,%1.%-'(O,,6()%6(80/)5(LEE)#/*(;BNO8L'XWW`A'(-".(!")6,9(U/#2.(,E(K)/:,%(;!UKA(

6./#3.6(:+(.*-#1)-#%&(-".(!,2#)5(K,*-(,E(K)/:,%(*",056(:.(0*.6( #%(K<L7(L22,/6#%&(-,(

BNO8L;XWW`A(-".(6#EE./.%2.(:.-9..%(-".(!")6,9(U/#2.(,E(K)/:,%(;!UKA()%6(-".(!,2#)5(

K,*-(,E(K)/:,%;!KKA(#*(-".(E,55,9#%&(T(
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6W@+&[JJ& 1/&*+0+2C1%+*&A92+):&;:&$92&9%*+2/0(%*1%5&$7& 0@+&*(C(5+&8(9/+*&
(%*& 0@+& E(:& E+& =()9+& 10.& 0@+& [4J& 8(%& (*<9/0& 0$& 2+7)+80& 0@+& A$)18:& (%*&
0+8@%$)$518()& +%=12$%C+%0?&W@1/&C(3+/& 0@+&[4J&(&C$2+&=+2/(01)+& 8$%8+A0& 1%&
C(31%5&/92+&0@(0&A$)18:&*+81/1$%/&(82$//&(&2(%5+&$7&5$=+2%C+%0&A2$52(CC+/&
(2+& 8$CA(01;)+& E10@& 0@+& g$=+2%C+%0-/& 8)1C(0+& 8@(%5+& 5$()/& (%*&
8$CC10C+%0/?>&&
&

G".(!")6,9(U/#2.(,E(K)/:,%(9)*(*.-()-(çXY7YW()(2)/:,%(-,%%.(E,/(XWW`'(/#*#%&()%%0)55+(

X( $./( 2.%-( -,( )22,0%-( E,/( -".( /#*#%&(1)/&#%)5( 6)1)&.( 2,*-( ,3./( -#1.(BNO8L( ;XWW`A7(

8.2.%-5+'( -".( )$$/,)2"( -,( 2)/:,%( 3)50)-#,%( #%( b[( ")*( 0%6./&,%.( )( 1)P,/( /.3#.9'(

2,%2506.6( #%( l05+( XWW>( -,( )( QLKM:)*.6( ,/( n-)/&.-M2,%*#*-.%-o( $/#2.( ,E( 2)/:,%( -")-(

#%3,53.*( *.--#%&( )( 3)50.( ,E( 2)/:,%( -")-( #*( 2,%*#*-.%-( 9#-"( -".( 5.3.5( ,E( 1)/&#%)5(

):)-.1.%-(2,*-*(/.f0#/.6(-,(/.)2"(-".(-)/&.-*(-")-(-".(b[(")*()6,$-.6(](.#-"./()-()(

b['( Nb( ,/( #%-./%)-#,%)5( 5.3.5( ;*..( BNKK'XWW>A7( L22,/6#%&( -,( -".( b[( B.$)/-1.%-( ,E(

N%./&+( )%6( K5#1)-.( K")%&.( ;BNKKA( -"#*( )$$/,)2"( 6+%(;)+/& C$2+& (8892(0+& A$)18:&
(AA2(1/().&E10@& 2+/A+80& 0$& 0@+&8$/0/&(%*&;+%+710/& 0$& 0@+&Uo.&(%*&8$%/1/0+%8:&E10@&$92&
"92$A+(%&$;)15(01$%/>?&O,/()$$/)#*#%&($,5#2#.*(-")-()EE.2-(.1#**#,%*(#%(*.2-,/*(2,3./.6(

:+( -".( Nb( NG!( -".( H-/)6.6( $/#2.( ,E( 2)/:,%I( ,E( X=( çe-KRX.f( #%( XWW>( 3)50.*( #*(

/.2,11.%6.6(9"./.)*(E,/($,5#2#.*(-")-()EE.2-(.1#**#,%*(#%(*.2-,/*(%,-(2,3./.6(:+(-".(

Nb(NG!(;-".(%,%M-/)6.6(*.2-,/A(-".(H%,%M-/)6.6($/#2.(,E(2)/:,%I(,E(Y=(çe-KRX.f*",056(

0*.6(;BNKK'XWW>A7(((

(

F%( O/)%2.'( -".( K,%*.#5( 6IL%)5+*.( !-/)-ä&#f0.( /.2,11.%6*( )( E#&0/.( ,E( åVXe-( KRX'(

/.)2"#%&( å=WW( #%( XWVW( #*( /.2,11.%6.67( G"#*( 3)50.( #*( :)*.6( ,%( )( $/#2.( ,E( X`( .0/,*(

$/,$,*.6(#%(-".(*,M2)55.6(XWWW(<,#-.0D(/.$,/-'(9#-"(#%E5)-#,%(-)4.%(#%-,()22,0%-7(G"#*(

$/#2.( #*( 20//.%-5+()6,$-.6( -,(.3)50)-.( -".($/,E#-):#5#-+(,E($0:5#2( #%3.*-1.%-*7( ;K.%-/.(

6IL%)5+*.(!-/)-ä&#f0.'(XWW?A7(

(

F%( -".( b%#-.6( !-)-.*'( -".( N%3#/,%1.%-)5( U/,-.2-#,%( L&.%2+( ;NULA( )%6( -".( _)-#,%)5(

^#&"9)+( G/)EE#2( !)E.-+( L61#%#*-/)-#,%( ;_^G!LA( ")3.( )5*,( )**#&%.6( )( 6,55)/( 3)50.( -,(

/.602-#,%*( #%( KRX( .1#**#,%*'( *..( b!( O.6./)5( 8.&#*-./( ;XW=WA7( F%( )( P,#%-( $/,$,*)5( -,(

.*-):5#*"()(_)-#,%)5(U/,&/)1(2,%*#*-#%&(,E(%.9(*-)%6)/6*( E,/( 5#&"-M60-+(3."#25.*( -")-(

9#55(/.602.(&/..%",0*.(&)*(.1#**#,%*()%6(#1$/,3.(E0.5(.2,%,1+7(:.%.E#-*(,E(/.602#%&(

a^a(.1#**#,%*(")3.(:..%(.*-#1)-.6(0*#%&()(*.-(,E(#%-./#1(&5,:)5(!KK(3)50.*7(G".(!KK(

3)50.*(3)/+( E/,1(uV\( -,(uY()*( -".*.( /.$/.*.%-( -".(.*-#1)-.*()**,2#)-.6(9#-"( -".(V�(

)%6( Y�( 6#*2,0%-( /)-.*'( /.*$.2-#3.5+7( L22,/6#%&( -,( -".( *)1.( 6,201.%-'( -".( )3./)&.(

&5,:)5( ( !KK( 3)50.( 0*.6( :+( NUL( #*( uXW( $./(1.-/#2( -,%( #%( XWW`( 6,55)/*'( )( 3)50.( -")-( #*(

/.2,11.%6.6(-,(:.(#%2/.)*.6()%%0)55+((0*#%&()(V�(&/,9-"(/)-.7(

(
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Q,/.,3./'(,%(Q)/2"(>'(XW=W'(-".(B.$)/-1.%-(,E(N%./&+(;B,NA($0:5#*".6(#%(-".(O.6./)5(

8.&#*-./(()(%.9(E#%)5(/05.(,%(.%./&+(2,%*./3)-#,%(*-)%6)/6*(E,/(*1)55(.5.2-/#2(1,-,/*7(

G".( %.9( /05.r*( /.&05)-,/+( #1$)2-( )%)5+*#*( #%2506.*( )( 6#*20**#,%( ,E( -".( *,2#)5( 2,*-( ,E(

2)/:,%'( 9"#2"( #*( :)*.6( ,%( )( 6,201.%-( )--)2".6( )*( L$$.%6#D( =YL( -,( -"#*( /05.7( G"#*(

6,201.%-( ;NUL'( XW=WA( #*( -".( /.*05-( ,E( )( E.6./)5( #%-./)&.%2+( 2,%*05-)-#3.( $/,2.**(

#%3,53#%&'()1,%&(,-"./*'(-".(N%3#/,%1.%-)5(U/,-.2-#,%(L&.%2+;NULA'(-".(B.$)/-1.%-*(

,E( N%./&+( ;B,NA'( (G/)%*$,/-)-#,%( ;B,GA( )%6( -".( REE#2.( ,E( Q)%)&.1.%-( )%6( <06&.-(

;RQ<A7G".(/.$,/-( ;NUL'(XW=WA($/.*.%-*( -".( H*,2#)5( 2,*-(,E(2)/:,%I(.*-#1)-.*( -,()55,9(

)&.%2#.*(-,(#%2,/$,/)-.(-".(*,2#)5(:.%.E#-*(,E(/.602#%&(2)/:,%(6#,D#6.(;KRXA(.1#**#,%*(

#%-,(2,*-M:.%.E#-()%)5+*.*(,E(/.&05)-,/+()2-#,%*(-")-(")3.(*1)55'(,/(1)/&#%)5(#1$)2-*(,%(

20105)-#3.( &5,:)5( .1#**#,%*7( G".( #%-./)&.%2+( &/,0$( *.5.2-.6( E,0/( !KK( .*-#1)-.*( E,/(

0*.( #%( /.&05)-,/+( )%)5+*.*7( O,/( XW=W'( -".*.( .*-#1)-.*( )/.( uY'( uX='( uVY'( )%6( u@Y( ;#%(

XWW`(6,55)/*A7( G".( E#/*-( -"/..(.*-#1)-.*()/.(:)*.6(,%( -".()3./)&.(!KK()2/,**(1,6.5*(

)%6( *,2#,M.2,%,1#2( )%6( .1#**#,%*( *2.%)/#,*( )-( -".( Y'( V'( )%6( X7Y( $./2.%-( 6#*2,0%-(

/)-.*'( /.*$.2-#3.5+( )%6( -".( E,0/-"( 3)50.( #*( #%2506.6( -,( /.$/.*.%-( -".( "#&"./( -")%M

.D$.2-.6( #1$)2-*( E/,1( -.1$./)-0/.( 2")%&.7( G".( 2.%-/)5( 3)50.( #*( -".( )3./)&.( !KK(

)2/,**(1,6.5*()-(-".(V($./2.%-(6#*2,0%-(/)-.7(G"./.E,/.(#-(#*(.D$.2-.6(-")-(1)%+(E0-0/.(

)%)5+*.*(9#55(0*.*(-".($/#2.(,E(uX=($./(-,%%.(KRX7(

5.4 Cost Effectiveness Index to access CO2 emissions 
G".(2/#-./#,%(-")-(#*()$$5#.6(#%(KNL(#*(-".(K,*-(NEE.2-#3.%.**(F%6.D(;KNFA7(<)*.6(,%(-".(

#%6#2.*(6.E#%.6(#%(-".(O!L(E/)1.9,/4(9.(2)%(6.E#%.(-".(E,55,9#%&(-9,(#%6#2.*(-")-(2)%(

:.(0*.6(9".%()**.**#%&()#/(.1#**#,%*(E/,1(*"#$$#%&7(

(

a/,**(K,*-(NEE.2-#3.%.**(F%6.D(;aKNFA(

( ( (((((((Nf7(YM=(

_.-(K,*-(NEE.2-#3.%.**(F%6.D(;_KNFA(

(((((((( ( (((((((Nf7(YMX(

9"./.((

|K(#*(-".(2,*-($./(*"#$(,E(-".()2-#,%(;1.)*0/.'(8KR(.-2A(0%6./(2,%*#6./)-#,%((Üuá(

|<(#*(-".(.2,%,1#2(:.%.E#-($./(*"#$(/.*05-#%&(E/,1(-".(#1$5.1.%-)-#,%(Üuá(

|8(#*(-".(2")%&.(#%(1)**(,E(.1#**#,%*()3./-.6($./(*"#$7(

G".(1)**(,E(.1#**#,%*()3./-.6(2)%(:.(H-,%%.*(,E(KRXI'(,/(H-,%%.*(,E(_RDI(,/()%+(,-"./(

.D")0*-(&)*7(U)/-#205)/5+'(E,/(-".(2)*.(,E(a/..%",0*.(a)*.*(;a^aA(-".(%,-#,%(,E(KRXM

.f(2)%(:.(0*.67((

(

G".(2/#-./#,%(#%(-"#*(2)*.(#*(-")-()2-#,%*(9#-"(2,*-(.EE.2-#3.%.**(#%6.D(-")-(5#.(:.5,9()(

*$.2#E#2(-"/.*",56'(/.E.//.6(-,()*(5)16)(;ÄA(3)50.'()/.(6..1.6(-,(:.(2,*-(.EE.2-#3.()%6(

CGCEI
R

!
=
!

C BNCEI
R

! " !
=

!
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*",056(:.()6,$-.67(g.(*",056( E#%)55+(%,-.(-")-(N#6.(.-()57( ;XWW>A(")3.(6.E#%.6()(%.-(

2,*-( .EE.2-#3.%.**( #%6.D( -,( :.( 0*.6( 9#-"#%( O,/1)5( !)E.-+( L**.**1.%-7( L22,/6#%&( -,(

-".#/(9,/4'(KLGK^(;K,*-(,E(L3./-#%&()(G,%%.(,E(KRXM.f(".)-#%&A(n1/&(&C+(/92+&$7&8$/0R
+77+801=+%+//& 1%& 0+2C/&$7& 0@+&A2+/+%0& =()9+&$7& 0@+& /9C&$7& 0@+&*1/8$9%0+*& 8922+%0&(%*&
79092+&;+%+710/&(%*&8$/0/&(21/1%5&72$C&1CA)+C+%01%5&(&51=+%&A2$A$/()&(0&0@+&/@1A&)+=+)o7(
G".( /.5)-#3.( -"/.*",56( #*( .*-#1)-.6( -,( :.( YW( u( $./( -,%%.( )%6( #*( -".( )1,0%-( -")-(

*"#$$#%&( #*( .D$.2-.6( -,($)+($./( -,%%.(,E( 2)/:,%(6#,D#6.():)-.6( -,( (6@+)A&;21*5+& 0@+&
5(A&;+0E++%&0@+&+#A+80+*&5)$;()&;(/+)1%+&+C1//1$%/&1%&P\Q\&(%*&0@+&0(25+0&+C1//1$%/&
%++*+*&1%&$2*+2&0$&)1C10&0+CA+2(092+&1%82+(/+&$7&P&*+52++/&J>?(L*(,%.(2)%(0%6./*-)%6(
-"#*(-"/.*",56(#*(:)*.6(,%(-".("#&"(0%2./-)#%-#.*(#%3,53.6(9#-"(-".(1.2")%#*1*'(2,*-*(

)%6(:.%.E#-*( -,()2"#.3.( -".(nX(6.&/..*(K(&0)/6/)#5o'( -"./.E,/.( -"#*(3)50.(1)+(%,-(:.(

)$$/,$/#)-.()%6(")*(-,(:.(E0/-"./()%)5+S.67(

(

5.5 Valuation of GHG emissions 
O,55,9#%&( -".(6.E#%#-#,%(,E( -".( FUKK(O,0/-"(L**.**1.%-(8.$,/-( ;*..( FUKK'(XWW`A( -")-(

9.( $/.*.%-.6( ):,3.'( -".( 2)/:,%($/#2.( /.$/.*.%-*( -".( *")6,9($/#2.( ,E( )%( )66#-#,%)5(

0%#-(,E(KRX(.1#--.6()%6(#-(")*()5*,(:..%(0*.6()*()(20-M,EE(/)-.(E,/(1)/&#%)5():)-.1.%-(

2,*-*(#%(-".()**.**1.%-(,E(.2,%,1#2(1#-#&)-#,%($,-.%-#)5*7((

(

P;<</$/"#*H-B'/?*-$/*'?/&*-F%"L*H-$;%'?*?/(#%$?*-"&*#,/$/*;?*"%*'";H/$?-BB)*-((/.#/&*

(-$E%"* .$;(/* /G;?#?T* -?* (B/-$B)* &/F%"?#$-#/&* ;"* #,/* .$/H;%'?* 6/(#;%"?U* I%#;"L* #,-#*

<'$#,/$*$/?/-$(,*;?*"//&*R/*<//B*#,-#*#,/*H-B'/?*'?/&*;"*#,/*Xd*8?//*PO++T0QQW=*(%'B&*

E/* -* L%%&* ?#-$#;"L* .%;"#U* !"* /<</(#T* <%$* -..$-;?;"L* .%B;(;/?* #,-#* -<</(#* /F;??;%"?* ;"*

?/(#%$?* (%H/$/&*E)* #,/*OX*ON6* #,/* f#$-&/&*.$;(/*%<* (-$E%"g*%<*07*h_#+C0/S* ;"*0QQW*

H-B'/?* ;?* $/(%FF/"&/&* R,/$/-?* <%$* .%B;(;/?* #,-#* -<</(#* /F;??;%"?* ;"* ?/(#%$?* "%#*

(%H/$/&*E)*#,/*OX*ON6*8#,/*"%"D#$-&/&*?/(#%$=*#,/*f"%"D#$-&/&*.$;(/*%<*(-$E%"g*%<*37*

h_#+C0/S?,%'B&*'?/&*8PO++T0QQW=U***

(

a#3.%(*02"()($./(0%#-($/#2.( ;2,%*-)%-(,E(%,%M2,%*-)%-A( -".(0*.(,E( -".(2)/:,%($/#2.( #*(

*-/)#&"-E,/9)/6T( !0$$,*.( -")-( -".( 2)/:,%( $/#2.( #*( 4%,9( )%6( #*( KU( #%(1,%.-)/+( 0%#-*(

6#3#6.6(-,(1)**(0%#-*(;(E,/(.D)1$5.(ue(-,%.*A7(G".(6)1)&.(,E()%()2-#,%(#*(-".($/,602-(

,E( -".( )1,0%-( ,E( .1#**#,%*( )%6( -".( 2)/:,%( $/#2.7( G")-( #*'( #E( -".( )2-#,%( $/,602.*( D(

-,%%.*(,E(2)/:,%(6#,D#6.()%6(-".(2)/:,%($/#2.(-")-(9.(0*.(#%(,0/()%)5+*#*(#*(KU(u($./(

-,%%.*(-".%(-".(6)1)&.(#*( 7(G"#*(#*()5*,(-".(:.%.E#-(,E()%()2-#,%(

,/($,5#2+(-")-(/.602.*(.1#**#,%*(:+(D(-,%%.*7((

(

F%(K,*-M:.%.E#-( )%)5+*#*(9.( -".%( 2,1$)/.( -".(:.%.E#-( (9#-"( -".(

#1$5.1.%-)-#,%(2,*-*(,E(-".()2-#,%7(G"#*()$$/,)2"(2)%(:.(.)*#5+(&.%./)5#S.6(#%(-".(2)*.(

( ) ($ / ) ( )D x CP tn x tn= •

( ) ($ / ) ( )B x CP tn x tn= •
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,E()(%,%( 5#%.)/(6)1)&.(E0%2-#,%7( F%( -")-(2)*.(KU(9#55(:.()( E0%2-#,%(,E( -".()1,0%-(,E(

.1#**#,%*($/,602.67(

(

O0/-"./1,/.'( *#%2.( 2)/:,%( $/#2.( ")*( )5*,( :..%( 0*.6( )*( )( 20-M,EE( /)-.( E,/( 1)/&#%)5(

):)-.1.%-(2,*-*( #%( -".()**.**1.%-(,E(.2,%,1#2(1#-#&)-#,%($,-.%-#)5*'( -"#*( 3)50.(2)%(

:.(0*.6()*()(2,*-M.EE.2-#3.%.**( -"/.*",56'( -".( 5)16)( ;ÄA(3)50.( -")-(9)*($/.*.%-.6( #%(

!.2-#,%(X7(L1,%&()2-#,%*(-".(,%.(-")-()2"#.3.*(-".(5,9.*-(2,*-M.EE.2-#3.%.**(#*(:.--./7(

L*(6#*20**.6():,3.(-"./.(#*(%,(O!L(*-06+(0%-#5(%,9(-")-()22.**.*(/#*4(:+(2)/:,%(6#,D#6.(

.1#**#,%()5-",0&"(*,1.(2/#-./#)(6,(.D#*-'( N#6.(.-()57( ;XWW>A7(L5-",0&"()( 2,%*-)%-($./(

-,%%.($/#2.(#*(*-#55(6.:)-):5.(-".(E)2-(-")-(1)/4.-($/#2.*(6,(%,-(6.$.%6(,%(-".()1,0%-(

,E( $./1#-*( :,0&"-( #*( )( /.)*,%( E,/( 0*#%&( )( 2,%*-)%-( $./( -,%%.( 3)50.( )%6( -".( ,%.*(

$/.*.%-.6( #%( !.2-#,%( Y7V7\( 2)%( :.( )( &,,6( *-)/-#%&( $,#%-7( B.E#%#-.5+( 1,/.( )%)5+*#*( #*(

%..6(,%(-"#*(*0:P.2-7(

(

G,(*01(0$'(9.($/.*.%-.6(#%(-".,/+(-".(9)+(-")-(-".(2)/:,%($/#2.(2)%(:.(0*.6(9#-"#%(

K<L()%6(KNL7(_.D-(*.2-#,%(9#55($/.*.%-(",9(2)%()(2,%*-)%-(3)50.(:.(0*.6()*(-".(2,*-(

.EE.2-#3.%.**( -"/.*",56( #%( KNL( E,/( )**.**#%&( -".( .EE.2-#3.%.**( ,E( *$..6( /.602-#,%(

1.)*0/.*7(G".(E,55,9#%&(.D)1$5.(#*(:)*.6(,%(U*)/)E-#*()%6([,%-,3)*(;XWW>:A7(

(

5.6 An Example : Evaluating speed reduction measures  

5.6.1 Algebra of Speed Reductions 
L-( E#/*-(&5)%2.'(*$..6(/.602-#,%(1)+( 5,,4( 5#4.(4#55#%&(-"/..(:#/6*( #%(,%.(*-,%.T(/.602.(

E0.5(:#55'( /.602.(.1#**#,%*'()%6'( #%()(6.$/.**.6(1)/4.-'(".5$(*0$$,/-( E/.#&"-( /)-.*(:+(

)/-#E#2#)55+(*"/#%4#%&(-".(E5..-(*0$$5+(20/3.7((G".(f0.*-#,%(#*'(#*(-"#*(/.)55+(*,k(

(

L**01#%&()(&#3.%(*"#$'()%6(E,/(*$..6*(-")-()/.(25,*.(-,(-".(,/#&#%)5(*$..6'(-".(.EE.2-(,E(

*$..6(,%(E0.5(2,%*01$-#,%(#*()**01.6(20:#2'(-")-(#*'((-".(6)#5+(E0.5(2,%*01$-#,%(O()-(

*.)( )-( *$..6( J( ( #*( )( 20:#2( E0%2-#,%( ,E( *$..6( J7( G".( 20:#2( 5)9( E,55,9*( E/,1(

"+6/,6+%)1#2($/#%2#$5.*()%6(#*()(*-)%6)/6()**01$-#,%(#%(1,*-()%)5+*.*7(_,-.(-")-(-"#*(

#*(,%5+()%()$$/,D#1)-#,%'()%6(,%.(-")-(#*(0*0)55+(3)5#6(E,/(*1)55(2")%&.*(#%(*$..67(FE(-".(

*$..6( 2")%&.*( 6/)*-#2)55+'( E,/( #%*-)%2.( E/,1( XW( -,( =W( 5.-( )5,%.( Y( 4%,-*'( ,%.( 9,056(

.D$.2-( )( 6#EE./.%-( /.5)-#,%*"#$( :.-9..%( J( )%6( O7( <0-( )5*,( #%( *,1.( ,-"./( 2)*.*(

.D$,%.%-*("#&"./(-")%(V(1)+(:.()$$5#2):5.7(g")-.3./(-".(/.5)-#,%*"#$(#*'()**01#%&()(

20:#2(5)9(2)0*.*(%,(5,**(,E(&.%./)5#-+'()*(,0/()%)5+*#*(9,056(%..6(1#%,/(1,6#E#2)-#,%*(

#%(2)*.()(6#EE./.%-(E0%2-#,%)5(/.5)-#,%*"#$(#*()**01.67(

(
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L(20:#2(5)9(1.)%*(-")-(Ov4J
V
'(9"./.(4#*()(4%,9%(2,%*-)%-'(9"#2"(#*()(E0%2-#,%(,E(-".(

5,)6#%&( 2,%6#-#,%( ,E( -".( *"#$( )%6( ,E( ,-"./( *"#$( 2")/)2-./#*-#2*( ;.7&7'( .%&#%.'(

",/*.$,9./'( &.,1.-/+'( )&.'( .-2A7( L%( #1$5#2#-( )**01$-#,%( #%( -"#*( )%)5+*#*( #*( -")-( -".(

*"#$I*($,9./($5)%-(9,056(*-#55(:.():5.(-,(E0%2-#,%(.EE#2#.%-5+(#E(*$..6(#*(/.602.67(!$..6(

/.602-#,%(0*0)55+(/.f0#/.*(/.2,%E#&0/#%&(-".(.%&#%.(*,(-")-(#-*(,$./)-#,%(#*(,$-#1#S.6()-(

-".( /.602.6( 5,)67( _,-.( -")-( -".( 20:#2( 5)9( #*( )( /,0&"( )$$/,)2"'( *..( [,%-,3)*( )%6(

U*)/)E-#*(;XW==A(E,/(1,/.7(

(

U*)/)E-#*( )%6( [,%-,3)*( ;XWW>:A( #%3.*-#&)-.6( )( *#1$5.( 5,&#*-#2)5( *2.%)/#,( -,( .D)1#%.(

-/)6.,EE*(:.-9..%(*"#$(KRX(.1#**#,%*()%6(,-"./()--/#:0-.*(,E(-".(*"#$(,$./)-#,%7(G".(

*2.%)/#,()**01.6()(E5..-(,E(_(#6.%-#2)5(*"#$*(;_T(#%-.&./A'(.)2"(,E(2)$)2#-+(;$)+5,)6A(g7(

N)2"(*"#$(5,)6*(E/,1()($,/-(L'(-/)3.5*(-,($,/-(<(9#-"(4%,9%(*$..6(J='(6#*2")/&.*()-(<(

)%6( &,.*( :)24( -,( $,/-( L( #%( :)55)*-( ;.1$-+A'( 9#-"( *$..6( JX7( L**01.( *$..6*( )/.(

.D$/.**.6(#%(41($./(6)+7(G".(6#*-)%2.(:.-9..%(L()%6(<(#*(4%,9%()%6(.f0)5(-,(Z(;41A(

)%6(-".(-,-)5(-#1.(#%($,/-()-(:,-"($,/-*(#*(GL<(;6)+*A7(L**01.(-".*.(*"#$*()/.(2")/-./.6(

,%()( -./1(2")/-./()%6( -".(2")/-././'(9",( #*( -".(.EE.2-#3.(,9%./(,E( -"#*( E5..-( E,/( -".(

60/)-#,%(,E(-".(2")/-./'( #%20/*()(4%,9%(,$./)-#,%)5(2,*-(,E(RK($./(*"#$($./(+.)/7(G"#*(

2,*-(6.$.%6*(,%(1)/4.-(2,%6#-#,%*()-(-".(-#1.(-".(2")/-./(#*(*#&%.6()%6(#%2506.*(-".(

2")/-./( -,( -".( *"#$,9%./( )%6( )55( ,-"./( %,%ME0.5( /.5)-.6( .D$.%*.*( -")-( -".( 2")/-././(

10*-( $)+'( *02"( )*( 2)%)5( -,55*'( $,/-( 60.*'( 2)/&,( ")%65#%&( .D$.%*.*'( )%6( *,( ,%7( _,-(

#%2506.6( #%( RK( )/.( E0.5( .D$.%*.*'( 9"#2"( )/.( )5*,( $)#6( :+( -".( 2")/-././'( )%6( 9"#2"(

6.$.%6(,%(-".()2-0)5(E0.5(2,%*01.6(:+(-".(E5..-(,E(*"#$*7(G".(5)--./(6.$.%6*(,%(",9(

-".(E5..-(#*(0*.67(

(
O#&7(YM@T(!"#$(8,0-.(

(

L**01.( -")-( .)2"( *"#$I*( ,$./)-#,%)5( 6)+*($./( +.)/( )/.(B( ;W~B~V@YA'( )( 4%,9%( #%$0-'(

)%6(-")-(-".(-,-)5(6)#5+(E0.5(2,%*01$-#,%*(;#%2506#%&(:,-"(1)#%(.%&#%.()%6()0D#5#)/#.*A(

)/.( 4%,9%( )%6( )/.( )*( E,55,9*( E,/( .)2"( *"#$T( E( ;-,%%.*( $./( 6)+A( #%( $,/-'( )%6( O='( OX(

;-,%%.*($./(6)+A()-(*.)'(E,/(-".(5)6.%()%6(:)55)*-(5.&*(;/.*$.2-#3.5+A7(

L*(*-)-.6(.)/5#./'(-".(.EE.2-(,E(*$..6(2")%&.(,%(E0.5(2,%*01$-#,%(#*()**01.6(20:#2(E,/(

-".( *)1.( *"#$'( -")-( #*'( O=v4=J=
V
( )%6( OXv4XJX

V
'( 9"./.( 4=( )%6( 4X( )/.( 4%,9%( 2,%*-)%-*(

;-+$#2)55+(4=({(4XA7(

(
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F%( )66#-#,%( -,( -".( *-)%6)/6( 2,*-*( :,/%.( :+( -".( 2")/-././'( U*)/)E-#*( )%6( [,%-,3)*(

;XWW>:A()5*,(-,,4(#%-,()22,0%-(8(25$&1%=+%0$2:&8$/0/7(G".*.(2,*-*()/.()**01.6(.f0)5(-,(

FK($./( -,%%.()%6($./(6)+(,E(6.5)+'(9"./.( FK( #*()(4%,9%(2,%*-)%-7( F%(2,1$0-#%&( -".*.(

2,*-*'(#-(#*()**01.6(-")-(2)/&,()//#3.*(#%($,/-(HP0*-M#%M-#1.I'(-")-(#*'(P0*-(9".%(.)2"(*"#$(

)//#3.*7(F%(-")-(*.%*.'(#%3.%-,/+(2,*-*()22/0.(,%5+(9".%(5,)6#%&'(-/)%*#-#%&(;5)6.%A()%6(

6#*2")/&#%&7((G".*.(2,*-*()/.(2)55.6(H#%M-/)%*#-(#%3.%-,/+(2,*-*I7(a.%./)5#S#%&(-,(-".(2)*.(

9"./.(#%3.%-,/+(2,*-*(60.(-,($,/-(*-,/)&.()/.()5*,(2,%*#6./.6(#*(*-/)#&"-E,/9)/67((

FE(-".(1)/4.-($/#2.(,E(-".(2)/&,()-(-".(6.*-#%)-#,%(;KFO($/#2.A(#*(U(;ue-,%%.A'(-".%(,%.(

6)+(,E(6.5)+(#%(-".(6.5#3./+(,E(,%.(-,%%.(,E(-"#*(2)/&,(9#55(#%E5#2-()(5,**(,E(U8eV@Y(-,(-".(

2)/&,(,9%./'(9"./.(8(#*(-".(2,*-(,E(2)$#-)5(,E(-".(2)/&,(,9%./(;.D$/.**.6()*()%()%%0)5(

#%-./.*-(/)-.A7(G"#*( 5,**(9#55(:.(#%(-./1*(,E( 5,*-( #%2,1.(60.(-,(-".(6.5)+.6(*)5.(,E(-".(

2)/&,7(G"./.E,/.'(#-(#*(*-/)#&"-E,/9)/6(-,(*..(-")-(((FK(vU8eV@Y7(

(

<)*.6(,%(-".():,3.'()E-./(*,1.(*-/)#&"-E,/9)/6()5&.:/)#2(1)%#$05)-#,%*'(U*)/)E-#*()%6(

[,%-,3)*(;XWW>:A(")3.(2)5205)-.6(-")-'(E,/(_(*"#$*'(-,-)5(E5..-(2,*-*(#%()(+.)/()/.(.f0)5(

-,(

( Nf7YMV

(

Z.-( 0*( %,9( )**01.( -")-( -".( *$..6(,E( )55( *"#$*( #%( -".( E5..-( #*( /.602.6( :+( )( 2,11,%(

)1,0%-(|JéW7((G,(1)#%-)#%()%%0)5(-"/,0&"$0-(2,%*-)%-'(9.(")3.(-,()66(|è()66#-#,%)5(

*"#$*'()**01.6(#6.%-#2)5(#%(6.*#&%(-,(-".(,/#&#%)5(_(,%.*7(F-(#*(.)*+(-,(2".24(-")-(9.(2)%(

2,1$0-.(|è(;9"#2"(2)%(:.(E/)2-#,%)5A(E/,1(-".(E,55,9#%&(.f0)-#,%T(

( ( ( Nf7YM\(

(

L%( #1$5#2#-( :0-( 3./+( #1$,/-)%-( )**01$-#,%( "./.( #*( -")-( -".*.( |è( *"#$*( )/.( /.)6#5+(

)3)#5):5.()%6(2)%(:.(#11.6#)-.5+(#%2,/$,/)-.6(#%-,(-".(,/#&#%)5(E5..-()-()(2,*-(.f0)5(-,(

RK($./(*"#$($./(+.)/'(-".(*)1.()*(-")-($)#6(-,(2")/-./(-".(,/#&#%)5(_(*"#$*7(^,9.3./'()(

2,%*-)%-(RK(1)+(%,-(%.2.**)/#5+(:.(-".(2)*.T(;)A(#E(-"./.(#*()(5)24(,E(*0$$5+(,E()3)#5):5.(

*"#$*'( 9"#2"( 1)+( ")$$.%( #E( *$..6( /.602-#,%( #*( )$$5#.6( 0%#E,/15+'( ,/( E,/( )%+( ,-"./(

/.)*,%'(-"#*(1)+(")3.()*()(/.*05-()(5,9./(-,-)5(E5..-(*0$$5+()%6()%(#%2/.)*.(,E(2")/-./(

/)-.*(-,( 5.3.5*():,3.(RK(C( ;:A(2")/-././*(1)+(:.(0%9#55#%&(-,($)+(-".(*)1.(2,*-( #E(-".(

*$..6( ,E( -".( 3.**.5( #*( 5,9./7( K")/-./( /)-.*(9#55( &.%./)55+( 6.$.%6( ,%( -".( #%-./)2-#,%(

:.-9..%(*0$$5+()%6(6.1)%6'(:0-(#%(-"#*(1,6.5(9.()**01.(-".1(2,%*-)%-7((

(

( )2 2
AB 1 1 2 2 C AB

1
C

AB
1 2

Lp T f+L k V k V I W T
V

D N N OL L +T
V V

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

AB
1 2

AB
1 2

L L T
V V V V!N N 1L L T

V V
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FE(J=( ( (v(JX( (v(J( ;-"#*(1)+(%,-(1.)%(-")-( (4=v(4XA'( -".(6#EE./.%2.( #%( -,-)5( E5..-(2,*-*( #*(

.f0)5(-,T(

(((((((Nf7YMY(

(

G".(6#EE./.%2.(#%(E0.5(2,*-*()5,%.(;2,*-*()E-./(1#%0*(2,*-*(:.E,/.A(#*(.f0)5(-,((

( ( Nf7YM@(

L%(#%-./.*-#%&(,:*./3)-#,%(#*(-")-(E0.5(2,*-(6#EE./.%-#)5*(;)%6'(:+(.D-.%*#,%'(-,-)5(E5..-(

2,*-(6#EE./.%-#)5*A()/.(#%6.$.%6.%-(,E($,/-(E0.5(2,%*01$-#,%(E7( (G"#*(2)%(:.(.D$5)#%.6(

:+( %,-#%&( -")-( -".( %.9( E5..-( *-/#%&'( .3.%( -",0&"(1,/.( %01./,0*( -")%( -".( $/.3#,0*(

,%.'(9#55(1)4.()%(.f0)5(%01:./(,E($,/-(2)55*(#%()(+.)/'((-"./.E,/.(E0.5(:0/%.6(9"#5.(#%(

$,/-(9#55(:.(-".(*)1.7(((

(

F-(#*()5*,(#%-./.*-#%&(-,(%,-.(-")-(E,/(|JéW()%6(E,/()55($/)2-#2)5($0/$,*.*(-".(6#EE./.%-#)5(

#%(E0.5(2,*-*(#*()59)+*(%.&)-#3.(,/(S./,'()*(6#EE./.%2.(XJM|J(#%(Nf7YMY(#*($,*#-#3.(E,/()55(

/.)5#*-#2( 3)50.*( ,E( -".( *$..6*( )%6( ,E( -".( *$..6( /.602-#,%7( ( G"#*( 1.)%*( -")-( *$..6(

/.602-#,%(2)%%,-(/.*05-(#%()("#&"./(E0.5(:#55'(.3.%(-",0&"(1,/.(*"#$*(9#55(:.(%.2.**)/+7((

G".(*)1.(#*(-/0.()*(/.&)/6*(.1#**#,%*'()*(-".*.()/.(6#/.2-5+($/,$,/-#,%)5(-,(-".()1,0%-(

,E(E0.5(2,%*01.67((

(

G"#*( /.*05-(2)%(:.(&.%./)5#S.6( -,( 5,&#*-#2)5( *2.%)/#,*( -")-()/.(1,/.(2,1$5.D( -")%(-".(

,%.(.D)1#%.6("./.'(,%.(E,/(#%*-)%2.(-")-(#%3,53.*()(*"#$(9"#2"(3#*#-*()(*.-(,E($,/-*()%6(

#*(5.**(-")%(E055(;9"#2"(#*(-+$#2)55+(-".(2)*.(E,/(2,%-)#%./*"#$*A7(G".(2,/.(/.*05-(E/,1(-"#*(

)%)5+*#*( #*( -")-( -,-)5( KRX( .1#**#,%*( 9#55( :.( )59)+*( /.602.6( :+( *5,9#%&( 6,9%'( .3.%(

-",0&"(1,/.( *"#$*(9,056( :.( 0*.67( G".( "#&"./( -".( *$..6'( )%6( -".( "#&"./( -".( *$..6(

/.602-#,%'( -".( "#&"./( -"#*( .1#**#,%*( /.602-#,%( 9#55( :.7( G".( -".,/.-#2)55+( 1)D#101(

/.602-#,%(9#55(:.(#E(9.(/.602.(*$..6()55(-".(9)+(-,(S./,'(#%(9"#2"(2)*.(:,-"(E0.5(2,*-*(

)%6(.1#**#,%*(9#55()5*,(:.(S./,7(RE(2,0/*.'(*02"()(*2.%)/#,(9,056(%,-(1)4.()%+(*.%*.'(

)*(%,(2)/&,(9,056(:.(1,3.6()%6(".%2.(2)/&,(#%3.%-,/+(2,*-*()%6(-,-)5(2,*-*(9,056(&,(

-,(#%E#%#-+7(<+(-".(*)1.(-,4.%'()(*2.%)/#,(,E(*0$./M*5,9(*$..6(1)+(*0EE./(E/,1(*#1#5)/(

$/,:5.1*7((

( )( ) C C
1 2

AB

I WD 2O-pD 2V V k k
V(V V)!(total fleet costs)=NL!V L2 T
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+
!" + +
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+
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5.6.2 The Cost to Avert a Tonne of CO2 
^,9(102"(9,056(#-(2,*-(-,()3./-(,%.(-,%%.(,E(KRX(3#)(*$..6(/.602-#,%k(_,-.("./.(-")-(

*$..6(/.602-#,%(:.#%&(,%5+(,%.(,E($,**#:5.(.1#**#,%(/.602-#,%(1.)*0/.*'(-"#*(f0.*-#,%(

2)%(:.($,*.6(E,/()%+(,E(-".*.(1.)*0/.*7(

(

g.( )66/.**( -"#*( f0.*-#,%( :+( %,-#%&( -")-( #%( .D$/.**#,%*( YMY( )%6( YM@'( |;-,-)5( KRX(

.1#**#,%*A(.f0)5*(1#%0*(-,-)5(KRX()3./-.6(:+(#1$5.1.%-#%&()(*$..6(/.602-#,%(*2".1.7(

g.(6.E#%.()*(-".(2,*-(-,()3./-(,%.(-,%%.(,E(KRX(;KLGKA(-".(/)-#,(,E(-".(-,-)5(%.-(2,*-(

,E(-".(E5..-(60.(-,(KRX(*$..6(/.602-#,%(6#3#6.6(:+(-".()1,0%-(,E(KRX()3./-.6(:+(*$..6(

/.602-#,%7(LE-./(*,1.()5&.:/)#2(1)%#$05)-#,%*'()%6(E,/(-".(*#1$5.(*2.%)/#,(.D)1#%.6(

#%(-".($/.3#,0*(*.2-#,%'(#-(2)%(:.(*",9%(-")-(;U*)/)E-#*()%6([,%-,3)*'(XWW>:AT(

(

( Nf7YM`(

(

LE-./(*,1.()5&.:/)#2(1)%#$05)-#,%*'(-"#*(2)%(:.(/.9/#--.%()*(

( ( (Nf7YM?(

(

G".():,3.(.f0)-#,%(,:3#,0*5+(-)4.*(#%-,()22,0%-(,%5+(KRX()3./-.6(#%(-".(*$.2#E#2(1,6.(

0%6./(2,%*#6./)-#,%'()%6(6,.*(%,-(#%2506.($,**#:5.(KRX(&.%./)-.6(#%(,-"./(1,6.*(60.(

-,(1,6)5(*"#E-*(-")-(1)+(:.(-".(/.*05-*(,E(*02"()(*$..6(/.602-#,%7(

(

KLGK(#*()($,*#-#3.( 5#%.)/(E0%2-#,%(,E(:,-"(FK( ( ()%6(RK()%6()(%.&)-#3.( 5#%.)/(E0%2-#,%(,E(

-".($/#2.(,E(E0.5($7( F-(2)%()5*,(:.(*..%(-")-(-".(6.%,1#%)-,/( #%(-".(:/)24.-( #*()(20:#2(

E0%2-#,%( ,E( *$..6'( /.E5.2-#%&( -".( E0%2-#,%)5( /.5)-#,%*"#$( :.-9..%( *$..6( )%6( -".(

f0)%-#-+(,E(KRX( -")-( #*( $/,602.67( F%( )66#-#,%'( -".( 5)*-( -./1( #%( -".( ):,3.(.f0)-#,%'( M

$eOKRX'((9"./.($(#*(-".($/#2.(,E(,%.(-,%%.(,E(E0.5()%6((OKRX(#*(-".(KRX(.1#**#,%*(E)2-,/'(

2)%( :.( /.2,&%#S.6( )*( -".( 2,*-( ,E( -".( )1,0%-( ,E( E0.5( *)3.6( ;%,-( *$.%-A( -")-( 9,056(

$/,602.(,%.( -,%%.(,E(KRX7( G"#*( #*( )%(,$$,/-0%#-+( 2,*-( -")-(9.(9#55( ")3.( -,( *0:-/)2-(

E/,1( -".( -,-)5( 2,*-( #%20//.6'( )*( #-( 2,//.*$,%6*( -,( -".( )1,0%-( ,E( E0.5( -")-(9,056( :.(

*)3.6(#E(,%.(-,%%.(,E(KRX(#*()3./-.67(

(

G".(KLGK(2/#-./#,%(2)%(:.(0*.6(9".%.3./()5-./%)-#3.(,$-#,%*(-,(/.602.(.1#**#,%*()/.(

2,%-.1$5)-.67( F%( -")-( *.%*.'( -".( )5-./%)-#3.( -")-( )2"#.3.*( -".( 5,9.*-( KLGK( #*( -,( :.(

$/.E.//.67(

(

( )( )

( )( )
2

C C
1 2

CO 1 2

I WD 2O-pD 2V V k k
V(V V) V(V V)CATC=NL!V

F NDL!V 2V V k k

!" + + +
!" !"

!" +
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5.6.3 An Example:  Speed reduction of a Containership Fleet 
R0/( #550*-/)-#3.(.D)1$5.( #%3.*-#&)-.*( -".(.EE.2-(,E( *$..6( /.602-#,%( #%( 2,%-)#%./*"#$*7(

L22,/6#%&(-,(U*)/)E-#*()%6([,%-,3)*(;XWW>A'(2,%-)#%./*"#$*()/.(-".(-,$(KRX(.1#**#,%*(

$/,602./( #%( -".(9,/56( E5..-7( l0*-( -".( -,$( -#./( 2)-.&,/+(,E( 2,%-)#%./( 3.**.5*( ;-",*.(,E(

\'\WW(GNb()%6():,3.A()/.(*..%(-,($/,602.(KRX(.1#**#,%*(2,1$)/):5.(,%()%():*,50-.(

*2)5.(-,(-")-($/,602.6(:+(-".(.%-#/.(2/06.(,#5(-)%4./(E5..-7(

(

L**01#%&()("+$,-".-#2)5(*-/#%&(,E(_v=WW(;#6.%-#2)5A(U)%)1)D(2,%-)#%./*"#$*'(.)2"(9#-"(

)($)+5,)6(,E(gv(YW'WWW(-,%%.*'(#E(-".(:)*.(*$..6(#*(Jv(X=(4%,-*(;:,-"(9)+*A()%6(-".(

E0.5( 2,%*01$-#,%( )-( -")-( *$..6( #*( ==Y( -,%%.*e6)+'( -".%( E,/( )( E0.5( $/#2.( ,E( $v(

u@WWe-,%%.(;2,//.*$,%6#%&(-,()($./#,6(,E("#&"(E0.5($/#2.*'(:.E,/.(-".(*501$(,E(XWW?A'(

-".( 6)#5+( E0.5( :#55( 9,056( :.( u@>'WWW( $./( *"#$7( 80%%#%&( -".( *)1.( -+$.( ,E( *"#$( )-( )(

/.602.6(*$..6(JM|J(v((XW(4%,-*(;,%.(4%,-(6,9%A'(-".(E0.5(2,%*01$-#,%(9,056(6/,$(-,(

>>7V\(-,%%.*e6)+(;20:.(5)9(3*7(X=(4%,-*A()%6(-".(6)#5+(E0.5(:#55(9,056(6/,$(-,(uY>'@WY(

$./(*"#$7(

L**01.(-".*.(=WW(*"#$*(&,(:)24()%6(E,/-"()(6#*-)%2.(,E(X'=WW(1#5.*(;.)2"(9)+A()%6()/.(

=WW�(E055(#%(,%.(6#/.2-#,%()%6(2,1$5.-.5+(.1$-+(#%(-".(,-"./7(G"#*(#*(%,-(%.2.**)/#5+()(

/.)5#*-#2( ,$./)-#,%)5( *2.%)/#,'( )*( 2,%-)#%./*"#$*( 3#*#-( 1)%+( $,/-*( )%6( )*( 2)$)2#-+(

0-#5#S)-#,%*()/.(-+$#2)55+( 5,9./(:,-"(9)+*'(6.$.%6#%&(,%(-".(-/)6.(/,0-.7G".(*2.%)/#,(

,E( -/)6.( /,0-.*( E/,1( -".( O)/( N)*-( -,( N0/,$.(,/( E/,1( -".( O)/( N)*-( -,(_,/-"(L1./#2)'(

9"#2"()/.()51,*-(E055(#%(,%.(6#/.2-#,%()%6(25,*.(-,(.1$-+(#%(-".(,-"./(#*($/,:):5+(25,*.(

-,(-".()**01.6(*2.%)/#,7(^,9.3./'()(&.%./)5#S)-#,%(,E(-"#*()%)5+*#*(-,(1)%+($,/-*()%6(

6#EE./.%-( 2)$)2#-+( 0-#5#S)-#,%*( #%( .)2"( 5.&( ,E( -".( -/#$( *",056( :.( *-/)#&"-E,/9)/67( ( O,/(

*#1$5#2#-+'( )**01.( BvV@Y( ,$./)-#%&( 6)+*( $./( +.)/( )%6( S./,( 5,)6#%&( )%6( 0%5,)6#%&(

-#1.*7( O,/( %,%MS./,( $,/-( -#1.*'( -".( )%)5+*#*( 9#55( :.( 1,/.( #%3,53.6( :0-( 9#55( 5.)6( -,(

*#1#5)/(/.*05-*7(

(

G".%(9.(9#55(")3.T((

YW&ZUbb&[4""^&K8(/+&YLM&&
G,-)5(E0.5(:0/%.6e+.)/e*"#$T(==Y(-,%%.*e6)+xV@Y(v(\='>`Y(-,%%.*(

O,/(=WW(*"#$*(v(\'=>`'YWW(-,%%.*(

G,-)5()%%0)5(E0.5(2,*-(;Du@WWA(v(uX'Y=?'YWW'WWW7(

(

YW&I"^UJ"^&[4""^&K8(/+&VLM(
G,(/.)2"(-".(*)1.(-"/,0&"$0-(,E(2)/&,($./(+.)/'(9.(9#55(%..6(=WY(*"#$*7(

G,-)5(E0.5(:0/%.6e+.)/e*"#$T(>>7V\(-,%%.*e6)+xV@Y(v(V@'XY>(-,%%.*(

O,/(=WY(*"#$*(v(V'?W`'XY@(-,%%.*(

G,-)5()%%0)5(E0.5(2,*-(E,/(=WY(*"#$*(v(uX'X?\'VYV'`\=(;/.602.6(3#*MêM3#*(2)*.(LA7(

(
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G"0*'(-"./.(#*()(/.602-#,%((,E(KRX(.1#**#,%*(;$./(+.)/AT(='XV`'W`V(-,%%.*7(

O0.5(2,*-(6#EE./.%2.( ;$./(+.)/A(v(uXV\'=\@'XY>( E,/(Y(1,/.(*"#$*'( -")-( #*'(u\@'?X>'XYX(

$./()66#-#,%)5(*"#$7(B#3#6#%&(:+(V@Y'(-"#*(6#EE./.%2.(#*(u=X?'X>>($./(6)+7(

(

G"#*(1.)%*( -")-( #E( -".( *01(,E( )66#-#,%)5( 2)/&,( #%3.%-,/+( 2,*-*( $50*( ,-"./( )66#-#,%)5(

,$./)-#,%)5( 2,*-*( ,E( -".*.( *"#$*( ;#%2506#%&( -".( -#1.( 2")/-./A( #*( 5.**( -")%( u=X?'X>>( )(

6)+'( -".%( 2)*.( <( #*( ,3./)55( 2".)$./7( R%.( 9,056( #%#-#)55+( -"#%4( -")-( *02"( )( -"/.*",56(

9,056( :.( .%,0&"7( <0-( #-( -0/%*( ,0-( -")-( -"#*( #*( %,-( %.2.**)/#5+( -".( 2)*.( #E( #%M-/)%*#-(

#%3.%-,/+(2,*-*()/.(E)2-,/.6(#%7((

(

G,( 2,1$0-.( #%M-/)%*#-( #%3.%-,/+( 2,*-*( E,/( -"#*( 2)*.'( 9.( "+$,-".-#2)55+( )**01.( -")-(

2)/&,( 2)//#.6( :+( -".*.( 3.**.5*( 2,%*#*-*( ,E( "#&"( 3)50.'( #%60*-/#)5( $/,602-*( ;.7&7'(

2,1$0-./*'(50D0/+(2)/*'(,/(*#1#5)/A'(9",*.()3./)&.(3)50.()-(-".(6.*-#%)-#,%(;KFO($/#2.A(#*(

uXW'WWWe-,%%.7(g.()5*,()**01.(-".(2,*-(,E(2)$#-)5(:.#%&(?�7(G"#*(1.)%*(-")-(,%.(6)+(

,E( 6.5)+( ,E( ,%.( -,%%.( ,E( 2)/&,( 9,056( .%-)#5( )%( #%3.%-,/+( 2,*-( ,E( FK( vU8eV@Y( v(

XW'WWWxW7W?eV@Y(v(u\7V?7(G"#*(1)+(%,-(*..1(5#4.()(*#&%#E#2)%-(E#&0/.'(:0-(#-(#*7((

(

K,1$0-#%&(-".(#%M-/)%*#-(#%3.%-,/+(2,*-*(E,/(-"#*(2)*.(&#3.*()(-,-)5()%%0)5(6#EE./.%2.(,E(

uXWW'WWW'WWW(;u\'XWW'WWW'WWWMu\'WWW'WWW'WWWA(#%(E)3,/(,E(2)*.(L'(9"#2"(1,3.*(2)/&,(

E)*-./7( ( G"#*( E#&0/.( #*( *#&%#E#2)%-'( ,E( -".( *)1.( ,/6./( ,E( 1)&%#-06.( )*( -".( E0.5( 2,*-(

6#EE./.%-#)57(

(

L**01#%&( )5*,( )( -#1.( 2")/-./( /)-.( ,E( uXY'WWW( $./( 6)+( ;-+$#2)5( 2")/-./( /)-.( E,/( )(

U)%)1)D( 2,%-)#%./*"#$( #%( XWW`A'( -".( -,-)5( ,-"./( ,$./)-#,%)5( 2,*-*( ,E( -".( /.602.6(

*$..6(*2.%)/#,()/.(u>Y?'=XY'WWW($./(+.)/(E,/(=WY(*"#$*'(3./*0*(u>=X'YWW'WWW(E,/(=WW(

*"#$*(&,#%&(E055(*$..67(G)55+#%&(0$(9.(E#%6()(%.-(6#EE./.%-#)5(,E(u=='\`?'`\=($./(+.)/(#%(

E)3,/(,E(K)*.(='(1.)%#%&( -")-( #%M-/)%*#-( #%3.%-,/+()%6(,-"./(,$./)-#,%)5( 2,*-*(,EE*.-(

-".($,*#-#3.(6#EE./.%2.(#%(E0.5(2,*-*7((

(

RE(2,0/*.'(,-"./(*2.%)/#,*(1)+(+#.56(6#EE./.%-(/.*05-*'()%6(-".(/.602.6(*$..6(*2.%)/#,(

1)+(*-#55($/.3)#5(#%(-./1*(,E(,3./)55(2,*-'(0%6./(6#EE./.%-((2#/201*-)%2.*7((O,/(#%*-)%2.'(

#E( -".()3./)&.( 3)50.(,E( -".( 2)/&,( #*( u=W'WWWe-,%%.'( )%6(.3./+-"#%&(.5*.( #*( -".( *)1.'(

-".%( -".( 6#EE./.%2.( #%( )%%0)5( #%3.%-,/+( 2,*-*( 6/,$*( -,( u=WW'WWW'WWW'( /.%6./#%&( -".(

/.602.6( *$..6( *2.%)/#,( )( $/,E#-):5.( $/,$,*#-#,%( ;9#-"( )( -,-)5( 2,*-( /.602-#,%( ,E(

u??'YX='XY>($./(+.)/A7(L2-0)55+'(*$..6(/.602-#,%(/.1)#%*($/,E#-):5.(#E(-".(3)50.(,E(-".(

2)/&,(#*(%,(1,/.(-")%():,0-(u=?'?WWe-,%%.(;9"#2"(2)%(:.(2,%*#6./.6()*()(:/.)4M.3.%(

KFO($/#2.A7(

(
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Q)%+(,-"./(3)/#)%-*(,E(-"#*(*2.%)/#,(2)%(:.(*-06#.67(O,/( #%*-)%2.'(9.(2)%( #%3.*-#&)-.(

-".(.EE.2-(,E(/.602.6(E0.5($/#2.*()%6(/.602.6(-#1.(2")/-./(/)-.*(;)*(9)*(-".(*#-0)-#,%(

#%(5)-.(XWW?A7(FE(-".($/#2.(,E(E0.5(6/,$*(-,(uXYWe-,%%.()%6(-".(6)#5+(2")/-./(/)-.(6/,$*(

-,( u=Y'WWW( )( 6)+'( -"#*( *$..6( /.602-#,%( *2".1.( #*( 0%$/,E#-):5.( E,/( :,-"( -".(

uXW'WWWe-,%%.()%6(-".(u=W'WWWe-,%%.(KFO(2)/&,($/#2.*'($./")$*(/.E5.2-#%&(-".(/.602.6(

$,-.%-#)5(E,/(*)3#%&*(#%(E0.5(2,*-*(#E(E0.5($/#2.*()/.(5,97(F%(-"#*(*2.%)/#,'(-".(:/.)4M.3.%(

KFO( $/#2.( ,E( -".( 2)/&,( ;:.5,9(9"#2"( /.602#%&( *$..6( #*( $/,E#-):5.A(9#55( 6/,$( -,( ):,0-(

u`'WWWe-,%%.7((

(

^,9(102"(9,056(#-(2,*-(-,()3./-(,%.(-,%%.(,E(KRX(E,/(-".(9",5.(E5..-(E,/(-".($/.3#,0*((

*$..6(/.602-#,%k(g.(*")55(0*.(Nf7(Y7?'(*..(!.2-#,%(Y7@7X7(

(

O,/(-".(2,%-)#%./*"#$(.D)1$5.(,E((U*)/)E-#*()%6([,%-,3)*(;XWW>:A'(-".(KLGK(3)50.*(E,/(

*,1.(,E(-".(*2.%)/#,*(.D)1#%.6()/.()*(E,55,9*(;G):5.(YMVAT(

(

G):5.(YMVT(J)50.*(,E(KLGK(;U*)/)E-#*()%6([,%-,3)*(;XWW>:A(

!2.%)/#,( KLGK((((

(;ue-,%%.(,E(KRX()3./-.6A(

$vu@WWe-,%%.(

UvuXW'WWWe-,%%.(

RKvuXY'WWWe6)+(

>7X?(

$vu@WWe-,%%.(

Uvu=W'WWWe-,%%.(

RK(vuXY'WWWe6)+(

M`=7Y@(

$vuXYWe-,%%.(

UvuXW'WWWe-,%%.(

RK(vu=Y'WWWe6)+(

=W\7>\(

$vuXYWe-,%%.(

Uvu=W'WWWe-,%%.(

RK(vu=Y'WWWe6)+(

X\7=W(

(

G"#*( -):5.( 2,%E#/1*( -")-( KLGK( 2)%( 3)/+(9#6.5+7( F-( #*( )5*,( #%-./.*-#%&( -,( %,-.( -")-( -".(

6#EE./.%2.(#%(KLGK(:.-9..%(-".(=
*-
()%6(X

%6
(*2.%)/#,( #*(-".(*)1.()*(-")-(:.-9..%(-".(

V
/6
()%6(\

-"
(*2.%)/#,(;u?W7?\e-,%%.(#%(:,-"(2)*.*A7(G"#*(#*(%,-()(2,#%2#6.%2.'()%6(2)%(:.(

.D$5)#%.6( :+( -".( *-/02-0/.( ,E( .D$/.**#,%( Y7?7F%( -".*.( .D)1$5.*'( -".( #%E50.%2.( ,E( #%M

-/)%*#-(#%3.%-,/+(2,*-*(#%(-".(3)50.(,E(KLGK(2)%()5*,(:.(*..%(25.)/5+7((G"#*(1.)%*(-")-(

$./")$*(,%.(,E(-".(:#&&.*-(,:*-)25.*(-")-(%..6*(-,(:.(,3./2,1.(#*(-".(0%9#55#%&%.**(,E(

-".( 2)/&,( ,9%./*( -,( #%20/( #%3.%-,/+( 2,*-*( E,/( -".#/( 2)/&,.*7( R$-#1#S.6( /,0-#%&'(

5,&#*-#2*'()%6(,-"./(,$./)-#,%)5(1.)*0/.*(-")-(9,056(/.602.(-"#*(#%3.%-,/+(2,*-*(9,056(

:.(#1$,/-)%-7(
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(

L*( /.&)/6*(9")-( -"/.*",56(2,%2.#3):5+(.D#*-*( E,/(KLGK'( -")-( #*'(0%6./(9")-( ;$,*#-#3.A(

3)50.(,E(KLGK()(*$..6(/.602-#,%(*2".1.(9,056(*-#55(:.(2,%*#6./.6(6.*#/):5.'(-"#*(#**0.(

#*(20//.%-5+(,$.%()%6( #-( #*(%,-()%(.)*+(,%.(-,()66/.**7(O,/(.D)1$5.'( #%()(2,%2.#3):5.(

KRX(N1#**#,%*(G/)6#%&(!2".1.(;NG!A(E,/(*"#$$#%&'()(1,%.-)/+(3)50.(9,056(:.($0-(,%()(

$./( -,%%.( :)*#*'( E,/( #%*-)%2.'( uVWe-,%%.( ,E( KRX( )3./-.6'( )%6( .1#**#,%*( /.602-#,%(

1.)*0/.*( 9,056( :.( .3)50)-.6( )&)#%*-( *02"( )( -"/.*",567( R-"./( $,**#:5.( -"/.*",56*(

9"./.( $/.*.%-.6( #%( !.2-#,%( Y7V7( _,-.( )&)#%'( -")-( :.*#6.*( 2,%*-)%-( 1)/4.-( $/#2.*'(

6)1)&.*( E/,1($,550-#,%()/.()(%,%( 5#%.)/( E0%2-#,%()%6'( -"0*'(2,*-(.EE.2-#3.%.**( /)-#,*(

*",056(:.(0*.6(9#-"(2)0-#,%7(

(

G".( 2,%2.$-( ,E( KLGK'( )*( 6.E#%.6( ):,3.'( 2)%( :.( &.%./)5#S.6( -,(1.)*0/.*( ,-"./( -")%(

*$..6(/.602-#,%(;*..(-".(Q)/&#%)5(L:)-.1.%-(K,*-($/.*.%-.6(#%(-"#*(!.2-#,%A'()%6(2)%(

:.()(0*.E05(2,%2.$-(E,/(-".(.3)50)-#,%(,E($,5#2+(,/(,-"./()5-./%)-#3.*7((

(
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6  
VALUATION FUNCTIONS INTO RISK 
ASSESSMENT: THEORY AND EXAMPLES 

J)50.*(:)*.6(,%(-".($/.3#,0*(!.2-#,%*(2)%(:.(0*.6()*()(20-M,EE(/)-.(E,/($./(0%#-(2,*-*(

-,( )3./-( ( #%( -".( )**.**1.%-( ,E( .2,%,1#2( 1#-#&)-#,%( $,-.%-#)5*C( -")-( #*( -".( 2,*-M

.EE.2-#3.%.**(-"/.*",56'(-".(5)16)(;ÄA(3)50.(-")-(9)*($/.*.%-.6(#%(K")$-./(X7(^,9.3./'(

)*( 6#*20**.6( ):,3.( -".( $/.E.//.6( 9)+( -,( )22.**( /#*4*( -")-( ")3.( 105-#$5.( .EE.2-*( #*(

-"/,0&"( K,*-( <.%.E#-( L%)5+*#*7( Z024#5+( .%,0&"'( #%(1)/#-#1.( /#*4( )**.**1.%-( #-( #*( 3./+(

*-/)#&"-E,/9)/6( -,( 2,%3./-( KNL( #%-,( K<L7( G"0*'( 3)50.*( -")-(9./.( $/.3#,0*5+( 0*.6( )*(

KNL(-"/.*",56*(2)%(:.(0*.6()*($/.(0%#-($/#2.*(9".%($./E,/1#%&()(K<L7(

(

G"#*(K")$-./($/.*.%-*()(",5#*-#2()$$/,)2"( -,( -".( /#*4()**.**1.%-( E/)1.9,/4( E,20*#%&(

,%(*,1.(0*.E05( #%*#&"-*(,%(",9(-,(#%2,/$,/)-.(-".(3)50)-#,%(,E(-".(.EE.2-*(-")-(9./.(

6#*20**.6( #%( -".($/.3#,0*( -"/..( *.2-#,%*(9#-"#%( /#*4( )**.**1.%-( E/)1.9,/4*7( J)/#,0*(

.D)1$5.*( )/.( $/.*.%-.6( )%6'( E#%)55+'( -".( &.%./)5#S.6( -".,/.-#2)5( E/)1.9,/4( #*(

$/.*.%-.67(

(

%"' A simplified example$
G,( *-)/-(9#-"'( -".( E,55,9#%&($/,:5.1( #550*-/)-.*( )( *#1$5.(9)+(,E( 0*#%&( -".(%,%( 5#%.)/(

E0%2-#,%( #%( .*-#1)-#%&( -".( .EE.2-#3.%.**( ,E( 8KR*( )%6( #*( )(1,6#E#2)-#,%( ,E( )( $/,:5.1(

$/.*.%-.6(#%([/#*-#)%*.%(;XWWYA7(

(

\$%EB/F*;<)*.6(,%([/#*-#)%*.%(;XWWYAAM**L(*",/.M:)*.6(/.E#%./+(/.2.#3.*(2/06.(,#5(E/,1(

)(*1)55(-)%4./7(8#*4()%)5+*#*(")*(*",9%(-")-(-".($/,:):#5#-+(,E()(*$#55(60/#%&(,EE5,)6#%&(

#*(ÄvV(=W
MV
(*$#55*($./(+.)/()%6()**01.(-")-(-"./.( #*(,%5+(,%.(*02"(,$./)-#,%($./(+.)/7((

G".( )3./)&.( *#S.( ,E( -".( ,#5( *$#55( -")-( 1)+( ,220/( )*( )( /.*05-( ,E( *02"( )%( #%2#6.%-( #*(

.*-#1)-.6(-,(:.(=WW(-,%%.*7(G".(2,*-(,E(-".(*$#55(;9"#2"(#*(-".(:.%.E#-((,E()3./-#%&()%(,#5(

*$#55A(#*(&#3.%(:+(-".(E,55,9#%&(E,/105)(T(

(

K,*-(v(Y='\VXJ
QU50c

;#%(b!B'(#E(J(#*(#%(-,%%.*A(

(
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G".( /.E#%./+( #%3.*-#&)-.*( -".( 2,*-M.EE.2-#3.%.**( ,E( )%( )63)%2.( ,EE5,)6#%&( #%*-)55)-#,%(

-")-( 9#55( /.602.( -".( $/,:):#5#-+( ,E( )%( )22#6.%-( -,( =7Y( =W
MV
( *$#55*( $./( +.)/( )%6( #-*(

2,%*.f0.%2.( -,( YW( -,%%.*( ;,/( YW�( /.602-#,%( #%( :,-"( $/,:):#5#-+( )%6( 2,%*.f0.%2.A7(

G".(2,*-(,E(-"#*(6.3#2.(#*(XW'WWW()%6(")*()(5#E.-#1.(,E(=W(+.)/*7(L**01.(-")-(20//.%-5+(

-"./.(#*(%,()63)%2.(,EE5,)6#%&(#%*-)55)-#,%()%6(-")-(-".(/#*4(9#-"()%6(9#-",0-(-".(%.9(

#%*-)55)-#,%(#*()22.$-):5.(:)*.6(,%(-".(LZL8U($/#%2#$5.7(ND)1#%.(#E(-".(#1$5.1.%-)-#,%(

,E( -".( 6.3#2.( *",056( :.( /.2,11.%6.6( :)*.6( ,%( 2,*-( :.%.E#-( )%)5+*#*( )**01#%&( )(

6#*2,0%-(/)-.(,E(Y�($./(+.)/7(

(

6%B'#;%"M***

*

G".(20//.%-(/#*4(#*(

(

LE-./(-".(%.9(,EE5,)6#%&(#%*-)55)-#,%(-".(/#*4(9#55(:.(

(

(

9"#2"(1.)%*()(/#*4(/.602-#,%(,E(((( (

(

G".%( U/.*.%-( J)50.( ,E( -".( :.%.E#-( ,E( -"#*( %.9( #%*-)55)-#,%( ;-")-( .f0)5*( -,( -".(

6#*2,0%-.6(6)1)&.(2,*-(,E(-".(,#5(*$#55(#E(-".(,#5(*$#55(,220//.6A(#*(

(

(

R:3#,0*5+'(-"#*( #*(1,/.(-")%(-".(_.-(U/.*.%-(3)50.(,E(-".(#1$5.1.%-)-#,%(2,*-(,E(-".(

/#*4(2,%-/,5(,$-#,%(9"#2"(#*(XW'WWW(b!B()%6(-"./.E,/.(-".(%.9(,EE5,)6#%&( #%*-)55)-#,%(

*",056(:.(/.2,11.%6.67((

*

%"( Incorporating a non linear function within FSA$
K0//.%-5+( )55( O!L( *-06#.*( )**01.( )( 5#%.)/( /.5)-#,%*"#$( :.-9..%( -".( 2,*-( ,E(

2,%*.f0.%2.*()%6(1)&%#-06.(,E(2,%*.f0.%2.*C(-"0*(-"./.(#*()%(#1$5#.6()**01$-#,%(,E(

2,%*-)%-( 2,*-( $./( 0%#-( ,E( 2,%*.f0.%2.7( L*( 6#*20**.6( ):,3.( -".( 0*.( ,E( %,%( 5#%.)/(

E0%2-#,%*(-,(.*-#1)-.(-".(6)1)&.(,E(,#5(*$#55*(")*(,$.%.6()(%.9(2")$-./(E,/(O!L7(!,1.(

E#/*-( -",0&"-*( ,%( -".( 9)+( -")-( )( %,%M5#%.)/( E0%2-#,%( 2)%( :.( 0*.6( 9#-"#%( O!L( 9./.(

.D$/.**.6(:+(d)1)6)()%6([)%.4,(;XW=WA7(^,9.3./'(-"#%&*()/.(.)*#./(*)#6(-")%(6,%.7(

3 0.7283 10 51,432 100 4,409.15! " # " # " #
= $ = % $ % =& ' & ' & '

( ) ( ) ( )
o o o

spills USD USD
R P C

year spill year

3 0.7281.5 10 51,432 50 1,330.99! " # " # " #
= $ = % $ % =& ' & ' & '

( ) ( ) ( )

spills USD USDR P C
year spill year

3,078.16
! "

# = $ = % &
' (

o
USD

R R R
year

10

1

(1 ) 1( ) 23,768.72
(1 ) (1 )

=

=

! + "
! = = = ! # =

+ # +$
NN

N N
i

R iR PV B R USD
i i i
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G"#*(!.2-#,%(9#55($/.*.%-(*,1.(#%#-#)5(-",0&"-*(,%(-".(*0:P.2-7(G".%()%(.D)1$5.(9#55(:.(

&#3.%( :)*.6( ,%( -".( O!L( ,%( -)%4./*( -")-( 9)*( $/.$)/.6( :+( !LONBR8( )%6'( E#%)55+'( )(

&.%./)5#S)-#,%(,E( -"#*(1.-",6(9#55(:.($/,$,*.67(_,-.(-")-( #%( -"#*(!.2-#,%(/.E.//#%&( -,(

HO!L(,%(-)%4./*I(1.)%*(-".(O!L(,%(2/06.(,#5(2)//#./*((-")-(9)*(2)//#.6(,0-(:+(!LONBR8(

)%6(*0:1#--.6(-,(-".(FQR(:+(B.%1)/4'(*..(6,27(QNUK(Y?e=`eX7((

(

O#/*-(,E()55'()**01.(-")-(-".(*$#55(2,*-(E0%2-#,%(#*(&#3.%(:+(-".(E,/105)($/,602.6()E-./(

/.&/.**#,%()%)5+*#*(,E(FRUKO(6)-)((9"#2"(#*()*(E,55,9*(;[,%-,3)*(.-()57'(XW=WAT(

(

+%?#*8i=*j*37T210i*QU50c;#%(b!B'(#E(J(#*(#%(-,%%.*A(

*

G".(0*.(,E(-"#*($)/-#205)/(E0%2-#,%(2)0*.*(%,(5,**(,E(&.%./)5#-+'()*()%+(,-"./(E0%2-#,%(,E(

3,501.(2)%(:.(-/#.67((G".*.(#%2506.(-".(,%.(0*.6(:+(d)1)6)(;l)$)%A'(-".(,%.(0*.6(:+(

U*)//,*( .-( )5( ;B_J'(_,/9)+A(,/( )%+(,-"./7(_,-.(",9.3./( -")-( -".( ):,3.( E0%2-#,%(,E(

,0/*(9)*(2",*.%(:+(QNUK(@W()*()(-.*-(2)*.(E,/(E0/-"./()%)5+*#*(;*..(/.$,/-(,E(QNUK(@W'(

)&.%6)( #-.1(=`A7(G".(E0%2-#,%(9)*(2",*.%()*( #-(9)*( P06&.6()*(-".(1,*-(2,%*./3)-#3.(

)1,%&( -".( V( %,%M5#%.)/( E0%2-#,%*'( -")-( #*'( $/,602.*( "#&"./( 2,*-( 3)50.*( )1,%&( )55( V(

E0%2-#,%*7(

(

8KR(.3)50)-#,%(:+(2,1$)/#%&(-".(:.%.E#-*(;6./#3.6(:+(0*#%&()(E0%2-#,%A()%6(-".(2,*-*(

#*'( #%(-".,/+'($/.*.%-.6( #%(U*)/)E-#*;XWW?A()%6([,%-,3)*(.-()57( ;XW=WA7(d)1)6)(;XWW>A'(

^)11)%%( )%6( Z,./( ;XW=WA( )%6( d)1)6)( )%6( [)%.4,( ;XW=WA( $/.*.%-.6( )( 9)+( -,(

#%2,/$,/)-.()(%,%M5#%.)/(2,*-(E0%2-#,%(9#-"#%(O!L7(G".(5)--./($)$./(E,/1*(-".(:)*#*(,E()(

/.5.3)%-(*0:1#**#,%(-,(-".(FQR'(*..((6,27(QNUK(Y>e=`e=(-")-(9)*(*0:1#--.6(:+(l)$)%7(

<,-"( 6,201.%-*( $/.*.%-( )( 9)+( -")-( -".+( 2,056( :.( 0*.6( -,( 2)5205)-.( -".( :.%.E#-7(

^,9.3./'( #%( /.)5#-+( -"#%&()/.()( 5#--5.(:#-(1,/.( 2,1$5#2)-.6()*( #-(9#55( :.( *",9%( #%( -".(

.D)1$5.(-")-(9#55(E,55,9'(*..(!.2-#,%(@7V7(

(

F%()$$.%6#D(Y(,E(-".(2,%*,5#6)-.6(O!L(a0#6.5#%.*(;*..(6,27(Q!K(?VeF_O7XA(*,2#.-)5(/#*4(

#*(6.E#%.6()*(60@+&(=+2(5+&21/3.&1%&0+2C/&$7&7(0()101+/.&+#A+21+%8+*&;:&(&E@$)+&52$9A&$7&
A+$A)+&K+?5?82+E.&A$20&+CA)$:++/.&$2&/$81+0:&(0&)(25+L&+#A$/+*&0$&(%&(881*+%0&/8+%(21$>(
)%6(#*(0*0)55+(.D$/.**.6()*(\%#/"#;-B*[%??*%<*[;</*8\[[=(9"#2"(#*(6.E#%.6()*(-".(.D$.2-.6(

3)50.(,E(-".(%01:./(,E(E)-)5#-#.*($./(+.)/7(F%()(*#1#5)/(9)+'(-".(O!L(,%(-)%4./*(6.E#%.*(

\[+*8\%#/"#;-B*[%??*%<*+-$L%=*)*(-".(.D$.2-.6(f0)%-#-+(,E(/.5.)*.6(,#5(*$#55)&.(#%(-./1*(

,E(-,%%.*($./(*"#$(+.)/7(

(

G".(.3.%-( -/..( *-/02-0/.(,E( -".(O!L(,%( -)%4./*(")*()( -,-)5(,E(?X( *.f0.%-#)5( *2.%)/#,(

:/)%2".*( 9#-"( %,%MS./,( E/.f0.%2+'( XW( *2.%)/#,( *.f0.%2.( :/)%2".*( ,E( 9"#2"( )/.(
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)**,2#)-.6(9#-"(,#5(*$#55(,220//.%2.7(O,/(.%3#/,%1.%-)5(6)1)&.'(.D$.2-.6(f0)%-#-+(,E(

/.5.)*.6(,#5(*$#55)&.()/.()5*,(6./#3.6()%6(*011)/#S.6(#%(-".(.3.%-(-/..(1,6.57(

(

G".(E,55,9#%&(O#&0/.( #*(-)4.%(E/,1(-".(*0:1#**#,%(,E(l)$)%(;6,27(QNUK(Y>e=`e=A()%6(

$/.*.%-*( )(9)+( -")-( -".( )0-",/*(:.5#.3.( -")-( )(%,%M5#%.)/( E0%2-#,%( 2,056(:.(0*.6( -,(

.*-#1)-.(-".(:.%.E#-*(,E(-".(8KR7(

(

(
O#&7(@M=T((F550*-/)-#,%(,E()$$5#2)-#,%(,E(3,501.M6.$.%6.%-(KLG!(#%(/.5)-#,%(-,()%(.3.%-(-/..(

!,0/2.T(6,27(QNUK(Y>e=`e=()%6(d)1)6)()%6([)%.4,(;XW=WA(

(

(

_,-.( -")-( -".( ,/#&#%)5( %,-)-#,%*( ,E( 6,27( QNUK( Y>e=`=e=( )/.( *5#&"-5+( 6#EE./.%-( -")%(

-",*.( #%(,0/( 2,*-( E,/105)*7( O,/(.D)1$5.'( -".(,#5( *$#55( 3,501.( #*(6.%,-.6()*(g( #%( -".(

E#&0/.():,3.()%6()*(J(#%(,0/(E,/105)*7(

(

L22,/6#%&(-,(d)1)6);XWWDA'(/#*4(NÜKá(9"#2"(#*(-".(.D$.2-.6(:.%.E#-(E/,1()3./-#%&()%(,#5(

*$#55(2,056(:.(6.E#%.6()*(T(

(

(((((((((;>A(

(

9"./.(U#'K#()%6(g#(6.%,-.(-".($/,:):#5#-+(,E()%(,#5(*$#55'(2,*-*(,#(-".(,#5(*$#55(Üb!uá()%6(-".(,#5(

*$#55(*#S.(Ü-,%%.*á(E,/(.3./+($,**#:5.(*2.%)/#,(#(;v)(*.f0.%2.(#(,E()%(.3.%-(-/..A7(KLG!(#*(-".($./(

0%#-(-,-)5(2,*-(,E(-".(,#5(*$#55(#'(9"#2"(9".%(105-#$5#.6(9#-"(-".(*$#55(*#S.(&#3.*(-".(-,-)5(2,*-(,E(

-".(,#5(*$#557(

(

( ) ( )[ ] ( ) ( ) [ ] ( )= ! = ! ! = !" " "i i i i i iE C P C P W CATS W EW CATS W
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O#/*-(,E()55'(%,-.(-")-(-"#*(1.-",6*()**01.*(-")-(-".(Ä(-"/.*",56(E,/()**.**#%&(/#*4(E/,1(

,#5( *$#55*( ;KLG!A( #*( )**01.6( -,( :.( .f0)5( -,( -".( $./( -,%%.( 3)50.( ,E( )%( ,#5( *$#557(

O0/-"./1,/.'(#-(#*()**01.6(-")-(-"#*(3)50.(#*(%,-(2,%*-)%-(:0-(6.$.%6*(,%(-".(,#5(*$#55(

*#S.7(Q,/.(*$.2#E#2)55+(#-()**01.*()(%,%M2,%*-)%-(-"/.*",567(G".(KLG!;g#A(#*(,:3#,0*5+(

-".(6./#3)-#3.(,E(-".(2,*-(E0%2-#,%7(

(

O,/(.)2"(*.f0.%2.(-".(.D$.2-.6(%01:./(,E(-,%%.*(-")-(9#55(:.()3./-.6(#*(2)5205)-.6()*(

-".($/,602-(,E(-".(E/.f0.%2+(,E(-".(.3.%-(;U#A()%6(-".()3./)&.(2,%*.f0.%2.*(;g#A()%6(

#*($/.*.%-.6()*(NÜgá7(G"#*( #*(UZK(3)50.( E,/(.)2"(*.f0.%2.7(G"#*(3)50.(*",056( -".%(:.(

105-#$5#.6(9#-"(-".($./(-,%%.(2,*-(;9"#2"(#*()(E0%2-#,%(,E(-".(*$#55(3,501.A(-,(.*-#1)-.(

-".(/#*4(;(6.%,-.6()*(NÜK#á(A( ()%6(:+(*011#%&()55(-".(/.5.3)%-(*.f0.%2.*(-".(-,-)5(/#*4(

1)+(:.(,:-)#%.67(G".(.D$.2-.6(2,*-(*",056(:.(.*-#1)-.6(:.E,/.(-".( #1$5.1.%-)-#,%(

,E(-".(8KR()%6()E-./(#-7(

(

L22,/6#%&(-,(d)1)6)()%6([)%.4,(;XW=WA'()%(8KR(2)%(:.(/.&)/6.6()*(2,*-M.EE.2-#3.( #E(

-".(E,55,9#%&(E,/105)(#*(*)-#*E#.6(

|}M|!{W(

9"./.( |}( #*( -".( :.%.E#-( :+( #1$5.1.%-#%&( -".( 8KR( 9"#2"( #*( -".( /#*4( /.602-#,%( ;#%(

1,%.-)/+( 0%#-*A( )%6( |!( #*( -".( 2,*-( ,E( #1$5.1.%-#%&( -".( 8KR7( |}( #*( .f0)5( -,( -".(

.D$.2-.6(2,*-(,E()%(,#5(*$#55(:.E,/.(-".(#1$5.1.%-)-#,%(,E(-".(8KR(;(NÜK,/&á(A()%6()E-./(;(

NÜK%.9á(A7(

G"./.E,/.'((-".(2/#-./#,%(:.2,1.*(((((((((((|!(~|<(v(NÜK,/&á(M(NÜK%.9á(

(

F%( &.%./)5'( -"#*( #*( )( 2,//.2-( )$$/,)2"( )5-",0&"( -".( $/,2.60/.( %..6*( *,1.( E0/-"./(

25)/#E#2)-#,%7( O#/*-( ,E( )55'( #%( /.)5#-+'( -".( 6#*2,0%-.6( 2,*-*( )%6( :.%.E#-*( *",056( :.(

2,1$)/.67( O0/-"./1,/.'( #%(1,*-( O!L( *-06#.*( *0:1#--.6( -,( -".( FQR( -".( .3.%-( -/..*(

")3.( %,-( :..%( /.2)5205)-.67( F%(1,*-( 2)*.*'( -".( 8KR(9)*( )**01.6( -,( ./)*.( -".( /#*4(

;9"#2"(1.)%*(NÜK%.9á(.f0)5(-,(S./,A(,/()(/#*4(/.602-#,%()*()($./2.%-(,E(-".(#%#-#)5(/#*4(

9)*(.*-#1)-.6(:+(.D$./-(P06&1.%-7((

(

O#%)55+'(%,-#2.(-")-(-".(d)1)6)()%6([)%.4,(;XW=WA(2,11.%-(,%(-".(.f0#3)5.%2+(,E(-".(

2,*-(.EE.2-#3.%.**(2/#-./#,%()%6(-".(2,*-(:.%.E#-(2/#-./#,%()5-",0&"(#-( 5)24*(-".,/.-#2)5(

.3#6.%2.( )*( -".( ,%.( $/.*.%-.6( #%( -"#*( 9,/4'( *..( K")$-./( X7( F%( )66#-#,%'( -".( 2,*-(

E0%2-#,%( ;K,*-;JAA(2,056(:.(0*.6( -,(.*-#1)-.( -".(.D$.2-.6(:.%.E#-(:+(105-#$5+#%&( -".(

$/,:):#5#-+(U#(9#-"(K,*-(;g#A7(b*#%&(-".(%,%(5#%.)/(2,*-(E0%2-#,%(,/(-".($./(-,%%.(2,*-(

E0%2-#,%()%6(105-#$5+#%&(9#-"(-".(.D$.2-.6(,#5(*$#55(+#.56*(-".(*)1.(/.*05-7(^,9.3./'(#-(

9#55( :.( 2,11.%-.6( 5)-./( -")-( )55( -".( $/,:5.1*( -")-( -".( 0*.( ,E( %,%M5#%.)/( E0%2-#,%(

2)//#.*( 2)%(:.(.5#1#%)-.6(:+(0*#%&()($#.2.9#*.( 2,%*-)%-( E0%2-#,%7(G")-(9)+( 2,%*-)%-(

3)50.*(9#55(:.(6./#3.6(E,/(.)2"(3,501.(/)%&.7(
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%"! A hypothetical example based on the FSA on tankers$
QNUK(Y?eF_O7X( (9)*( *0:1#--.6(:+(B.%1)/4( )%6($/.*.%-*( )( "#&"M5.3.5( O,/1)5( !)E.-+(

L**.**1.%-($./-)#%#%&(-,(5)/&.(,#5(-)%4./(*"#$*(-")-(9)*(2)//#.6(,0-(:+(-".(NbME0%6.6(

$/,P.2-(!LONBR87(G".(*-06+($./E,/1*()%( #6.%-#E#2)-#,%()%6($/#,/#-#S)-#,%(,E( -".(1,*-(

#1$,/-)%-( *2.%)/#,*( ,E( 5)/&.( -)%4./( )22#6.%-*( )%6( 2,%-#%0.*( 9#-"( )( 6.-)#5.6(

#%3.*-#&)-#,%(,E(-".(2)0*.*()%6(2,%*.f0.%2.*(,E(-".*.(*2.%)/#,*7( F%()66#-#,%'(-".(/#*4(

5.3.5(,E(-".(,$./)-#,%(,E(2/06.(,#5(2)//#./*(9)*()**.**.6(#%(,/6./(-,(( #6.%-#E+("#&"(/#*4(

)/.)*()%6(-,($/,$,*.( (%.9(/#*4(2,%-/,5(,$-#,%*(;8KR*A7( F-(9)*(E,0%6(-")-(-".(20//.%-(

/#*4(5.3.5*(,E(5)/&.(,#5(-)%4./*(,E(6,0:5.("055(2,%*-/02-#,%(9#-"(/.*$.2-(-,(-".($,-.%-#)5(

5,**( ,E( 2/.9( )%6( ,#5( 2)/&,( )$$.)/.6( -,( :.(9#-"#%( -".( LZL8U( /.&#,%7( O0/-"./1,/.'( )((

%01:./(,E(8KR*(%)1.5+(`7=(;.%")%2.6(2)/&,(-)%4(*0:6#3#*#,%A'(`7X(;#%2/.)*.6(6,0:5.(

:,--,1(".#&"-A()%6(`7V(;#%2/.)*.6(*#6.(-)%4(9#6-"A(9./.(E,0%6(-,(:.((2,*-M.EE.2-#3.(E,/(

%.9M:0#5-(-)%4./*(,E()55(*#S.*(2,%*#6./.6(;U)%)1)D'(LE/)1)D'(!0.S1)D()%6(JZKKA'(9#-"(

-".(.D2.$-#,%(,E(8KR(`7X((9"#2"(#*(E,0%6(%,-(-,(:.(2,*-M.EE.2-#3.(E,/(JZKK*7(G".(/.)6./(

#*(/.E.//.6(-,(-".(*-06+(E,/()(E055(5#*-(,E(/.2,11.%6)-#,%*7(

(

R0/("+$,-".-#2)5(.D)1$5.(6.)5*(9#-"(2,%-)2-'(9"#2"(#*(,%.(,E(-".(*2.%)/#,*(.3)50)-.6(

#%( -"#*( O!L7( K,%-)2-( .3.%-*( 2,%*#*-( ,E( *2.%)/#,*(9"./.( -".( 3.**.5( )22#6.%-)55+( 2,1.*(

#%-,( 2,%-)2-( 9#-"( )( E5,)-#%&( ,:P.2-( ,/( )( E#D.6( #%*-)55)-#,%7( Q,*-( 2,%-)2-*( -)4.( $5)2.(

9#-"#%(2,%&.*-.6(9)-./*(9#-"(6.%*.(*"#$(-/)EE#2'(2/,**#%&(/,0-.*()%6()/.)*(9#-"( 5)/&.(

*"#$( *$..6( 3)/#)-#,%*7( G".( :)*#2( 2)0*.*( )/.( :.2)0*.( ,E( :)6( 3#*#:#5#-+'( %)3#&)-#,%)5(

$/,:5.1*(*02"()*("01)%(.//,/*(,/(.f0#$1.%-(E)#50/.(*02"()*(/)6)/(E)#50/.'(*-../#%&(,/(

$/,$05*#,%(E)#50/.7(G".(E,55,9#%&(c0)5#-)-#3.(/#*4(1,6.5($/.*.%-*(-".(.3.%-(*.f0.%2.(,E(

)(2,%-)2-(,E()(-)%4./(9#-"()(E5,)-#%&(,:P.2-(;*02"()*( #2.:./&(,/()(:,+A(,/(9#-"()(E#D.6(

#%*-)55)-#,%(;E,/(.D)1$5.()%(,EE*",/.(-./1#%)5(,/(/,24*A7((

*
O#&7(@MX(T((N3.%-(*.f0.%2.(#%(2,%-)2-(/#*4(1,6.5(,E()%(R#5(G)%4./((;!,0/2.T(QNUK(Y?eF_O7XA(

(
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G".( ( "#&"M5.3.5( .3.%-( -/..(1,6.5( E,/( 2,55#*#,%( )22#6.%-*( ")*( :..%( .5):,/)-.6( ,%( -".(

:)*#*(,E(-".(f0)5#-)-#3.()%6(f0)%-#-)-#3.(2,%*#6./)-#,%*()%6(")*(.3.%-(-/..(-,-)5(,E(YX(

*.f0.%-#)5(*2.%)/#,(:/)%2".*(9#-"(%,%(S./,(E/.f0.%2+'(`(,E(9"#2"()/.()**,2#)-.6(9#-"(

,#5( *$#55( ,220//.%2.7( O,/( *#1$5#2#-+'( -".( .3.%-( -/..( 9#-"( ,%5+( -".*.( `( :/)2".*( #*(

$/.*.%-.6( #%( -".( E,55,9#%&( O#&0/.7(Q,*-( $/,:):#5#-#.*( )/.( .*-#1)-.6( :+( 0*#%&( .D$./-(

P06&1.%-7(((

(

O,/( -".(2,%*.f0.%2.($)/-'( -".(%01./#2)5()3./)&.(*#S.(,E(,%.( -)%4( ;=W'`X@( -,%%.*A( #*(

)**01.6(-,(:.(-".(.D$.2-.6(,#5(,0-E5,9(#%(-",*.(*2.%)/#,*'(9"./.(p&#3.%(-".()22#6.%-(

)%6( -".( *"#$( #*( )**01.6( 5,)6.6'( -".( #%%./( "055( #*( :/.)2".6( )%6( -"./.( #*( )( *.3./.(

6)1)&.(9#-",0-(*"#$(*#%4#%&p7(O,/(*2.%)/#,*(9#-"(%,%M*.3./.(6)1)&.(-".(.D$.2-.6(,#5(

,0-E5,9(9)*(2)5205)-.6()*()($./2.%-)&.(,E(BgG(,E(-".(*"#$*(#%3,53.6()%6(9)*(.f0)5(-,(

>=X7Y(-,%%.*(E,/(2,%-)2-*(9#-"()( E#D.6( #%*-)55)-#,%()%6(W(E,/()(2,%-)2-(9#-"()( E5,)-#%&(

,:P.2-7(

(

8#*4()%)5+*#*(")*(E,0%6(-")-(-".(:)*#2(2)0*.*()/.(1)#%5+(:)6(3#*#:#5#-+'(%)3#&)-#,%)5()%6(

-.2"%#2)5( E)#50/.*7( R%.( ,E( -".( /#*4( 2,%-/,5( ,$-#,%*( -")-( 2,056( .5#1#%)-.( -".( /#*4( ,E(

2,55#*#,%(#*()(6,24#%&()#6(M()(G./1#%)5(U/,D#1#-+()%6(!$..6(!.%*,/(;)$$.)/*()*(8KR(Y(#%(

-".(O!L(,%(-)%4./*A7(F-(#*()**01.6(:+(-".()%)5+*-*(-")-(-"./.(#*(%,($./2.#3.6(/.602-#,%(

#%(-".(/#*4(,E(E)-)5#-+(60.(-,(-".(#1$5.1.%-)-#,%(,E()(6,24#%&(*+*-.17(G"#*(8KR(9#55(5.)6(

-,(-".(.5#1#%)-#,%(,E(-".(20//.%-(/#*4(]-"#*(1.)%*()(/#*4(/.602-#,%(,E(=WW�7(

(

F%(-./1*(,E($,-.%-#)5(5,**(,E(2)/&,(;UZKA'(2)5205)-#,%*(*0&&.*-(-")-(-".(8KR(9#55($/.3.%-(

=7\NMW=(-,%%.*(,E(,#5($./(*"#$(+.)/(,/((\NhWW(,3./(-".(XY(+.)/(*"#$(5#E.-#1.(E/,1(:.#%&(

*$#55.6'(*..()5*,(O#&0/.((@MX7(

(

8.&)/6#%&( -".( 2,*-*( ,E( -".( *+*-.1'( -".( O!L( *-06+( ,%( -)%4./*( *)+*( 6W@+& 8$/0& $7&
1CA)+C+%01%5& (& ^$AA)+2& 0:A+& *$831%5& /:/0+C& 1/& )(25+):& (//$81(0+*& E10@& 0@+& 1%101()&
A928@(/+&A218+&E@18@&1/&8$%/1*+2+*&0$&;+&ep\.\\\&;(/+*&$%&1%*9/02:&71592+/&A2$=1*+*&;:&
*$831%5&(1*&/9AA)1+2/?&H0@+2&A+28+1=+*&8$/0/&1%8)9*+&(%&$90)(:&$7&eS.\\\&+=+2:&71=+&:+(2/&
7$2&C(1%0+%(%8+&*921%5&*2:&*$831%5&A+21$*/.&(%*&(%&(%%9()&71592+&$7&eS\\&7$2&5+%+2()&
/A(2+/&(%*&2+A(12/?&H=+2&Pn&:+(2/&0@1/&A2$=1*+/&(&]+0&42+/+%0&'()9+&$7&e`n.`S\?>&
&
<)*.6(,%(-".(*#1$5.(.D)1$5.():,3.()%6(-".(1.-",6(-")-(9.(6.*2/#:.6(#%(-".($/.3#,0*(

*.2-#,%'( -".( 2,*-( .EE.2-#3.%.**( ,E( -"#*( 1.)*0/.( 9#55( :.( .*-#1)-.67( G".( :.%.E#-( #*(

)**01.6(-,(:.(.*-#1)-.6(:+(-".(%,%M5#%.)/(E,/105)($/,$,*.6(:+(a/..2.'(*..([,%-,3)*(

.-()57(;XW=WA7(

(
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O,/(.)2"(*.f0.%2.(-".(/#*4(#*(.*-#1)-.6()* (.D$/.**.6(#%(b!B($./(+.)/7(

G".(*01(E,/()55(*2.%)/#,*(#*(-".(.*-#1)-.6(:.%.E#-(E,/()3./-#%&(-".(,#5(*$#55*($./-)#%#%&(-,(

2,%-)2-7(G"0*'( -".($.%05-#1)-.(2,501%( #%(O#&0/.(@MV($/.*.%-*( -".(:.%.E#-(,E()3./-#%&(

-".( )3./)&.( *$#55( ,E( .)2"( *.f0.%2.( :)*.6( ,%( -".( %,%( 5#%.)/( E,/105)( )%6( -".( 5)*-(

2,501%(:)*.6(,%()(2,%*-)%-($./(-,%%.(3)50.(;"./.()**01.6(\W'WWW(b!B($./(-,%%.A7(

(
O#&7(@MVT((N*-#1)-.6(U,-.%-#)5(Z,**(,E(K)/&,(M(B)-)(*,0/2.(T(QNUK(Y>eF_O7X(

(

(

G".(U/.*.%-(J)50.(UJ;<A(,E(-".(:.%.E#-(E,/(-".(XYM+.)/(5#E.-#1.(2)%(-".%(:.(2)5205)-.6(

0*#%&(Nf(XMV7(

(

L**01#%&()(2,%*-)%-($./(-,%%.(E#&0/.(;\W'WWW(ue-,%%.A(T((

(

(

<+(0*#%&(-".(%,%(5#%.)/(E,/105)($/,$,*.6(:+(a/..2.(T(

(

( )= !i i iR P Cost V

25

25
1

(1 5%) 1( ) 56,311.37 793,649.29
(1 ) 5% (1 5%)=

! + "
= = # =

+ # +$
N

N
i

RPV B USD
i

25

25
1

(1 5%) 1( ) 6,094.91 85,901.31
(1 ) 5% (1 5%)=

! + "
= = # =

+ # +$
N

N
i

RPV B USD
i
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G".(U/.*.%-(J)50.(,E(-".(2,*-(,E(#1$5.1.%-#%&()(6,24#%&(*+*-.1(#*()**,2#)-.6(9#-"(

(

=7(-".(#%#-#)5($0/2")*.($/#2.T((u`W'WWW(((((

(u`W'WWW(((((

X7(,0-5)+(,E(u\'WWW(.3./+(E#3.(+.)/*(E,/(1)#%-.%)%2.(

(

;$)+1.%-*(,%(-".(Y
-"
'(=W

-"
'(=Y

-"
'XW

-"
()%6(XY

-"
(+.)/A(

V7)%()%%0)5(E#&0/.(,E(u\WW(E,/(&.%./)5(*$)/.*()%6(/.$)#/*(

(

(

G".(-,-)5(%.-($/.*.%-(3)50.(,E(-".(2,*-(#*((\i8+=*j*c3Tc2QU75*X6P(;#%(5#%.(9#-"(-".(&#3.%(

3)50.A7(

(

K,*-(<.%.E#-(K/#-./#,%(

G".(%.-($/.*.%-(3)50.(,E(-".(2,*-(,E(-".(#1$5.1.%-)-#,%(,E(-".(8KR(#*(u?Y'?\W()%6(#*(

5.**(-")%(-".(:.%.E#-*(:)*.6(,%(-".():,3.(2)5205)-#,%*7(G"./.E,/.(-".(8KR(*",056(:.(

2,%*#6./.6( E,/( #1$5.1.%-)-#,%7( _,-.( -")-( -".( 2,%*-)%-( $./( -,%%.( E#&0/.( &/,**5+(

,3./.*-#1)-.6(-".(:.%.E#-(,E()3./-#%&(-".(,#5(*$#557((

*

_,-.(-")-(8KRY'( #%(9"#2"(,0/("+$,-".-#2)5(.D)1$5.( #*(:)*.6'(")*()%(.EE.2-#3.%.**(,E(

5.**(-")%(=WW�'(9"#2"(9)*()**01.6("./.7(F%(-"#*(2)*.'(-".(2,//.2-(9)+(#*(-,(.*-#1)-.(

1,%.-#S.6(/#*4(:.E,/.()%6()E-./( -".( #1$5.1.%-)-#,%(,E( -".(8KR( #%(,/6./( -,(.*-#1)-.(

-".( :.%.E#-( ,E( #1$5.1.%-#%&( -"#*( 8KR7( F-( #*( ,:3#,0*( -")-( #E( 9.( $./E,/1.6( *02"( )%(

)%)5+*#*(-".(/.*05-(9,056(:.(-")-(-".(8KRY(#*(%,-(2,*-(.EE.2-#3.(*#%2.(,0/("+$,-".-#2)5(

8KR(-")-(")*(=WW�(.EE.2-#3.%.**(b'?#($)**.*(-".(2,*-(:.%.E#-(2/#-./#,%7((

(

(

(

(

(

(

(

(

( ) 70,000=PV initial USD

5

5
1

4,000( ) 10,202.60
(1 5%) !=

= =
+" i

i

PV outlay USD

2525

25 25
1

400 (1 5%) 1( ) 400 5,637.58
(1 5%) 5% (1 5%)=

+ !
= = " =

+ " +#
i

PV spares USD
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%") Generalization: The analytical theoretic approach$
g.(2,1.(:)24(-,(-".(6.E#%#-#,%(,E(/#*47( F%(1)/#-#1.(/#*4()**.**1.%-( H/#*4I( #*(%,/1)55+(

$/.*.%-.6( 6(/& 0@+& A2$*980& $7& 0@+& 8$%/+B9+%8+/& (%*& 0@+& A2$;(;1)10:& $7& $88922+%8+>(
;[/#*-#)%*.%'XWWYA7([)$5)%()%6(a)//#24(;=>?=A(6.E#%.(/#*4()*()(p*.-(,E(-/#$5.-*p'()(*.-(,E(

*2.%)/#,*( !#'( .)2"( ,E(9"#2"( ")*( )( $/,:):#5#-+( U#( )%6( )( 2,%*.f0.%2.( q#7( O0/-"./1,/.'(

-".#/()$$/,)2"(#*(-,(0*.(-".(E/.f0.%2+(9#-"(9"#2"()%(.3.%-(1#&"-(-)4.($5)2.(9"#2"(#*(

.**.%-#)55+( -".(%,-#,%(,E(0%2./-)#%-+():,0-( -".( E/.f0.%2+(9"#2"( #*( -".( r$/,:):#5#-+(,E(

E/.f0.%2+r7((

(

G"./.E,/.'()(/#*4()%)5+*#*(-/#.*(-,()%*9./(-".(E,55,9#%&(f0.*-#,%*(;[)$5)%()%6(a)//#24'(

=>?=C(<.6E,/6'(XWW=AT((

;#A g")-(2)%(")$$.%'((

;##A ^,9(5#4.5+(#*(#-(-,(")$$.%k()%6((

;###A a#3.%(-")-(#-(,220/*'(9")-()/.(-".(2,%*.f0.%2.*7(

(

G".( E#/*-( f0.*-#,%( #*( 0*0)55+( )%*9./.6(9#-"#%( -".( $")*.( ,E( -".( ")S)/6( #6.%-#E#2)-#,%7(

_,-.(-")-(")S)/6*(-")-()/.(%,-(#6.%-#E#.6(9#55(%,-(:.()**.**.6(-"./.E,/.(-"#*(E#/*-(*-.$(#*(

)5*,()(3./+(2/02#)5(,%.'(*..()5*,([,%-,3)*()%6(U*)/)E-#*(;XWW>A7(

(

STEP I.     ESTIMATION OF PROBABILITY AND CONSEQUENCES 
G".(*.2,%6()%6(-"#/6(f0.*-#,%*()/.(-".(1)#%(E,20*(,E( -".(/#*4()**.**1.%-($/,2.60/.(

;!-.$(V(#%(O!L($/,2.**'(*..(:.5,9A7(^)S)/6*(5.)6*(-,(2,%*.f0.%2.*(,E(6#EE./.%-(-+$.*'(

-".*.(1)+(:.( /.5)-.6( -,("01)%( *)E.-+'( -,( -".(.%3#/,%1.%-( )%6( -,( -".($/,$./-+'( E,/(

.D)1$5.(-".(*"#$(#-*.5E7((G"./.E,/.'(#-(#*(#1$,/-)%-(")3.()%(.*-#1)-#,%(,E(-".($/,:):#5#-+(

)%6( -".( 2,%*.f0.%2.*( E,/( .)2"( *.f0.%2.( ,E( -".( .3.%-( )%6( E,/( .)2"( .EE.2-7( G".(

1.-",6*( -")-( 2)%( :.( 0*.6( #%2506.( )1,%&( ,-"./( -".( 2,%*-/02-#,%( ,E( .3.%-( )%6( E)05-(

-/..*()%6((<)+.*#)%(%.-9,/4*(7(G".(%.D-(*-.$(#*(-,(2,1:#%.(-".*.(-9,(1.)*0/.*7(

(

L22,/6#%&(-,(J#%%.1(;XWW`A'(.*-#1)-#%&(-".(E)-)5#-+(/#*4*(*-)/-*(9#-"(2)5205)-#%&(-".(*,M

2)55.6(U,-.%-#)5(5,**(,E(Z#E.(;UUZA7(R%.(9)+((-,(.D$/.**(UZZ(#*(:+(0*#%&()22#6.%-(*-)-#*-#2*(

)%6( 6.E#%.( #-( 6(/& 0@+& %9C;+2& $7& 7(0()101+/& +#A+21+%8+*& 1%& (& 51=+%& A+21$*.& 9/9()):& A+2&
:+(2>& ;J#%%.1'( XWW`A7( G".( %,-#,%( ,E( UZZ( #*( 2/02#)5( #%( 1)/#-#1.( /#*4( )**.**1.%-(

;L3.%'XWW>C([/#*-#)%*.%'XWWYA7([/#*-#)%*.%;XWWYA(%,-.*(-")-(UZZ(6@(/&0@+&/@$208$C1%5&
$7& %$0& 1%8$2A$2(01%5& (%:& +#A$/92+& C+(/92+/>7( G"#*( #*( )24%,95.6&.6( #%( -".( O!L(
a0#6.5#%.*()%6(UZZ( #*(6.E#%.6(-)4#%&( #%-,()22,0%-( -".(.D$,*.6($,$05)-#,%C()%6(UZZ( #*(

1,*-(0*0)55+(.D$/.**.6(#%(E)-)5#-#.*($./(*"#$(+.)/7&
&
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O0/-"./1,/.( )22,/6#%&( -,( U,-.%-#)5( 5,**( ,E( 5#E.( ;UZZA( $./( +.)/( #*( )( -./1($/,$,*.6( :+(

!".55( )%6( .1$")*#S.*( -")-( -".( E)-)5#-#.*( )/.( %,-( #%.3#-):5.( 9#-"( &,,6( *)E.-+(

1)%)&.1.%-'( :0-( UZZ( -.%6*( -,( *0&&.*-( ;)%6( #*( *,1.-#1.*( 0*.6( E,/A( -".( 1)D#101(

%01:./(,E(E)-)5#-#.*(#%()(*#%&5.()22#6.%-7(UZZ(#*()5*,(*,1.-#1.*(0*.6(E,/(-".(.D$.2-)-#,%(

3)50.( ,E( 5#E.-#1.( &/,0$( /#*4( ;4%,9%( "./.( )*( -".( 5#E.-#1.( E)-)5#-+( /)-.A7( ( G"./.E,/.(

$,-.%-#)5( 5,**(,E( 5#E.( ;UZZA( #*( )(9#6.5+( )22.$-.6(1.-/#2(,E( /#*4( )%6(1)+( /.$/.*.%-( -".(

)3./)&.(%01:./(,E(E)-)5#-#.*(.D$.2-.6(#%()(&#3.%($./#,6(,/(#%(*,1.(2)*.*(-".(1)D#101(

%01:./(,E(E)-)5#-#.*7(

(

^)S)/6*( 5.)6*( -,( 2,%*.f0.%2.*( ,E( 6#EE./.%-( -+$.*'( -".*.( 1)+( :.( /.5)-.6( -,( "01)%(

*)E.-+'( -,( -".(.%3#/,%1.%-()%6(-,( -".($/,$./-+'( E,/(.D)1$5.( -".(*"#$( #-*.5E7( (L**01.(

-")-(,0/()%)5+*#*()22.**.*(Q(6#EE./.%-(-+$.*(,E(2,%*.f0.%2.*(;Pv=77QA7((

(

O#&7(@M\(#550*-/)-.*(-".(&.%./)5(2)*.(,E()%(.3.%-(-/..(9#-"(_($,**#:5.(*2.%)/#,*(9"./.()%(

#%#-#)5(.3.%-(;-")-(")*()($/,:):#5#-+(,EÄ
=
A(1)+(5.)6(-,(-9,($,**#:5.(.3.%-*(;N=()%6(NXA7(

N)2"(*.f0.%-#)5(.3.%-(1)+(")$$.%(;H+.*IA(,/(1)+(%,-(;H%,IA(*,(-"./.()/.(_(1)#%(.3.%-*7(

O,/(.)2"(*2.%)/#,( ;#v=77_A'( -".($/,:):#5#-+(,E(,220//#%&(,E(.)2"(2,%*.f0.%2.(;ÄU#A( -".(

*)1.7( ^,9.3./( -".( 2,%*.f0.%2.*( KP'#( )/.( 6#EE./.%-7( O0/-"./1,/.( *0$$,*.( -")-( -".(

:.%.E#-(,E()3./-#%&(*02"()(2,%*.f0.%2.(1)+(:.(.3)50)-.6(:+(-".(%,%5#%.)/(E0%2-#,%(EP(

9"#2"(#*()(E0%2-#,%(,E(KP'#7(

(

G"./.E,/.'( E,/( .)2"( ,E( -".( Q( .EE.2-*( ;E7.( "01)%( 5,**'( ,#5( *$#55'( KRX( .1#**#,%*A( -".(

/.5)-.6( /#*4( 1)+( :.( 2)5205)-.6( :+( )66#%&( -".( $,-.%-#)5( 5,**.*( E,/( .)2"( *.f0.%2.( #(

;#v=77_A()*(E,55,9*T((

 
Nf7(@M= 

!011#%&()55( .EE.2-*( ;)%6(9.(2)%(6,( -"#*( *#%2.(9.(")3.()( 2,11,%(1,%.-)/+(0%#-( -,(

.*-#1)-.( -".(6)1)&.A( -".( -,-)5( /#*4( ;0*0)55+( .D$/.**.6( #%(b!B($./( *"#$( +.)/A( 2)%(:.(

2)5205)-.6()*(E,55,9*T(

( Nf7(@MX(

                                                
1
_RG(GR(<N(KR_Ob!NB(gFG^(G^N(KNL(KbGROO(8LGN(;#7.(G^8N!^RZBA(Ä(

2
G".(1,*-(E0%6)1.%-)5(6#*-#%2-#,%(:.-9..%(/#*4I()%6(H0%2./-)#%-+I(#%(-"#*(:/)%2"(,E(.2,%,1#2(-".,/+'(#*(

60.(-,([%#&"-(;=>X=A7(L(*#-0)-#,%(#*(*)#6(-,(#%3,53.(/#*4(#E(-".(/)%6,1%.**($/.*.%-*(#-*.5E( #%(-".(E,/1(,E(

.D,&.%,0*5+( *$.2#E#.6( ,/( *2#.%-#E#2)55+( 2)5205):5.( ,:P.2-#3.( $/,:):#5#-#.*'( )*( E,/( .D)1$5.( 9#-"( &)1:5.*(

:)*.6(,%()(/,05.--.(9"..5(,/()($)#/(,E(6#2.7(L(*#-0)-#,%(#*(*)#6(-,(#%3,53.(0%2./-)#%-+(#E(-".(/)%6,1%.**(#*(

$/.*.%-*( #%( -".( E,/1( ,E( )5-./%)-#3.( $,**#:5.( .3.%-*'( E,/( .D)1$5.( )*( 9#-"( :.-*( ,%( )( ",/*.( /)2.'( ,/(

6.2#*#,%*(#%3,53#%&(9".-"./(,/(%,-(-,(:0+(.)/-"f0)4.(#%*0/)%2.(;g)44./'(XWWYA7(

N

j i j i, j
i 1

R P f (C )
=

= ! "#

N M
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(

(

(

(

O#&0/.(@M\(T((L(&.%./)5#S.6(.3.%-(-/..(

(

 
STEP II.     ESTIMATING RISK REDUCTION 
 
F%( ,/6./( -,( .*-#1)-.( -".( :.%.E#-( ,E( -".( 8KR'( -".( /.1)#%#%&( /#*4( )E-./( -".(

#1$5.1.%-)-#,%(,E( -".(2,%-/,5(,$-#,%(*",056(:.(.*-#1)-.67( F%(1)%+(O!L(*-06#.*'( #-( #*(

)**01.6( -")-( )%( 8KR( -,-)55+( .5#1#%)-.6( -".( /#*4( ;/#*4( /.602-#,%( ,E( =WW( $./2.%-A7(

^,9.3./'( #%( 1,*-( 2)*.*( -".( /#*4( /.602-#,%( #*( .*-#1)-.6( :+( .D$./-( P06&1.%-( )*( )(

$./2.%-)&.( ,E( -".( ,/#&#%)5( /#*47( F-( *",056( :.( *-/.**.6( ,0-( -")-( -".( :.*-( 9)+( #*( -,(

/.2)5205)-.(-".(.3.%-(-/..7(!)+#%&(-")-()%(8KR(9#55(/.602.(-".(/#*4(,E()%(#%2#6.%-(*,0/2.(

5.-I*(*)+(2,55#*#,%(:+'(E,/(.D)1$5.(=W�(:.*#6.*(:.#%&()/:#-/)/+'(#-(#*()5*,(3./+(1#*5.)6#%&7(

F%( )%+( 2)*.'( -".( :.%.E#-( ,E( -".( 8KR( #*( .f0)5( -,( -".( #%#-#)5( /#*4( ;:.E,/.( -".(

#1$5.1.%-)-#,%(,E(-".(8KRA(1#%0*(-".(/.1)#%#%&(/#*4(;/#*4()E-./(-".(#1$5.1.%-)-#,%A7(

G".(/#*4(#*(.D$/.**.6(#%(20//.%2+($./($./#,6(](-")-(#*(0*0)55+(1,%.-)/+(0%#-*($./(+.)/7(

(

(

(

(

(
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STEP III.     ESTIMATING DISCOUNTED COSTS AND BENEFITS 
 
G".(:.%.E#-*(,E(-".(/.602.6(/#*4(;|8A(2)%(:.(.)*#5+(2)5205)-.6(E,/(-".(GM+.)/(5#E.-#1.(;(G(

.f0)5(E0-0/.()1,0%-*(|8)/.(#%20//.6()-(/.&05)/(#%-./3)5*A(,E(-".(8#*4(K,%-/,5(R$-#,%(T(

(

( Nf7(@MV 

,/'(.f0)55+'((

(

( Nf7(@M\(

(

9"./.((

|8( v(

((/(((v(

(

G((v(

G,-)5(/#*4(/.602-#,%(;20//.%2+A(

B#*2,0%-(/)-.($./($./#,6(;0*0)55+($./(+.)/A((

&#3.%()*()(6.2#1)5(E/)2-#,%(;.7&7(Y�vW7WYA(

_01:./(,E($./#,6*(;0*0)55+(+.)/*A(

(

(

G".($/.*.%-(3)50.(,E(-".(2,*-(,E(-".(8KR(1)+(#%2506.(#%#-#)5($0/2")*.()%6(#%*-)55)-#,%*(

2,*-( ;-")-()/.(%,-(6#*2,0%-.6()*( -".+(,220/( #%(+.)/( -vWA()%6(,-"./(2,*-*( -")-(1)+(:.(

)%%0)5(,%.*()%6(,-"./($./#,6#2(,%.*7(L22,/6#%&( -,([/#*-#)%*.%;XWWYA( M()%6( -"#*( 5#*-( #*(

%,-(.D")0*-#3.(M(-".*.(2,*-*(1)+(#%2506.(2,*-*(/.5)-.6(-,(#%*$.2-#,%()%6(1)#%-.%)%2.'(

,$./)-#%&(2,*-*'(.%E,/2.1.%-()%6()61#%#*-/)-#3.(2,*-*(.-27(

(

b*0)55+'( #%( ,/6./( -,( .*-#1)-.( -".( $/.*.%-( 3)50.( ,E( -".( :.%.E#-*( -".( .f0)-#,%( ,E( -".(

$/.*.%-()1,0%-(,E()(2")#%(,E(.f0)5(E0-0/.()1,0%-*(;|8A(#*(0*.67(R%(-".(,-"./(")%6'(-,(

.*-#1)-.( -".( $/.*.%-( 3)50.( ,E( -".( 2,*-*'( :.*#6.*( -".( #%*-)55)-#,%( )%6( $0/2")*.( 2,*-*(

-")-( )/.( %,-( 6#*2,0%-.6( -".( .f0)-#,%( -")-( 2)5205)-.*( -".( $/.*.%-( 3)50.( ,E( )( E0-0/.(

)1,0%-( #*( 2)5205)-.67(O,/()%%0)5( 2,*-*( -".(.f0)-#,%( -")-(&#3.%*( -".(UJ(,E()( 2")#%(,E(

.f0)5(E0-0/.()1,0%-*(#*(0*.67(_,-.()&)#%'(-")-(-".*.(:)*#2(.f0)-#,%*()/.($/.*.%-.6(#%(

!.2-#,%(X7(

(

(

N M

i j i, jT T
i 1 j 1

t t
t 1 t 1

P f (C )
RPV(B)

(1 r) (1 r)
= =

= =

! "
#

= =
+ +

$$
$ $

N M

i j i, j t
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t t
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STEP IV.APPLYING THE COST BENEFIT CRITERION 
 
G".( %.-( $/.*.%-( 3)50.( E,/( .)2"( )5-./%)-#3.'( _UJ'( .f0)5*( -".( 6#EE./.%2.( :.-9..%( -".(

$/.*.%-(3)50.(,E(:.%.E#-*()%6(-".($/.*.%-(3)50.(,E(2,*-*T(

(

_UJvUJ(;<A(](UJ(;KA( ( Nf7(@MY(

(

805.( =T( G".( :)*#2( /05.( E,/( )%( )5-./%)-#3.( ;/.5)-#3.( -,( -".( H*-)-0*( f0,IA( #*( *#1$5.( T(Y%&
$A01$%& K21/3& 8$%02$)& $A01$%L& 0@(0& @(/& (& A$/101=+& ]4'& /@$9)*& ;+& 8$%/1*+2+*& 0$& ;+&
2+8$CC+%*+*&7$2&1CA)+C+%0(01$%?&
(

805.( XT(YC$%5& ()0+2%(01=+/& 0$& 0@+& 8922+%0& /0(0+& K!/0(09/& B9$-L& 0@+& $A01$%/& /@$9)*& ;+&
2(%3+*&;(/+*&$%&0@+12&]4'&72$C&0@+&@15@+/0&0$&0@+&)$E+/0&9%*+2&0@+&8$%/02(1%&0@(0&0@+&
]4'&/@$9)*&()/$&;+&A$/101=+?&
&
_,-.()5*,'( -")-( -".(_UJ(,E()($,5#2+( !1/& 1*+%018()& 0$& 0@+&A2+/+%0&=()9+&$7& 0@+&%+0&/$81()&
;+%+710/?&W@9/&/+)+801%5&0@+&A2$<+80&E10@&0@+&)(25+/0&]4'&1/&+B91=()+%0&0$&/+)+801%5&0@+&
A2$<+80&E10@&0@+&)(25+/0&A2+/+%0&=()9+&$7&%+0&/$81()&;+%+710/-(;<,)/61)%(.-()57'(XWW`A7(

(

O0/-"./1,/.'(-"./.()/.(,-"./(*#1#5)/(2/#-./#)'(E,/(.D)1$5.(-".($,*#-#3.(_UJ(2/#-./#,%(#*(

.f0#3)5.%-( -,( -".( 2/#-./#,%( -")-( -".( /)-#,(,E( $/.*.%-( 3)50.(,E(:.%.E#-*( -,( -".($/.*.%-(

3)50.(,E(2,*-*(*",056(:.(&/.)-./(-")%(,%.7((L*(6#*20**.6(#%(!.2-#,%(X'(-".(_UJ(2/#-./#,%(

#*( -".(,%.(-,(:.(0*.67( F%(2)*.(,E(:06&.-(2,%*-/)#%(1.-",6*(-")-()/.(0*.6( #%(2)*.*(,E(

2)$#-)5(/)-#,%#%&(*",056(:.(0*.67(

(

O#%)55+'( )*( #-( ")*(:..%(.1$")*#S.6( #-( #*( #1$,/-)%-( -,( 2,%602-()( *.%*#-#3#-+( )%)5+*#*( -,(

2,%3.+(",9(*.%*#-#3.(-".(.*-#1)-.6(%.-(:.%.E#-*()/.(-,(2")%&.*(#%()**01$-#,%*7(_,-.(

-")-([,%-,3)*(;XWWYA()%6([,%-,3)*()%6(U*)/)E-#*(;XWW>A(")3.(2,11.%-.6(,%(-".(&/.)-(

0%2./-)#%-+(-")-(O!L(E)2.*(.*$.2#)55+(#%(.*-#1)-#%&(-".(:.%.E#-*7(K,*-*()/.(0*0)55+(1,*-(

.)*+( -,( .*-#1)-.( )%6( ")3.( #%( &.%./)5( 1)/4.-( $/#2.*7( R%( -".( ,-"./( ")%6'( 3)50#%&(

6)1)&.*( -,( "01)%( *)E.-+( )%6( -".( .%3#/,%1.%-( #*( /)-"./( 2,1$5.D7( _,-.( -")-(

-.2"%#f0.*'( *02"( )*( -".( Q,%-.( K)/5,( *.%*#-#3#-+( )%)5+*#*( 1)+( *-/.%&-".%( )( /#*4(

)**.**1.%-'(*..(%.D-(K")$-./7(

*

*

*

*

*

*
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7  
CONCLUSIONS AND FURTHER RESEARCH 

(

7.1 Discussion and Conclusions 
 
F%.3#-):5+()55("01)%()2-#3#-#.*(.%-)#5(*,1.(/#*47(g.(")3.(*..%(-")-(-".(.2,%,1#2(-".,/+(

)*(/.&)/6*(.EE#2#.%2+(*0&&.*-*(-")-(-".(,$-#1)5(/#*4(#*(#%(&.%./)5(%,%MS./,(*#%2.(1,3#%&(

-,9)/6*(S./,(/#*4(.%-)#5*("0&.(.2,%,1#2(2,*-*7(

(

G"#*(9,/4(")*(6.*2/#:.6(-".(&.%./#2(9)+(-,()**.**(/#*4(#%(&,,6*(-")-(")3.(1)#%5+(%,%M

0*.(3)50.(;*02"()*(-,("01)%(".)5-"()%6(-".(.%3#/,%1.%-A()%6(E,/(9"#2"(#%(1)%+(2)*.*(

9.( 2)%( 2,%*-/02-( )( "+$,-".-#2)5(1)/4.-( :0-( 2)%( :.( .)*#5+( #%2506.( -",*.( -")-( ")3.( )(

1)/4.-( 3)50.( ;.7&7($/,$./-+A7( G".( E,20*(")*(:..%(,%(.*-#1)-#%&( -".(6)1)&.(6,%.( -,(

"01)%( ".)5-"( )%6( -".( .%3#/,%1.%-( ;1)#%5+( :.2)0*.( ,E( ,#5( *$#55*( )%6( *"#$( )#/(

.1#**#,%*A7( g.( )**01.( )5*,( -")-( -"#*( 6)1)&.( #*( .f0)5( -,( -".( :.%.E#-( 9".%(

#1$5.1.%-#%&( 1.)*0/.*( -,( /.602.( -".( /.5.3)%-( /#*47( G"./.E,/.'( ,0/( 9,/4( ".5$*(

.*-#1)-#%&(-".(6)1)&.(9".%()%()2-#3#-+($,*.*()%(.D-/)(/#*4()%6(-".(:.%.E#-(,E()2-*(-")-(

1#-#&)-.( /#*47( F%( 1,*-( 2)*.*'( -".( .EE.2-*( )/.( 6.)5-( *.$)/)-.5+( :0-( 0*#%&( ,0/( &.%./#2(

E/)1.9,/4( ,%.( 2)%( 2,1:#%.( -"#*( 6#EE./.%-( :.%.E#-*( :+( P0*-( )66#%&( -".( 1,%.-)/+(

:.%.E#-*( ,/( 6)1)&.*7( G"#*( #*( .**.%-#)5( *#%2.( )%( )2-#,%( -,( /.602.( )( /#*4(1)+( #%2/.)*.(

)%,-"./(/#*47(G".(0%6./5+#%&(-.2"%#f0.(;K<LA(#*(%,-"#%&(%.9'(-"0*'(-".(#1$,/-)%2.(,E(

,0/( 9,/4( #*( -".( #%-/,602-#,%( ,E( %,%( 5#%.)/( 3)50)-#,%( E0%2-#,%( #%-,( $/)2-#2)5( /#*4(

)**.**1.%-'( -".( ",5#*-#2( )$$/,)2"( ;&.%./)5#S)-#,%A'( -".( $/,$,*)5( ,%( -".( 2,//.2-( 0*.(

;#%2506#%&(-".(#6.%-#E#2)-#,%(,E(-".(20//.%-($#-E)55*A(,E(-".(/.5.3)%-(-.2"%#f0.*()%6(-".(

$/,,E( -")-( K<L( #*( 1,/.( )$$/,$/#)-.( -.2"%#f0.7( L%,-"./( 4.+( $,#%-( #*( -")-( -".(

E/)1.9,/4(#*($/.*.%-.6()5,%&(9#-"(#-*(*-/,%&(E,0%6)-#,%*(,%(-".(0%6./5+#%&(.2,%,1#2(

-".,/#.*7(((

(

_,-.()&)#%(-")-(102"(,E(-".(*-)-.M,EM-".(9,/4(,%(-".(.EE.2-*(,E(,#5($,550-#,%(-")-(")*(

$./E,/1.6( :+( -".( )0-",/'( )1,%&( ,-"./*'( ")*( :..%( *0:1#--.6( :+( a/..2.( -,( -".(

F%-./%)-#,%)5(Q)/#-#1.(R/&)%#S)-#,%()%6(")*(:..%( #%2,/$,/)-.6( #%-,(-".($/,$,*)5( E,/(

-".( )1.%61.%-( ,E( -".( O,/1)5( !)E.-+( L**.**1.%-( a0#6.5#%.*'( *..( L$$.%6#D( <7((
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G".()0-",/(")6()5*,(-".(,$$,/-0%#-+(-,()**#*-("#*(-".*#*(*0$./3#*,/(;9",(")6()(4.+(/,5.(

#%(-".(/.5.3)%-()2-#3#-+(9#-"#%(QNUKA()%6($)/-#2#$)-.6(#%(QNUK(@X(9"#2"(E#%)5#S.6(-".(

/.5.3)%-( 9,/4( )%6( #%2,/$,/)-.6( *,1.( ,E( -".( #**0.*( $/.*.%-.6( ):,3.( #%-,( 6/)E-(

)1.%61.%-(,E(-".(O!L(&0#6.5#%.*7(G".(9,/4(9#-"#%(QNUK(9)*(3./+(#1$,/-)%-(*#%2.(9.(

&)-"./.6( .D$./#.%2.( ,%( ",9( -".( #**0.*( 6.*2/#:.6( #%( -".( $/.3#,0*( K")$-./*( )/.(

)66/.**.6(#%($/)2-#2.7(G"0*'(-"#*(.D$./#.%2.(9)*(#%3)50):5.(#%(#6.%-#E+#%&(102"(,E(-".(

$#-E)55*()%6(-".(%..6(E,/()(1,/.(",5#*-#2()%6(1,/.(*,5#6()$$/,)2"()*($/.*.%-.6(#%(-"#*(

6#**./-)-#,%7(

(

L*()(25,*#%&( /.1)/4(9.(",$.(-")-( -"#*(9,/4(2,056(".5$($/,602#%&(1,/.(*,5#6( /.*05-*7(

<0-(9.(*-/.**(,0-(-")-(-".(:,--,1M5#%.(/.*05-*()/.(P0*-(E#&0/.*7(K,%-/)/+(-,(-".(20//.%-(

9)+( ,E( -"#%4#%&( 9#-"#%( QNUK'( /#*4( )**.**1.%-( *",056( :.( )%( #%$0-( -,( /#*4M#%E,/1.6(

6.2#*#,%M1)4#%&( ;L$,*-,5)4#*'( XWW\A7( F%( -".( 2)*.( ,E( "#&"( 0%2./-)#%-+( #-( 1)+( :.(

6)%&./,0*( -,( 6.$.%6( ,%( )( /#*4M:)*.6( )$$/,)2"7( L$,*-,5)4#*( ;XWW\A'( 9",( ")*( )%(

.D$./#.%2.( E,/( ,3./( \W( +.)/*( #%( %025.)/( /#*4( )**.**1.%-'( 2,11.%-*( -")-( %,(

c0)%-#-)-#3.(8#*4(L**.**1.%-(;c8LA()%)5+*-(2)/.*():,0-(-".(:,--,1(5#%.(%01:./*()%6(

-")-( DiIY& 1/& A+27$2C+*& 0$& 9%*+2/0(%*& @$E& 0@+& /:/0+C& 8(%& 7(1)& (%*& 0$& A21$2101,+& 0@+&
7(1)92+& C$*+/.& %$0& 0$& A2$*98+& (& /+0& $7& %9C;+2/D?( F%( )66#-#,%( ".( *-)-.*( -")-( D0@+&
*+81/1$%&0@(0&%++*&0$&;+&C(*+&E1))&;+&;+00+2&17&B9(%010(01=+&1%7$2C(01$%&0@(0&@(/&;++%&
A++2&2+=1+E+*&1/&(=(1)(;)+D?&G"./.E,/.'(9.(%,-.(-")-(1)/#-#1.(/#*4()**.**1.%-( #*(3./+(

#1$,/-)%-()*( #-(2)%($/,3#6.(0*.E05(.%&#%../#%&( #%*#&"-*()%6(1)+(:.(0*.6(-,($/#,/#-#S.(

)/.)*(-")-(%..6(-,(:.(E,20*.6()%6(%,-(-,($)+()--.%-#,%(,%(/#*4*(-")-(6,(%,-($,*.()(/.)5(

")/1(-,(*,2#.-+7(G".(/.*05-*(,E(K<L(*",056(:.(2)/.E055+()%)5+S.6'()(*.%*#-#3#-+()%)5+*#*(

*",056(:.($./E,/1.6()%6(-".(/.*05-*(*",056(:.($../(/.3#.9.6(#E(-".+(*",056(*0$$,/-(

6.2#*#,%M1)4#%&7( O#%)55+'( 2,%-/)/+( -,(9")-( #*( 20//.%-5+( ")$$.%#%&(9#-"( O,/1)5( !)E.-+(

L**.**1.%-'( -".( :,--,1M5#%.( E#&0/.*( )/.( -,( #%E,/1( )%6( *0$$,/-( 6.2#*#,%M1)4#%&( )%6(

%,-(-,(6#/.2-5+(#1$,*.(-".(#1$5.1.%-)-#,%(,E(-".(1.)*0/.*(-")-(")3.(:..%(E,0%6(-,(:.(

2,*-M:.%.E#2#)57 
(

g.(*011)/#S.(-".(4.+($,#%-*(,E(,0/(9,/4()*(E,55,9*T((

(

• Q,*-("01)%()2-#3#-#.*(.%-)#5(*,1.(/#*4(

• Q.)*0/.*(-,(1#-#&)-.(,%.(/#*4(1)+(#%2/.)*.()%,-"./(

• R$-#1)5(/#*4(#*(%,-(S./,()*(S./,(/#*4(0*0)55+(2,1.*()-()("0&.(2,*-(

• J)50)-#,%(1.-",6*(-,()--)2"(1,%.-)/+(3)50.*(-,(.EE.2-*(")3.(:..%()66/.**.6(

• G".*.(H$/#2.*I()/.(P0*-(-,,5*(-,()22,0%-(E,/(-".(2")%&.(,E(-".(/.5.3)%-(/#*4(

• Q,*-(,E(-".(.EE.2-*(")3.(%,%(1)/4.-(3)50.*C(%,-(-,(:.(-",0&"()*()(H/.)5I(3)50.(

-,(.D2")%&.(*,1.-"#%&7(
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• B)1)&.(E/,1()%()2-#3#-+(#*(.f0)5(-,(-".(:.%.E#-(E/,1()3./-#%&(-".(*)1.()1,0%-(

,E(")/1(

• B)1)&.*( )/.( #%( &.%./)5( %,%( 5#%.)/( E0%2-#,%*( ,E( -".( )1,0%-( ,E( ")/17( G"#*( #*(

)66/.**.6(E,/(-".(E#/*-(-#1.(9#-"($/)2-#2)5(1)/#-#1.(/#*4()**.**1.%-7(

• B)1)&.*(,/(:.%.E#-*(2)%(:.(*#1$5+()66.6(-,($/,3#6.(-".(-,-)5(.EE.2-(;:)*.6(,%(

-".(0-#5#-)/#)%(3#.9A(

(

• Q.-",6*(E,/(-".(.2,%,1#2()$$/)#*)5(,E($/#3)-.($/,P.2-*()%6($/,P.2-*(-")-()EE.2-(

-".(*,2#.-+(#%(9",5.(;1)#%5+(/.&05)-#,%*A(*02"()*(-".(K,*-(<.%.E#-(L%)5+*#*()%6(

K,*-( NEE.2-#3.%.**( L%)5+*#*( ")3.( :..%( $/.*.%-.6( )5,%&( 9#-"( -".#/( /,,-*( #%(

.2,%,1#2(-".,/+7(U#-E)55*()%6($,**#:5.(6.E#2#.%2#.*(")3.()5*,(:..%()66/.**.67(

• a#3.%(-".(*-/,%&(%,%(5#%.)/#-#.*(#%(-".(6)1)&.(E0%2-#,%*'(#-(1)+(:.(6#EE#205-(;#E(

%,-(#1$,**#:5.A(-,(0*.((K,*-(NEE.2-#3.%.**(L%)5+*#*((E,/(*,1.(.EE.2-*7(a#3.%(-")-(

KNL(#*(-".(1)#%(-,,5(9#-"#%(O!L'(9"#2"(#*(-".(1)P,/(-,,5(0*.6(#%(1)/#-#1.(/#*4(

)**.**1.%-(-"#*(#*()(/.)5(:.")3#,/)5(2")%&.7(

• G".( *,5.( 0*.( ,E( K<L( #*( )63,2)-.6( 9#-"#%( 1)/#-#1.( /#*4( )%)5+*#*( )/.( )( 1,/.(

&.%./#2(-,,5()%6(1,*-(2)$):5.(-,()66/.**(-".(6.E#2#.%2#.*(,E(KNL7(^,9.3./'(-".(

2,//.2-()$$5#2)-#,%(,E(KNL(#*($/.*.%-.6(E,/(-".(2)*.(9"#2"(#-(1)+(:.()$$/,$/#)-.(

-,( 6,( *,( %,-#%&( -")-( KNL( )%6( K<L( 9,056( 2,1.( -,( -".( *)1.( /.*05-*( 0%6./(

*$.2#E#2(2,%6#-#,%*7(

(

• g.( *",/-5+( $/.*.%-'( #%( -".,/+'( -".( 6#EE./.%-( 9)+*( -")-( -".*.( H$/#2.*I(1)+( :.(

.*-#1)-.6()%6(6.6#2)-.(9",5.(V(2")$-./*(;.)2"(E,/(.)2"(.EE.2-C("01)%(".)5-"'(

.EE.2-(E/,1(,#5(*$#55*()%6(2)/:,%(6#,D#6.(.1#**#,%*A(-,(#%3.*-#&)-.($,**#:5.(9)+*(

-,(6./#3.(-".*.(E#&0/.*7(

• g.'( -".%'( #550*-/)-.( 0*#%&( .D)1$5.*( -".( 9)+*( -")-( -".*.( 3)50)-#,%( )%6(

.3)50)-#,%( -.2"%#f0.*( 1)+( :.( 0*.6( #%( $/)2-#2.( )%6( 1,*-( #1$,/-)%-5+( 9#-"#%(

1)/#-#1.(/#*4()**.**1.%-(-.2"%#f0.*(;0*#%&(O!L()*(*02"()(-+$#2)5(1.-",6A7(

• g.(*$/.)6(*,1.(*..6(,E(&.%./)5#S)-#,%(-")-(*,(-")-(-"#*(E/)1.9,/4(2)%(:.(0*.6(

-,()**.**(105-#$5.(.EE.2-*7(

(

• O#%)55+'( 9.( $/.*.%-( *,1.( #**0.*( ,E( E0/-"./( /.*.)/2"( ,%( #**0.*( -")-(1)+( ")3.(

:..%( )5/.)6+( )66/.**.6( .5*.9"./.( :+( ")3.( *.56,15+( #%2,/$,/)-.6( #%( -".(

$/)2-#2)5(1)/#-#1.(/#*4()**.**1.%-()%6(.*$.2#)55+(-".(O!L(1.-",67(

(

(

(
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K,1#%&( -,( )%( .%6'( 9.( E..5( -")-( -"#*( /.*.)/2"( )*( *011)/#S.6( ):,3.( )66/.**.6( -".(

$/,:5.1(#6.%-#E#.6(#%(-".(F%-/,602-#,%()%6(1)+'(-"0*'(:.(0*.E05(-,($/,602.(1,/.(*,5#6(

)%6( .2,%,1#2)55+( *,0%6( /#*4( )**.**1.%-*( )%6( %,-( ,%5+( -,( :.%.E#-( E#/1*( :0-( )5*,( -".(

*,2#.-+7((F%()66#-#,%'()55(0%6./5+#%&(.2,%,1#2(-".,/+(")*(:..%($/.*.%-.6(-,(*-/.%&-".%(

-".( E/)1.9,/4( $/.*.%-.67( F-( #*( )5*,( ",$.6( -")-( #%( -".( %.)/( E0-0/.( /#*4( )%)5+*-*( 9#55(

1,3.( -,9)/6*( )( 1,/.( ",5#*-#2'( K<LM:)*.6( )$$/,)2"( )%6( -".( 6.E#2#.%2#.*( ,E( ,-"./(

-.2"%#f0.*( 9#55( :.( 9.55( 0%6./*-,,6( :+( -",*.( -")-( )/.( *0$$,/-#3.( ,E( )5-./%)-#3.(

-.2"%#f0.*7(G,( -")-(.D-.%-'( -".(.)*#%.**(,E( #%2,/$,/)-#%&( -".( E/)1.9,/4($/,$,*.6( #%(

,0/(((9,/4(#%-,(-".($/)2-#2)5(/#*4()**.**1.%-(")*(:..%(25.)/5+($/.*.%-.67(

(

^,9.3./'( -"./.( #*( )59)+*( /,,1( E,/( #1$/,3.1.%-7( G".( /.*-( ,E( -"#*( K")$-./( $/.*.%-*(

*,1.( .5.1.%-*( E/,1( *.%*#-#3#-+( )%)5+*#*( -")-( 2)%( :.( 0*.6( -,( *-/.%&-".%( -".( 9",5.(

)%)5+*#*( :)*.6( ,%( 9.55( .*-):5#*".6( -.2"%#f0.*( -")-( )/.'( ",9.3./'( %,-( ,E-.%( )$$5#.6(

9#-"#%(1)/#-#1.(/#*4()**.**1.%-'(9"#2"(9.(1)+(*-#55(*)+(#*(%,-(3./+(9.55(6.3.5,$.6(+.-7(

F%( )66#-#,%'( )%,-"./( !.2-#,%( $/.*.%-*( *,1.( 9)+*( -,( 3#*0)5#S.( -".( 4.+( E)2-,/*( )%6(

/.*05-*( -")-( 1)+( ".5$( -,( :.--./( 2,110%#2)-.( -".( /.*05-*( :.-9..%( -".( .D$./-*(

-".1*.53.*()%6( -".(.D$./-*'($,5#2+(1)4./*()%6( -".(*,2#.-+7(a#3.%( -")-( -".(*,2#.-+( #%(

1,*-( ,E( -".( 2)*.*( ")*( )( 6#EE./.%-( $./2.$-#,%( ,E( /#*4( ;E/,1( -".( )%)5+*-*A( 9.( $/.*.%-(

*,1.(.5.1.%-*(,E()(:.")3#,/)5(/#*4()**.**1.%-7(L5-",0&"(-".(-".,/.-#2)5(:)24&/,0%6(

.D#*-*( #-(1)+(:.(/.5)-#3.5+(6#EE#205-( -,(0*.( #-(9#-"#%($/)2-#2)5( /#*4()**.**1.%-C(",9.3./(

9.(E..5(-")-(*,1.-"#%&(5#4.(-"#*(#*(#1$,/-)%-()%6(9#55(:.()(4.+(#**0.(#%(-".(E0-0/.7(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(
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&"( Sensitivity Analysis and Simulation$
8.2)55( -".(*#1$5.($/,:5.1(:)*.6(,%([/#*-#)%*.%(;XWWYA(-")-(9)*($/.*.%-.6( #%(!.2-#,%(

@7=( #%3,53#%&()( *",/.M:)*.6( /.E#%./+( -")-( /.2.#3.*( 2/06.(,#5( E/,1()( *1)55( -)%4./7(8#*4(

)%)5+*#*(")*(*",9%(-")-(-".($/,:):#5#-+(,E()(*$#55(60/#%&(,EE5,)6#%&(#*(ÄvV(=W
MV
(*$#55*($./(

+.)/()%6()**01.(-")-( -"./.( #*(,%5+(,%.(*02"(,$./)-#,%($./(+.)/7(G".()3./)&.(*#S.(,E(

-".( ,#5( *$#55( -")-( 1)+( ,220/( )*( )( /.*05-( ,E( *02"( )%( #%2#6.%-( #*( .*-#1)-.6( -,( :.( =WW(

-,%%.*7(G".(2,*-(,E()($,-.%-#)5(,#5(*$#55(;9"#2"(#*(-".(:.%.E#-((,E()3./-#%&()%(,#5(*$#55A(#*(

&#3.%(:+(-".(E,55,9#%&(E,/105)(T(

K,*-(v(Y='\VXJ
QU50c

;#%(b!B'(#E(J(#*(#%(-,%%.*A(

G".( 2,*-M.EE.2-#3.%.**( ,E( )%( )63)%2.( ,EE5,)6#%&( #%*-)55)-#,%( -")-( 9#55( /.602.( -".(

$/,:):#5#-+(,E()%()22#6.%-(-,(=7Y(=W
MV
(*$#55*($./(+.)/()%6(#-*(2,%*.f0.%2.(-,(YW(-,%%.*(

;,/(YW�(/.602-#,%( #%(:,-"($/,:):#5#-+()%6(2,%*.f0.%2.A(9)*( #%3.*-#&)-.7(G".(2,*-(,E(

-"#*(#%*-)55)-#,%(9)*()**01.6(-,(:.(XW'WWW()%6(")*()(5#E.-#1.(,E(=W(+.)/*7(G".($/.*.%-(

3)50.(,E(-".(:.%.E#-(,E(-"#*(%.9(#%*-)55)-#,%(;-")-(.f0)5*(-,(-".(6#*2,0%-.6(6)1)&.(2,*-(

,E( -".(,#5( *$#55( #E( -".(*$#55(,220//.6A(9)*(.*-#1)-.6(-,()$$/,D#1)-.5+(XV'`@?(b!B7(G".(

%.-( $/.*.%-( 3)50.( ,E( -".( #%3.*-1.%-( #*( -"./.E,/.( V'`@?( b!B( )%6( -"./.E,/.( -".( %.9(

,EE5,)6#%&(#%*-)55)-#,%(9)*(E,0%6(-,(:.()(&,,6(#%3.*-1.%-7(

(

G".(4.+(E)2-,/*(#%(,0/()%)5+*#*()/.(-9,T(

=7 G".()**01$-#,%(-")-(:,-"(-".($/,:):#5#-+()%6(-".(2,%*.f0.%2.(;#%(-./1*(,E(-".(

)3./)&.(.D$.2-.6(*#S.(,E(-".(,#5(*$#55A(9#55(:,-"(:.(/.602.6(:+(|8(.f0)5(YW�(

X7 G".(2,*-(,E(-".(#%*-)55)-#,%(9#55(:.(XW'WWW7(

(

_,9'(9")-(")$$.%*(#E(/.602-#,%(#%($/,:):#5#-+()%6(2,%*.f0.%2.(#*(%,-(YW�(k(LE-./()55'(

-"#*(#*()%(.D$./-(P06&1.%-(-")-(2)%(:.(E)5*.7(L%6(9")-(")$$.%*'(#E(-".(E#%)5(2,*-(,E(-".(

#%*-)55)-#,%(#*(1,/.(-")-(9")-(9.(,/#&#%)55+()%-#2#$)-.6k((

(

!.%*#-#3#-+()%)5+*#*(2)%(*",9(",9(-".(%.-($/.*.%-(3)50.(:.")3.*(#%(2")%&.*(,E(-".(-9,(

):,3.1.%-#,%.6( E)2-,/*( )%6( 2)%( :.( 0*.6( -,( *-06+( -".( 0%2./-)#%-+( #%( -".( )%)5+*-I*(

)**01$-#,%*()%6(2,%250*#,%*(#%(,/6./(-,(.%*0/.(-".(f0)5#-+(,E(-".(/#*4()**.**1.%-7(G"#*(

4#%6(,E()%)5+*#*(2)%(:.()$$5#.6(#%(3)/#,0*(9)+*(9#-"#%(K<L(;<,)/61)%(.-()57'(XWW=A7(

(

!#1$5.( *.%*#-#3#-+( )%)5+*#*( #*( $./E,/1.6( :+( .*-#1)-#%&( -".( _UJ( 3)50.( E,/( 6#EE./.%-(

$,**#:5.(3)50.*(E,/(-".(0%2./-)#%(E)2-,/*(;|8()%6(2,*-(#%(,0/(2)*.A7(g,/*-()%6(:.*-M2)*.(

)%)5+*#*( 2)%()5*,(:.(0*.6(:+( 2,%*#6./#%&( -".($.**#1#*-#2( )%6(,$-#1#*-#2( 3)50.*(,E( -".(

E)2-,/*(#%(f0.*-#,%7(^,9.3./'(#%(1,*-(2)*.*'(1,/.(*,$"#*-#2)-.6(-.2"%#f0.*(*02"()*(-".(

9.55( 4%,9%( Q,%-.( K)/5,( *#105)-#,%( 2)%( :.( 0*.6'( *..( <,)/61)%( .-( )57( ;XWW=A( )%6(

J,*.;XWW>A(E,/(0*#%&(Q,%-.(K)/5,(*#105)-#,%(#%(/#*4()%)5+*#*()%6(K<L7(
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F%( *",/-'( )( Q,%-.( K)/5,( *#105)-#,%( #*( )( -.2"%#f0.( -")-( :0#56*( )( 1,6.5( ,E( $,**#:5.(

,0-2,1.*(:+(*0:*-#-0-#%&()(/)%&.(,E(3)50.*(;-)4.%(E/,1()($/,:):#5#-+(6#*-/#:0-#,%A(E,/(

)%+( 0%2./-)#%( E)2-,/7( B0/#%&( -".( *#105)-#,%'( 3)50.*( )/.( /)%6,15+( *)1$5.6( E/,1( -".(

#%$0-( $/,:):#5#-+( 6#*-/#:0-#,%*( )%6( E,/( .)2"( *.-( ,E( 3)50.*( ;2)55.6( )%( #-./)-#,%A( -".(

,0-$0-( #*( 2)5205)-.67( G"#*( #*( $./E,/1.6( E,/( -",0*)%6( -#1.*( )%6( -".( /.*05-( #*( )(

$/,:):#5#-+(6#*-/#:0-#,%(,E($,**#:5.(,0-2,1.*'(#%(-"#*(2)*.(-".(_UJ7((

(

G".( -/#)5( 3./*#,%( ,E( -".( ë8#*4( *,E-9)/.( 9)*( 0*.6( -,( $./E,/1( )( *#105)-#,%( E,/( -".(

.D)1$5.( $/.*.%-.6( ):,3.7( O,/( -".( 2,*-'( )( -/#)%&05)/( 6#*-/#:0-#,%( 9)*( 0*.6'( 9#-"( )%(

1,*-(5#4.5+(3)50.(,E(XW'WWW(b!B'()(1#%#101(,E(=`'WWW(b!B()%6()(1)D#101(,E(XY'WWW(

b!B7(O,/( -".( /.602-#,%( #%($/,:):#5#-+()%6(,#5( *$#55( *#S.'( )(UN8G(6#*-/#:0-#,%(9)*(0*.67(

G"#*( #*( *#1#5)/( -,( -".( -/#)%&05)/( 6#*-/#:0-#,%( *#%2.( -".( )%)5+*-( 6.E#%.*( -".(1#%#101'(

1,*-( 5#4.5+()%6(1)D#101(3)50.'(:0-(3)50.*()/,0%6(-".(1,*-( 5#4.5+()/.(1,/.( 5#4.5+(-,(

,220/7(G"#*(6#*-/#:0-#,%( #*(1,*-5+(0*.6(9".%()(3)50.(2,1.*( E/,1(.D$./-(,$#%#,%'( *..(

J,*.;XWW>A7( G".( UN8G( 6#*-/#:0-#,%( -")-( 9)*( 0*.6( ")6( )(1,*-( 5#4.5+( 3)50.( ,E( YW�'( )(

1#%#101(,E(\Y�()%6(1)D#101(,E(YY�7(

(

G".($/,:):#5#-+(6#*-/#:0-#,%(,E(-".(_UJ()E-./(='WWW(#-./)-#,%*(#*($/.*.%-.6(#%(O#&7(?M=)(

)%6(-".(20105)-#3.(6#*-/#:0-#,%(#%(O#&7(?M=:7((

(

G".(1#%#101(_UJ(#%(-".(*#105)-#,%(9)*(25,*.(-,(MX'W@`(b!B()%6(-".(1)D#101(25,*.(

-,(t'@WW(b!B7(G".(1.)%(9)*(V'W>X7Y(b!B7(F%()66#-#,%'(#%()51,*-(>Y�(,E(-".(2)*.*(-".(

%.-($/.*.%-(3)50.(3)*():,3.(W'(-"#*(1.)%*(-")-(9.()/.(2,%E#6.%-(-")-(-".(#%3.*-1.%-(#*(

2,*-(:.%.E#2#)57(

 

  
O#&7`M=T(Q,%-.(K)/5,(!#105)-#,%(](8.*05-*(E,/(-".(_UJ(
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&"! Visualization$
L&)#%'( -".( E,55,9#%&(2")$-./*(6#*20**( -".(9)+(-,(.2,%,1#2()$$/)#*)5(,E($/,P.2-*7(8#*4(

/.602-#,%( 1.)*0/.*( ,/( ,$-#,%*'( 1.6#2)5( #%-./3.%-#,%*'( #%3.*-1.%-*C( -".*.( )/.( )55(

$/,P.2-*7(8.&)/65.**(,E(-".(-.2"%#f0.*(.1$5,+.6(E,/(/)%4#%&(;$/#,/#-#S#%&A()%6(*.5.2-#,%(

;6.2#*#,%( 2/#-./#)A'( -".( )%)5+*-( ")*( -,( 6#*$5)+( )%6( 2,110%#2)-.( -".*.( 6)-)( -,( -".(

6.2#*#,%( 1)4./*7( 8.2)55( -")-( /#*4( 2,110%#2)-#,%( #*( )( $)/-( ,E( -".( 8#*4( Q)%)&.1.%-(

U/,2.**(;F!R(V=WWWTXWW>A()*($/.*.%-.6(#%(O#&7(`M=7((

(

K,11,%( 6#*$5)+( 1.2")%#*1*( #%2506.( E,0/Mf0)/)%-( &/#6*'( qMd( 2")/-*'( :)/( 2")/-*'(

1)-/#2.*()%6(:0::5.(2")/-*(;Z.3#%.'(XWWYA7((

7.3.1 Bar Diagrams 
U/,:):5+( -".( .)*#.*-( 9)+( -,( $/.*.%-( -".( /.*05-*( ,E( )( KNL( ,/( )( K<L( #*( :+( 0*#%&( <)/(

B#)&/)1*7(a#3.%(-")-(#%(1,*-(2)*.*()(5)/&.(%01:./(,E()5-./%)-#3.*(.D#*-*(#-(#*($/.E./):5.(

-,( 0*.( ",/#S,%-)5( :)/*( /)-"./( -")%( 3./-#2)5( ,%.*7( <)/( 6#)&/)1*( )/.( .)*+( -,( :.(

2,%*-/02-.6(:0-()/.(",9.3./(,E(5#1#-.6(0*.(*#%2.(-".+(2)%(,%5+(/.$/.*.%-(0$(-,(-"/..(

6#EE./.%-(3)/#):5.*(;9".%(5.%&-"'(9#6-"()%6(2,5,/(,E(-".(:)/()/.(0*.6A7(

(

F%(-".(2)*.(,E(K,*-(NEE.2-#3.%.**(L%)5+*#*'()(",/#S,%-)5(:)/(2)%(:.(0*.6(E,/(.)2"(8KR7(

G".(5.%&-"(,E(-".(:)/(2)%(/.$/.*.%-(-".(1)/&#%)5(2,*-(,E()3,#6#%&()(0%#-(,E(-".()63./*.(

.EE.2-( ;#-( ")*( -,( :.( .#-"./( ,%.( .EE.2-( ,/( ,%.( %,%(1,%.-#S.6( ,%.A( )%6( -".(9#6-"( 2)%(

/.$/.*.%-(-".(%01:./(,E(0%#-*(,E(-".(.EE.2-()3./-.67(F%(,/6./(P0*-(-,(2,1$)/.(-".(8KR*(

-".(9#6-"(#*(%,-(#1$,/-)%-7(g#-"#%(O!L'(-".(5.%&-"(2)%(6#*$5)+(-".(aKLO(,/(_KLO(#%6.D(

,E(-".(8KR()%6(-".(9#6-"(-".(%01:./(,E(5#3.*()3./-.6(E,/(-".(2)*.(,E(/#*4(-,("01)%(5#E.7((

(

L( *#1#5)/( &/)$"( 2)%( :.( 2,%*-/02-.6( -,( *",9( -".( 2,*-( .EE.2-#3.%.**( ,E( 1.)*0/.*( -,(

/.602.( )#/( .1#**#,%*7( G".( 2)*.( 9"./.( -".*.(1.)*0/.*( )/.( %,-(10-0)55+( .D250*#3.( #*(

$/.*.%-.6( #%(O#&0/.(`MX7(!#1#5)/(:)/*(2)%(:.(2,%*-/02-.6(E,/()55(,-"./(.EE.2-*( ;/#*4*( -,(

"01)%( 5#E.'( /#*4( ,E( ,#5( $,550-#,%( .-2A7( _,-.( -")-( .*$.2#)55+( #%( -".( 2)*.( ,E( $,5#2#.*( -,(

/.602.(-".(.EE.2-(,%(K5#1)-.(K")%&.(-".(3#*0)5#S)-#,%(,E(10-0)55+(.D250*#3.(,$-#,%*(#%(

3./-#2)5(E,/1)-(#*(4%,9()*(HQLK(20/3.*I()%6()/.(,E(.D-/.1.(#1$,/-)%2.7(L*($/.*.%-.6(

#%(!.2-#,%(Y7V7X'()(QLK(20/3.(#*()(&/)$"(-")-(*",9*(-".(2,*-M.EE.2-#3.%.**(#%6.D(,E()55(

-".( )3)#5):5.( 1.)*0/.*( ;.)2"( 1.)*0/.( /.$/.*.%-.6( )*( )( :)/A( -")-( )/.( ,/6./.6( #%( )(

E0%2-#,%(,E(#%2/.)*#%&():)-.1.%-(2,*-*7(G".(".#&"-(,E(.)2"(:)/(/.$/.*.%-*(-".()3./)&.(

1)/&#%)5(2,*-(,E()3,#6#%&()(-,%(,E(KRXM.f(&#3.%(-")-()55(1.)*0/.*(,%(#-*(5.E-()/.()5/.)6+(

)$$5#.6()%6(-".(9#6-"(/.$/.*.%-*(-".($,-.%-#)5(,E( -")-(1.)*0/.(-,(/.602.(.1#**#,%*'(

*..(!.2-#,%(Y7V7X(E,/(1,/.7(
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*
O#&7`MXT(<)/(B#)&/)1(-,(3#*0)5#S.(/#*4(2,%-/,5(,$-#,%*(

(

F%( -".( 2)*.( ,E( K,*-( <.%.E#-( L%)5+*#*( -".( 5.%&-"( ,E( .)2"( :)/( ;8KRA( 2)%( :.( 0*.6( -,(

/.$/.*.%-( -".( %.-( $/.*.%-( 3)50.( ,E( -".( )2-7( G"#*( #*( .%,0&"( #%E,/1)-#,%( -,( /)%4( .)2"(

)5-./%)-#3.7(F%()66#-#,%'(-".(9#6-"(,E(.)2"(:)/(2)%(:.(0*.6(-,(/.$/.*.%-(-".(%01:./(,E(

0%#-*()3./-.6(:+(.)2"($/,P.2-(E,/()(:.--./(,3./3#.9(,E(-".()5-./%)-#3.*7(

7.3.2 Bubble Diagrams 
<0::5.(6#)&/)1*(;)5*,(2)55.6(:0::5.(2")/-*A()/.(,E(.D-/.1.(#1$,/-)%2.'(*#%2.(-".+(2)%(

.EE.2-#3.5+( *0$$,/-( 105-#6#1.%*#,%)5( )%)5+*#*( ,E( 6)-)'( 9"./.( .)2"( $/,P.2-( 2)%( :.(

6#*$5)+.6( :+( )( *#%&5.( :0::5.7( G"/,0&"( -".( 0*.( ,E( )D.*'( 3)/#):5.( :0::5.( *#S.'( 2,5,/'(

*")$.'( *")6,9'( 5#%.( -"#24%.**'( *,1.( :0::5.( 2")/-*( 2)%( 6#*$5)+( )*( 1)%+( )*( *.3.%(

6#EE./.%-(3)/#):5.*(#%()(*#%&5.(2")/-7(J#*0)5#S)-#,%(0*#%&(:0::5.(2")/-*(2)%(:.(.EE.2-#3.(

E,/( )( /.5)-#3.5+( *1)55( %01:./( ,E( $/,P.2-*'( 1)#%5+( -,( )3,#6( ,3./5)$$#%&'( )%6( )( *1)55(

%01:./(,E(3)/#):5.*($/.*.%-.67(

(

L22,/6#%&(-,(K,,$./;XW==A'(-".(1,*-($,$05)/(:0::5.(6#)&/)1(#*(-".(/#*4M/.-0/%(2")/-'(

:.#%&( -".( 1.-",6( 0*.6( :+( 1,/.( -")%( \W( $./2.%-( ,E( :0*#%.**.*( -")-( .1$5,+( )(

*+*-.1)-#2($,/-E,5#,(1)%)&.1.%-(1.-",67( (^./.'( -".( DM)D#*(1.)*0/.*( -".( /.9)/6( -,(

-".( 2,1$)%+( ;E,/( .D)1$5.( -".( %.-( $/.*.%-( 3)50.A( )%6( -".( +M)D#*( -".( $/,:):#5#-+( ,E(

*022.**7( O#&0/.(`MV( 2,1.*( E/,1(K,,$./( ;XW==A(9",($/.*.%-*()( *)1$5.(6#)&/)1( E,/()(

2".1#2)5( 2,1$)%+7( F%( -"#*( 2)*.( -".( *#S.( ,E( -".( :0::5.( *",9*( -".( )%%0)5( /.*,0/2.*(

2,11#--.6( -,( .)2"( $/,P.2-( ;-")-( 2)%( :.( 6,55)/*( $./( +.)/( ,/(9,/4M1,%-"*( )55,2)-.6A7(

L22,/6#%&( -,( Z.3#%.( ;XWWYA( ")5E( ,E( -".( *$.%6#%&( ,E( 2,1$)%#.*( &,.*( -,( -".( *,M2)55.6(

r</.)6( )%6( <0--./r( M-".*.( )/.( *1)55( $/,P.2-*( 9#-"( "#&"( 5#4.5#",,6( ,E( *022.**( :0-( 5,9(

/.9)/6(;0$$./M/#&"-(f0)6/)%-A7(R:3#,0*5+'(-".(1,*-(6.*#/):5.($/,P.2-*()/.(-",*.(#%(-".(

0$$./M5.E-(f0)6/)%-(;-".(*,M2)55.6(rU.)/5r($/,P.2-*A7(
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(
O#&7`MVT(G".($,$05)/(8#*4M8.)9)/6(<0::5.(B#)&/)1((M!,0/2.T(K,,$./(;XW==A(

(

8.2.%-5+'( L:/)")1*.%( )%6( L3.%( ;XW==A( $/.*.%-.6( *,1.( *)E.-+( ,/#.%-.6( :0::5.(

6#)&/)1*(-,(:.(0*.6(#%(U/,P.2-(8#*4(Q)%)&.1.%-7(F%(-".(:0::5.(6#)&/)1*($/.*.%-.6(#%(

O#&7( `M\( -".( /#*4*( )/.( 2,%*#6./.6( -"/,0&"( -"/..( 6#1.%*#,%*T( =A( 2,%*.f0.%2.'( XA(

$/,:):#5#-+()%6(VA(1)%)&.):#5#-+(;9"#2"(-".+(6.E#%.()*(p$,-.%-#)5(E,/(/.602#%&(/#*4()%6(

,:-)#%(6.*#/):5.(,0-2,1.pA7(L%(.D)1$5.(,E()( /#*4( #%2506.6( #%( -"#*(:0::5.(6#)&/)1( ( #*(

H*"#$( 2,55#*#,%( %.D-( +.)/I7( G".( :0::5.( #550*-/)-.*( -".( $/,:):#5#-+( ,E( *02"( )( .3.%-'( -".(

2,%*.f0.%2.*( )**,2#)-.6( ;E7.( -".( .D$.2-.6( 5,**.*( #E( -".( .3.%-( ")$$.%*A( )%6( -".(

1)%)&.):#5#-+(,E(-".(.3.%-7(

*
O#&7`M\T(!)1$5.(*)E.-+(,/#.%-.6(<0::5.(B#)&/)1(M(!,0/2.T(L:/)")1*.%()%6(L3.%(;XW==A(

*
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<0::5.( 6#)&/)1*( -")-( $/.*.%-( -".( #%E,/1)-#,%( 0*.6( #%( K,*-MNEE.2-#3.%.**( )%6( K,*-(

<.%.E#-( )%)5+*#*( )%6'( -"./.E,/.'( 1,/.( /.5.3)%-( -,( -".( 9,/4( $/.*.%-.6( #%( -"#*(

6#**./-)-#,%(2)%()5*,(:.(2,%*-/02-.67((

(

F%( -".(2)*.(,E(2,*-(.EE.2-#3.%.**()%)5+*#*'( -".(DM)D#*(2)%($/.*.%-( -".(%01:./(,E(0%#-*(

)3./-.6( ;E7.7( E)-)5#-#.*'( -,%%.*( ,E( ,#5( ,/( .1#**#,%*A'( -".( +M)D#*( -".( 2,*-*( )%6( -".( 2,*-(

.EE.2-#3.%.**(/)-#,(2)%(:.(/.$/.*.%-.6(:+(-".(*#S.(,E(-".(:0::5.7(F%(-".(2)*.(,E(%.-(2,*-(

.EE.2-#3.%.**( #%6.D'( -".( +M)D#*( 2)%( $/.*.%-( -".( %.-( 2,*-( ;-")-( #*( -".( 2,*-( 1#%0*( -".(

:.%.E#-A( )%6( )( 6#EE./.%-( 2,5,0/( 2)%( :.( 0*.6( E,/( 1.)*0/.*( ;:0::5.*A( 9#-"( %.&)-#3.(

/)-#,*7((

(
O#&7`MYT(8#*4(Q)%)&.1.%-(U/,2.**(F!R(V=WWWTXWW>(M!,0/2.T(F!R(;XWW>)A(

(

8.2)55(-")-(#%(".)5-"(.2,%,1#2*(-".(2,*-(.EE.2-#3.%.**(/)-#,*()/.(:.#%&(.D-.%*#3.5+(0*.6(

)%6( 0*0)55+( -".( 6#EE./.%2.*( #%( /#*4'( 2,*-( )%6( :.%.E#-( :.-9..%( -".( )2-#,%( 0%6./(

2,%*#6./)-#,%()%6(-".(*-)-0*(f0,(;,/(*#1#5)/()2-#,%*A()/.(0*.67(G".(E,55,9#%&(E#&0/.(;O#&7(

`MYA( $/.*.%-*( -".( 2,*-M0-#5#-+( ,E( $./#-,%.)5( 6#)5+*#*( ;!)%2".S( .-( )57'XW=WA7( G".( :0::5.(

2")/-( #*($5,--.6()*( E,55,9*T( -".(",/#S,%-)5()D#*($/.*.%-*( -".(6#EE./.%2.( #%(1.)%(0-#5#-+(

*2,/.*'(-".(6#EE./.%2.(#%(1.)%(2,*-*(,E(-".#/(#%-./3.%-#,%($/,&/)11.(2,1$)/.6(-,(-".(

2,%*./3)-#3.( -"./)$+()/.(6#*$5)+.6()5,%&( -".(3./-#2)5()D#*()%6( -".(K,*-M0-#5#-+( /)-#,( #*(

/.$/.*.%-.6(:+(-".(*#S.(,E(-".(:0::5.*7(

(

O#/*-(,E()55'()(:0::5.(6#)&/)1(-")-(#550*-/)-.*(-".(20//.%-(")S)/6*(2)%(:.(0*.6(#%(^)S)/6(

F6.%-#E#2)-#,%( ;!-.$( =( #%( O,/1)5( !)E.-+( L**.**1.%-A( -,( #6.%-#E+( -".( )/.)*( 9"./.(

)--.%-#,%( #*( %..6.67( F%( -"#*( 2)*.'( .)2"( :0::5.( $/.*.%-*( -".( 20//.%-( /#*4C( ( -")-( #*( -".(

$/,:):#5#-+( )%6( 2,%*.f0.%2.( )**,2#)-.6(9#-"( .)2"( ")S)/67( <0::5.*( #%( -".( 0$$./( 5.E-(

2,/%./()/.()**,2#)-.6(9#-"("#&"(/#*4()%6(*",056(:.(-".(1)#%()/.)*(,E( #%3.*-#&)-#,%(-,(

#6.%-#E+($,**#:5.(/#*4(/.602-#,%(1.)*0/.*7( F%(-")-(2)*.(-".( #%E,/1)-#,%($/.*.%-.6(9#55(

:.(-".(*)1.(#%(-".(2)*.(,E()(/#*4(1)-/#D7(L*()%(.D-.%*#,%'(-".(:0::5.(*#S.(1)+(6#*$5)+(

-".( $,-.%-#)5( /#*4( /.602-#,%( -")-( 2)%( :.( )2"#.3.6( #E( )%( 8KR( #*( #1$5.1.%-.6'( ,/( -".(

1)D#101(/.602-#,%()2"#.3.6(:+()55($,**#:5.(8KR*7((
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G):5.(`M=T((U,**#:5.(3)/#):5.*($/.*.%-.6(#%(:0::5.(2")/-*(

k* PO6+>!\N!CI* lDAl!6* ^DAl!6* 6!mO* +C[C>*

7*

K/"/$;(*+%?#*

O<</(#;H/"/??*

!"&/G*

8#*4(/.602-#,%(

;#%(0%#-*(

)3./-.6A(

E7.(E)-)5#-#.*'(

-,%%.*(,E(,#5'(

-,%%.*(,E(KRX(

B#*2,0%-.6(

K,*-(,E(8KR(

,/(

B#*2,0%-.6(

_.-(K,*-(;#7.7(

K,*-M<.%.E#-A(

,E(8KR(

a/,**e_.-(

K,*-(

.EE.2-#3.%.**(

/)-#,(

B#EE./.%-(E,/((

8KR*(9#-"(

%.&)-#3.(

/)-#,(

;1)%6)-,/+A(

0*

I/#*+%?#*

O<</(#;H/"/??*

!"&/G*

B#*2,0%-.6(K,*-(

,E(8KR(

B#*2,0%-.6(

<.%.E#-((,E(

8KR(

8#*4(

/.602-#,%(;#%(

0%#-*(

)3./-.6A(

E7.(E)-)5#-#.*'(

-,%%.*(,E(,#5'(

-,%%.*(,E(

KRX(

(

1*

+%?#*`/"/<;#*

A"-B)?;?*

B#*2,0%-.6(K,*-(

,E(8KR(

B#*2,0%-.6(

<.%.E#-((,E(

8KR(

_.-(U/.*.%-(

J)50.(

B#EE./.%-(E,/((

8KR*(9#-"(

$,*#-#3.(_UJ((

2*

+%?#*`/"/<;#*

A"-B)?;?*

B#*2,0%-.6(K,*-(

,E(8KR(

B#*2,0%-.6(

<.%.E#-((,E(

8KR(

8#*4(

/.602-#,%(;#%(

0%#-*(

)3./-.6A(

B#EE./.%-(E,/((

8KR*(9#-"(

$,*#-#3.(_UJ((

3*

+%?#*`/"/<;#*

A"-B)?;?*

8#*4(/.602-#,%(

;#%(0%#-*(

)3./-.6A(

NEE.2-(L(

8#*4(

/.602-#,%(;#%(

0%#-*(

)3./-.6A(

NEE.2-((<(

_.-(U/.*.%-(

J)50.(

B#EE./.%-(E,/((

8KR*(9#-"(

$,*#-#3.(_UJ(

4*

+%?#*`/"/<;#*

A"-B)?;?*

8#*4(/.602-#,%((

.D$/.**.6(#%(

%,%(1,%.-)/+(

0%#-*(;E7.(

E)-)5#-#.*A(

8#*4(

/.602-#,%((

.D$/.**.6((#%(

1,%.-)/+(

0%#-*((

_.-(U/.*.%-(

J)50.(

B#EE./.%-(E,/((

8KR*(9#-"(

$,*#-#3.(_UJ(

(

(

(
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F%(-".(2,%-.D-(,E(-"#*(9,/4'(3)/#,0*(:0::5.(2")/-*(2)%(:.(#550*-/)-.6'(*..(O#&0/.(`M@((E,/(

*,1.("+$,-".-#2)5(.D)1$5.*()%6(G):5.(`M=(E,/(-".(3)/#,0*($,**#:5.(6#EE./.%-(3)/#):5.*(

-")-( 2)%( :.( $/.*.%-.6( :+( .)2"( :0::5.7( G".*.( 6#)&/)1*( 2)%( :.( $/.*.%-.6( #%( )(

f0)%-#-)-#3.(,/(f0)5#-)-#3.(E,/17(F%(*,1.(2)*.*'(6)*".6(5#%.*(2)%(:.(0*.6(-,(6#*$5)+(-".(

)22.$-):5.( /.&#,%*( ;*..( E,/(.D)1$5.( -".(2)*.(,E(_KLO()%6(aKLO(2/#-./#)(,/(3)50.*(,E(

-".(<eK(/)-#,(&/.)-./(-")%(=A()%6(6#EE./.%-(2,5,/*(E,/()22.$-.6(3)50.*(;*..(E,/(.D)1$5.'(

$,*#-#3.(_UJ(3)50.*(-")-(*)-#*E+(-".(K<L(2/#-./#,%A(

(

F-(#*(:.5#.3.6(-")-(-".():,3.(2)%(%,-(,%5+(".5$(-,(#550*-/)-.(-".(3)/#,0*(/.*05-*(:0-()5*,(

)**#*-(#%(-".(2,110%#2)-#,%(,E(-".(/.*05-*()1,%&(-".(/#*4()%)5+*-*(:0-()5*,(-".1()%6(

-".(6.2#*#,%(1)4./*7(

(

(

(

(

(

(

( (

O#&7`M@T(!,1.("+$,-".-#2)5(KNLeK<L(/.5)-.6(<0::5.(B#)&/)1*(

(

(
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&") Behavioral Risk Assessment$
K,D( ;XWW?A( $/.*.%-*( )%( .D)1$5.( -,( *0$$,/-( "#*( -".*#*( -")-( /#*4( /)%4#%&*( 6,( %,-(

%.2.**)/#5+( *0$$,/-( &,,6( 6.2#*#,%*( ,E( /.*,0/2.( )55,2)-#,%7( G".( .D)1$5.( #6.%-#E#.*( V(

6#EE./.%-(/#*4(/.602-#,%(,$$,/-0%#-#.*T(

L7 L2-(L(-")-(/.602.*(/#*4(E/,1(=WW(-,(?W7(F-(2,*-*(uVW7(

<7 L2-(<(-")-(/.602.*(/#*4(E/,1(YW(-,(=W7(F-(2,*-*(u\W7(

K7 L2-(K(-")-(/.602.*(/#*4(E/,1(XY(-,(W7(F-(2,*-*(uXW7(

G"#*(.D)1$5.(2)%(:.(2,%*-/02-.6( *,( -")-(6())&(80/& /0(20/& 72$C&0@+& /(C+&;(/+& )+=+)&$7&
21/3.&/(:&n\.&(%*&Y.V&(%*&J&2+*98+&21/3&;:&P\.S\&(%*Pn.&2+/A+801=+):>(;K,D'(XWW?A7(
(

L22,/6#%&(-,(-".(O!L(a0#6.5#%.*'(-".(2,*-(:.%.E#-()**.**1.%-(;!-.$(\A(,E(O,/1)5(!)E.-+(

L**.**1.%-(1)+(2,%*#*-(,E(.*-#1)-#%&()%6(2,1$)/#%&(D&0@+&8$/0&+77+801=+%+//&$7&+(8@&
$A01$%.&1%&0+2C/&$7&0@+&8$/0&&A+2&9%10&21/3&2+*9801$%&;:&*1=1*1%5&0@+&%+0&8$/0&;:&0@+&21/3&
2+*9801$%& (8@1+=+*& (/& (& 2+/9)0& $7& 1CA)+C+%01%5& 0@+& $A01$%D( ;!-)&.( \A( )%6( D2(%3& 0@+&
IJH/& 72$C& (& 8$/0R;+%+710& A+2/A+801=+& 1%& $2*+2& 0$& 7(81)10(0+& 0@+& *+81/1$%RC(31%5&
2+8$CC+%*(01$%/>?( O,55,9#%&( -"#*( /)-#,%)5.'( -".( 2,*-( $./( 0%#-( ,E( /#*4( /.602-#,%( #*(
2)5205)-.6(E,/(.)2"()2-7((

(
O#&7`M`T(<0::5.(B#)&/)1(-,(:.(0*.6(E,/(/#*4(/)%4#%&(

(

F%(-".(<0::5.(B#)&/)1():,3.(-".(:0::5.(*#S.(#550*-/)-.*(-".(2,*-*($./(0%#-(,E(/.602-#,%7(

R%.(2,056( -/)%*5)-.( -".(20//.%-(O!L(2/#-./#)()*( E,55,9*T( ( H-".(*1)55./(*#S.( -".(:.--./I7(

<)*.6( ,%( -")-'( K( #*( $/.E.//.6( -")%( <( )%6( L( -")%( K7( ^,9.3./'( K,D( ;XWW?A( 2,//.2-5+(

)/&0.*( -")-( &#3.%( )( :06&.-( 2,%*-/)#%'( -"#*( /)%4#%&( 6,.*( %,-( 5.)6( -,( -".( ,$-#1)5(

)55,2)-#,%(,E(/.*,0/2.*(0*#%&(-".(E,55,9#%&(/)-#,%)5.7(O,/()(:06&.-(,E(u\W'(-".( 5)/&.*-(

/#*4(/.602-#,%(#*()2"#.3.6(:+(<7(L-(uYW(E0%6#%&(L()%6(K()2"#.3.*(-".(&/.)-.*-(/.602-#,%7(

O#%)55+'(E,/()(:06&.-(,E(u@W(:.*-(,$-#,%(#*(-,(E0%6(<()%6(K7((<,-"(KNL()%6(K<L(2)%(:.(

0*.6(-,(2",,*.(-".(,$-#1)5(*,50-#,%*7(O,/(-".(6.2#*#,%(/05.*()$$5#.6(#%(KNL'(*..(!.2-#,%(

X7X7Y7( ( ^,9.3./'( #-( #*( 102"( .)*#./( -,( 2",,*.( -".( ,$-#101(1#D( ,E( )2-#,%*( :+( 0*#%&(

#%-.&./($/,&/)11#%&7(
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G".( ,$-#1)5( /.*,0/2.( )55,2)-#,%( E,/( )( *.-( Q( ,E( 10-0)55+( .D250*#3.( $/,P.2-*( 2)%( :.(

/.$5)2.6(:+(-".(E,55,9#%&(5#%.)/($/,&/)11#%&($/,:5.1(;ZUA((

!"#$!$%&!! !! ( !"#$%&'!!"! !! !
!! !"!!"#$%&'!!"!!"#$%"%&'%(
!! !"!!"#!!"#$%"%&'%(!!!!!!!!!!!! (

!!!! ! !(

9"./.(.()%6(2()/.(-".(.EE.2-#3.%.**(;.7&7(5#3.*()3./-.6'(c0)5#-+(L6P0*-.6(+.)/*'(-,%.*(,E(

KRX( ,/( ,#5( )3./-.6( ,/( )%+( 0%#-*( ,E( .EE.2-A( )%6( -".( 2,*-( ,E( $/,P.2-( #7( _,-.( -")-( -"#*(

/)-#,%)5.(2)%(:.(.D-.%6.6(#E()($./2.%-(,E(.)2"($/,P.2-(#*(#1$5.1.%-.6(:0-(-"#*(#*(,0-(,E(

-".(*2,$.(,E(-"#*(9,/47(

(

_,9'(#1)&.(-")-(-".(2,*-(E,/(L2-(V(#*(uYW(#%*-.)6(,E(uXW7(U/#,/#-+(/)%4#%&(:)*.6(,%(-".(

2,*-($./(0%#-(.3.%(0%6./(%,(:06&.-(2,%*-/)#%*( /)%4*(L2-(<( 5)*-7(^,9.3./'(",9(1)%+(

6.2#*#,%(1)4./*(9,056($/.E./(K(1,/.(-")%(Lk( F()**01.(1)%+7( (U./*,%)55+( #E( F(")6(-,(

2",,*.()1,%&(-".*.(-"/..($/,P.2-*(F(9,056(6.E#%#-.5+(2",,*.(K7(G")-(#*(%,-()%(0%0*0)5(

:.")3#,/7(((

(

G".(E,55,9#%&(.D)1$5.'(60.(-,(m.24")0*./'(#550*-/)-.*()(*#1#5)/(:.")3#,/7(!0$$,*.(+,0(

)/.(2,1$.55.6(-,($5)+(80**#)%(/,05.--.'(:0-()/.(&#3.%(-".(,$$,/-0%#-+(-,($0/2")*.(-".(

/.1,3)5( ,E( ,%.( :055.-( E/,1( -".( 5,)6.6( &0%7( 6T$9)*& :$9& A(:& (/&C98@& 0$& 2+*98+& 0@+&
%9C;+2&$7&;9))+0/&72$C&7$92&0$&0@2++&(/&:$9&E$9)*&0$&2+*98+&0@+&%9C;+2&$7&;9))+0/&72$C&
$%+&0$&,+2$h6&Q,*-(/)-#,%)5($.,$5.(9,056(:.(9#55#%&(-,($)+(102"(1,/.(E,/()(/.602-#,%(

,E(-".($/,:):#5#-+(,E(6.)-"(E/,1(=e@(-,(S./,(-")%(E,/()(/.602-#,%(E/,1(\e@(-,(Ve@7(

(

8.*.)/2"(,%(-".(:.")3#,/(,E($.,$5.(")*(*0$$,/-.6(-".(6A2+7+2+%8+&7$2&2+*981%5&(&/C())&
21/3& 0$& ,+2$& $=+2& (& 52+(0+2& 2+*9801$%& 1%& (& )(25+2& 21/3>'( )( ".0/#*-#2( :#)*( 4%,9%( )*( -".(
HS./,M:#)*I( .EE.2-7( F%( )66#-#,%'( -".( $*+2",5,&#2)5( H2./-)#%-+( .EE.2-I( #1$5#.*( -")-( )(

/.602-#,%(E/,1(W7=(-,(W(1)+(:.(1,/.(3)50)-.6(-")%()(/.602-#,%(E/,1'(*)+'(W7\(-,(W7V(

*#%2.(#-(62+A)(8+/&9%8+20(1%0:&E10@&8+20(1%0:>(;K,D'(XWWYA7(^,9.3./'(%,-.(-")-(S./,(/#*4(
1)+( %,-( .D#*-( #%( $/)2-#2.( E,/( 1)%+( )2-#3#-#.*( 60.( -,( -.2"%,5,&#2)5( )%6( .2,%,1#2)5(

2,%*-/)#%*7( F-( ")*( :..%( )5*,( .1$#/#2)55+( 3./#E#.6( -")-( $.,$5.( )/.( 9#55#%&( -,( $)+(

6#*$/,$,/-#,%)-.5+(1,/.(-,(6.2/.)*.("#&"./(1,/-)5#-+(/#*47(

(

G"./.E,/.'(9.(2,056()/&0.(-")-(6.2#*#,%(1)4./*()%6( 5)+($.,$5.($/,:):5+(3)50.(1,/.(

/.602-#,%*( -,9)/6*( S./,7( G"#*( #*( %,-( -".( ,%5+( :#)*( #%( 6.2#*#,%(1)4#%&7( 8.*.)/2"( ")*(

$/,3.6( -")-( 5)+( $.,$5.( )%6( 6.2#*#,%(1)4./*( )/.( p".0/#*-#2)55+( :#)*.6p( #%(1)%+(9)+*(

9".%( 6.2#6#%&(9"#2"( *)E.-+(1.)*0/.*( ")3.( -,( :.( $/#,/#-#S.6( ;!5,3#2( .-( )57'( XWWWA7( F%(

-",*.( 2)*.*( 9.5E)/.( .2,%,1#2*( )/.( 25.)/5+( ,:5#&.6( -,( *-/)+( E/,1( -".( /#*4M%.0-/)5(

$,*#-#,%()%6(-".(.D$.2-#%&(0-#5#-+(1)D#1#S)-#,%7(
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7.4.1 Brief Introduction to Risk Perception 
<.")3#,/)5(.2,%,1#2*()%6(%,%M.D$.2-.6(0-#5#-+(-".,/#.*(;*02"()*(UGA(#%($)/-#205)/(")3.(

$/.*.%-.6(3)/#,0*(".0/#*-#2*()%6(:#)*.*(-")-(1)+()*(9.55()$$5+(#%(/#*4()%)5+*#*7(G"./.(#*(

%,(6,0:-(-")-(-".*.(*",056(:.(-)4.%(#%-,()22,0%-(9".%($./E,/1#%&()(*,2#.-)5(K<L()%6(

)(/#*4()**.**1.%-(9"#2"(-/#.*(-,(#6.%-#E#.*($,5#2+(1.)*0/.*7(8.&05)-#,%*()/.(-,(:.%.E#-(

-".(*,2#.-+()%6(#-(#*(-".(*,2#.-+I*($./2.#3.6(3)50.*(-")-(*",056(:.(-)4.%(#%-,()22,0%-7(F%(

)66#-#,%'( -".*.(:#)*.*(1)+(".5$( /.2,&%#S.( *,1.(,E( -".( 2,11,%($/,:5.1*( #6.%-#E#.6(

9".%( $./E,/1#%&( /#*4( )%)5+*#*'( E7.( 9".%( .D$./-( P06&1.%-( #*( #%3,53.67( F%6..6'( !5,3#2(

;=>?`A( *-)-.*( -")-( 60@$/+& E@$& A2$C$0+& (%*& 2+59)(0+& @+()0@& (%*& /(7+0:& %++*& 0$&
9%*+2/0(%*&@$E&A+$A)+&0@1%3&(;$90&(%*&2+/A$%*&0$&21/3?&T10@$90&/98@&9%*+2/0(%*1%5.&
E+))R1%0+%*+*&A$)181+/&C(:&;+&1%+77+801=+?>(

g.(*")55(%,9(:/#.E5+(E,20*(,%(/#*4($./2.$-#,%'(9"#2"(#*(-".(*0:P.2-#3.(P06&1.%-(-")-(5)+(

$.,$5.(1)4.():,0-(-".(2")/)2-./#*-#2*(,E()(/#*47(G"./.()/.(1)#%5+(-"/..(-+$.*(,E(-".,/+(

")3.( :..%( 6.3.5,$.6( -,( .D$5)#%( -".( 6#EE./.%2.*( #%( -".( .*-#1)-.*( ,E( /#*4( :.-9..%(

$.,$5.T( $*+2",5,&+( )$$/,)2".*( ;".0/#*-#2*( )%6( 2,&%#-#3.A'( )%-"/,$,5,&+e*,2#,5,&+(

)$$/,)2".*( ;205-0/)5( -".,/+A( )%6( #%-./6#*2#$5#%)/+( )$$/,)2".*( ;*,2#)5( )1$5#E#2)-#,%(,E(

/#*4(E/)1.9,/4A7(

g.(%,-.( -")-( -"./.( #*( )("0&.()1,0%-(,E( 5#-./)-0/.(,%( -"#*( #**0.'(9"#2"( #*(,0-(,E( -".(

*2,$.(,E(-"#*(9,/4(-,($/.*.%-7(L(4.+(.)/5+($)$./(9)*(9/#--.%( #%(=>@>(:+(!-)//(0*.6()(

/.3.)5.6($/.E./.%2.()$$/,)2"(-,( #6.%-#E+(/#*4*(-")-(1)+(:.(2,%*#6./.6()22.$-):5.(:+(

*,2#.-+7( F%()66#-#,%'(.)/5+($*+2",1.-/#2(/.*.)/2"(:+([)"%.1)%()%6(G3./*4+(#6.%-#E#.6(

*,1.( ".0/#*-#2*( -")-( 1)+( 5.)6( -,( #%)220/)-.( P06&1.%-*'( *..( -".( E,55,9#%&( G):5.7(

O0/-"./1,/.'( *,2#)5()1$5#E#2)-#,%( #*( -/#&&./.6(:+( -".(,220//.%2.(,E()%()63./*.(9"#2"(

*,1.-#1.*( .D-.%6( E)/( :.+,%6( -".( 6#/.2-( 6)1)&.*( -,( 3#2-#1*( )%6( $/,$./-+( )%6(1)+(

/.*05-( #%( 1)**#3.( #%6#/.2-( #1$)2-*( *02"( )*( 5#-#&)-#,%( )&)#%*-( )( 2,1$)%+'( #%2/.)*.6(

/.&05)-#,%(,E()%(#%60*-/+'()%6(*,(,%(;[)*$./*,%(.-()57'(=>??A7(

(

_,-#%&( -")-( #-( #*( ,0-( ,E( -".( *2,$.( ,E( -"#*( 9,/4( -,( $/.*.%-( -".( /.5.3)%-( -".,/#.*( 9.(

6.*2/#:.(*,1.(1)P,/(".0/#*-#2*()%6(:#)*.6(-")-()/.(,E(#%-./.*-(9#-"#%(,0/(9,/47(

(

O#/*-5+'( #%( G):5.( `MX( 9.( $/.*.%-( -".( -"/..( &.%./)5( $0/$,*.( ".0/#*-#2*( ;)3)#5):#5#-+'(

/.$/.*.%-)-#3.%.**( )%6( )%2",/#%&( )%6( )6P0*-1.%-A( -")-(9./.( ,/#&#%)55+( #6.%-#E#.6( :+(

[)"%.1)%()%6(G3./*4+(;=>`\A(#%(-".(.)/5+($*+2",1.-/#2(/.*.)/2"7(

(

(

(
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G):5.(`MXT((<#)*.*()%6(^.0/#*-#2*($/.*.%-.6(#%([)"%.1)%()%6(G3./*4+(;=>`\A(

 
`;-?/?*%$*9/'$;?#;(?* P/?($;.#;%"*8E-?/&*%"*/-$B)*R%$@*%<*d-,"/F-"*-"&*NH/$?@)=*

(

>/.$/?/"#-#;H/"/??**

*

*

*

*

*

*

*

*

*

*

*

AH-;B-E;B;#)*,/'$;?#;(*

*

*

*

*

A"(,%$;"L*-"&*

-&b'?#F/"#*

(

L( ".0/#*-#2( )22,/6#%&( -,( 9"#2"( $.,$5.( .*-#1)-.( -".( $/,:):#5#-+( ,/(

E/.f0.%2+( ,E( )( "+$,-".*#*( :+( 2,%*#6./#%&( ",9( 102"( -".( "+$,-".*#*(

/.*.1:5.*()3)#5):5.(6)-)7(

U/,:):#5#-+( -".,/+( 6#2-)-.*( -")-( -".( $/,:):#5#-+( ,E( -".( 2,%P0%2-#,%( ,E(

-9,(*.-*(10*-(:.(5.**(-")%(,/(.f0)5(-,(-".($/,:):#5#-+(,E(:.#%&(.#-"./(,E(

-".( *.-*7( ^,9.3./'( /.*.)/2"( #%6#2)-.6( -")-( $.,$5.( P06&.6( -".(

2,%P0%2-#,%( )*( :.#%&( 1,/.( $/,:):5.7( F%( )66#-#,%'( -".(

/.$/.*.%-)-#3.%.**( ".0/#*-#2( #*( /.5)-.6( -,( -".( -.%6.%2+( ,E( $.,$5.( -,(

#&%,/.$/#,/(*-)-#*-#2)5(#%E,/1)-#,%(;:)*.M/)-.(E/.f0.%2#.*A(9".%(1)4#%&(

)**.**1.%-*( ):,0-( $/,:):#5#-#.*( 9"#2"( #*( 2,%-/)/+( -,( -".( <)+.*I(

G".,/.17((

(

N3.%-*( -")-( 2)%( :.( 1,/.( .)*#5+( :/,0&"-( -,( 1#%6( ,/( -",0&"-( ,E( )/.(

P06&.6(-,(:.(1,/.(5#4.5+(-")%(.3.%-*(-")-(2,056(%,-(.)*#5+(:.(#1)&#%.67(

_,-.(-")-(#-(#*()5*,(.)*#./(E,/(0*(-,(/.2)55(#%E,/1)-#,%(9"#2"(")*(/.2.%-5+(

)//#3.67(

(

L%2",/#%&()%6()6P0*-1.%-( #%3,53.*(D/0(201%5&72$C&(%& 1%101()&=()9+&0@(0&
1/&(*<9/0+*&0$&:1+)*&0@+&71%()&(%/E+2?&W@+&1%101()&=()9+.&$2&/0(201%5&A$1%0.&
C(:& ;+& /955+/0+*& ;:& 0@+& 7$2C9)(01$%& $7& 0@+& A2$;)+C.& $2& 10& C(:& 0@+&
2+/9)0&$7&(&A(201()&8$CA90(01$%?&F%&+10@+2&8(/+.&(*<9/0C+%0/&(2+&0:A18()):&
1%/977181+%0D(;!5,3#2(t(Z#2"-.%*-.#%'(=>`=C(G3./*4+(t([)"%.1)%'(=>`\A(

 
!.2,%65+'( *,1.(".0/#*-#2*()%6(:#)*.*( -")-()/.( /.5)-.6( -,(U/,*$.2-(G".,/+'(9"#2"(9)*(

6.*2/#:.6(#%(-".($/.3#,0*(!.2-#,%'()/.(#550*-/)-.6(#%(G):5.(`MV7(

 
G".( /.)6./( #*( /.E.//.6( -,( !5,3#2;XWWWC( XW==A'( -9,( .D2.55.%-( :,,4*( -")-( 2,3./( 1,*-(

.**.%-#)5(4%,95.6&.(,%(/#*4($./2.$-#,%7(F%(-".(6,1)#%(,E(/.E.//.6(P,0/%)5($)$./*((*,1.(

#%-./.*-#%&(/.)6#%&*()/.()*(E,55,9*(T8.&)/6#%&((/#*4($./2.$-#,%(*..(!5,3#2()%6(O#*2"",EE(

;=>?XA'( U#&.,%( .-( )57( ;=>>XA7( ^01)%( /.)*,%#%&( )%6( 6.2#*#,%( :#)*.*( ")3.( :..%(

/.$.)-.65+( 6.1,%*-/)-.6( #%( .1$#/#2)5( *-06#.*( ;*..( [)"%.11)%'( !5,3#2'( t( G3./*4+'(

=>?XC( !5,3#2'( Z#2"-.%*-.#%'(t( O#*2"",EE'=>??C( G3./*4+(t([)"%.1)%'( =>?@A7(Q,/.,3./'(

*..([)*$./*,%(;XWWYA'(U#&.,%(.-()57(;XWWVA(E,/(-".(*,2#)5()1$5#E#2)-#,%*(,E(/#*47(

O#%)55+'( -"#*( )/.)( ")*( )5*,( :..%( )66/.**.6( 9#-"#%( -".( 2,%-.D-( ,E( O,/1)5( !)E.-+(

L**.**1.%-(;)%6(1)#%5+()*(/.&)/6*(.D$./-(P06&1.%-A(#%(!4P,%&()%6(g.%-9,/-"(;XWW=A'(

8,*f3#*-()%6(G0,1#%.%(;XWWVA()%6(a#)%%)4,$,05,*(.-()57(;XWW`A7(
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(

G):5.(`MVT((<#)*.*(/.5)-.6(-,(U/,*$.2-(G".,/+(T(<)*.6(,%(;qA(

 
`;-?/?*%$*9/'$;?#;(?* P/?($;.#;%"**

(

O"&%RF/"#*O<</(#**

*

*

*

*

[%??*AH/$?;%"*

*

*

*

\?/'&%(/$#-;"#)*

O<</(#*

*

*

m/$%D>;?@*`;-?*

*

*

(

G".( -.%6.%2+( ,E( 6.2#*#,%M1)4./*( -,( $5)2.( )( "#&"./( 3)50.( ,%( ,:P.2-*(

-".+( ,9%( -")%( ,%( ,:P.2-*( -".+( 6,( %,-7( F-( .D$5)#%*(9"+( $.,$5.( /)/.5+(

.D2")%&.()($/,602-(-".+(")3.()5/.)6+($0/2")*.6(E,/()(:.--./($/,602-7(

;[)"%.1)%'[%.-*2"'()%6(G")5./(=>>WA7(

(

G".( -.%6.%2+( ,E( 6.2#*#,%M1)4./*( -,( $/.E./( )3,#6#%&( 5,**.*( 3./*0*(

)2f0#/#%&( &)#%*7( F%( /#*4( )**.**1.%-( #-( #*( )**,2#)-.6( 9#-"( /#*4( )3./*#,%(

)%6(9#-"(-".(E)2-(-")-(gGU(#*(5.**(-")%(gGL(E,/(-".(*)1.(&,,67(

(

G".(#%25#%)-#,%(-,(1)4.(/#*4M)3./*.(2",#2.*(#E(-".(.D$.2-.6(,0-2,1.(#*(

$,*#-#3.'( :0-( 1)4.( /#*4M*..4#%&( 2",#2.*( -,( )3,#6( %.&)-#3.( ,0-2,1.*(

;G3./*4+()%6([)"%.1)%(=>?=C(!5,3#2'(O#*2"",EE'()%6(Z#2"-.%*-.#%(=>?XA7(

(

G".( $/.E./.%2.( E,/( /.602#%&( )( *1)55( /#*4( -,( S./,( ,3./( )( &/.)-./(

/.602-#,%(#%()(5)/&./(/#*47(F%6#3#60)5*(1)+($/.E./(*1)55(:.%.E#-*(-")-()/.(

2./-)#%(-,(5)/&.(,%.*(-")-()/.(0%2./-)#%7(

(

7.4.2 Non-expected Utility Theory within CBA and FSA 
_,9'(/.2)55(-")-(0%6./(/#*4(%.0-/)5#-+($.,$5.(2)5205)-.6(-".(.D$.2-.6(1,%.-)/+(3)50.(

;NQJA( ,E( .)2"( ,$-#,%( )%6( 2",*.( -".( ,%.(9#-"( -".( "#&".*-( NQJ7( G".(9.55M4%,9%( !-7(

U.-./:0/&(U)/)6,D(#*("#*-,/#2)55+( #1$,/-)%-(:.2)0*.(#-( 5.6(<./%,055#(;=`V?A(-,(6.3.5,$(

.D$.2-.6(0-#5#-+7(

(

O,/( 1)%+( +.)/*( ;$/,:):5+( *#%2.( -".( .)/5+( .#&"-..%-"( 2.%-0/+A( -".( 25)**#2( .2,%,1#2(

-".,/+( *0&&.*-.6( -")-( $.,$5.( E,55,9( -".( %,/1*( ,E( .D$.2-.6( 0-#5#-+( 1)D#1#S#%&( )*(

6.*2/#:.6( :+( -".( ND$.2-.6( 0-#5#-+( -".,/+( ;NbGA( -")-(9)*( E#/*-( #%-/,602.6( :+(_#2",5)*(

<./%,055#(;<./%,055#'(=`V?A(#%("#*(E)1,0*(/.*,50-#,%(,E(-".(!-7(U.-./*:0/&(U)/)6,D()%6(

9)*( E,/1)55+( )D#,1)-#S.6( :+( 3,%( _.01)%%( )%6( Q,/&.%*-./%( ;=>>\A( #%( -".#/(

6.3.5,$1.%-(,E( -".(&)1.( -".,/+7( NbG( *-)-.*( -")-(9".%(1)4#%&(6.2#*#,%*(0%6./( /#*4(

$.,$5.(2",,*.(-".(,$-#,%(9#-"(-".("#&".*-(0-#5#-+'(9"#2"(6.$.%6.%-*(,%(-".($,-.%-#)5(

,0-2,1.*'( !!'( -".( *0:P.2-#3.( 0-#5#-+( ,E( .)2"( ,0-2,1.'( b;!!A'( )%6( -".( $/,:):#5#-+( ,E(
,220//.%2.(,E(.)2"(,0-2,1.'(!!)*(6.*2/#:.6(:+(-".(E,55,9#%&(.f0)-#,%T(

!" ! ! !!!!!!!(
(
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R3./( -".( +.)/*'( NbG( ")*( :..%( 2")55.%&.6( :+(1)%+( *2#.%-#*-*( #%2506#%&( L55)#*( ;=>YXA'(

9",'(#%("#*($)-"M:/.)4#%&()%)5+*#*'(*",9.6(-")-(-".()**01$-#,%(-")-(0-#5#-+(#*(5#%.)/(#%(

$/,:):#5#-#.*( #*( %,-( )59)+*( *)-#*E#.6( )%6( -")-( )2-0)55+( 6.2#*#,%( 1)4./*(

6#*$/,$,/-#,%)-.5+( $0-( 1,/.( 9.#&"-( -,( 5,9M$/,:):#5#-+( "#&"M2,%*.f0.%2.( .3.%-*7( F%(

*",/-'(L55)#*r*(;=>YVA(E)1,0*(.D)1$5.(2")55.%&.6(-".($/#%2#$5.(,E( 5#%.)/#-+(:+(*",9#%&(

-")-( -".( 6#EE./.%2.( :.-9..%( $/,:):#5#-#.*( ,E( 7>>( )%6( =7WW( ")*( 1,/.( #1$)2-( ,%(

$/.E./.%2.*(-")%(-".(6#EE./.%2.(:.-9..%(W7=W()%6(W7==7(G"#*($)/)6,D(6#/.2-5+(E)5*#E#.*(

#%6.$.%6.%2.(;,%.(,E(-".()D#,1*(,E(NbGA'()%6( #*(-".(1,*-(9.55M4%,9%($/,,E(-")-(Nb(

2)%(:.(3#,5)-.67(((

(

F%( )66#-#,%'( )( *0:*-)%-#)5( :,6+( ,E( $*+2",5,&#2)5( /.*.)/2"'(1)#%5+( ,%( :#)*.*( ;*,1.( ,E(

9"#2"(9#55(:.($/.*.%-.6(:.5,9A'(*",9*(-")-(6.2#*#,%(1)4./*(*+*-.1)-#2)55+(3#,5)-.(-".(

:)*#2(-.%.-*(,E(%,/1)-#3.(-".,/#.*(*02"()*(-".(ND$.2-.6(b-#5#-+(G".,/+7((

(

F-(#*(,0-(,E(-".(*2,$.(,E(-"#*(9,/4(-,($/.*.%-()55(-".()5-./%)-#3.*(-,(.D$.2-.6(0-#5#-+;E,/(

/.3#.9*'(*..(K)1././'=>?>C(O#*":0/%'(=>??C(Q)2"#%)'(=>?`A7g.(*")55($/.*.%-(-".(1,*-(

#%E50.%-#)5( ,%.T( $/,*$.2-( -".,/+( ;[)"%.1)%( )%6( G3./*4+'( =>`>C( G3./*4+( )%6(

[)"%.1)%'(=>>XA7(

(

7.4.3 Prospect Theory (PT) 
U/,*$.2-( -".,/+( ;UGA(*0&&.*-*( -")-($.,$5.($0-(*0:P.2-#3.(9.#&"-*(:,-"(,%(3)50.*()%6(

$/,:):#5#-#.*( )%6( -")-( $.,$5.( )**,2#)-.( -".(9.#&"-( ,E( -".*.( 3)50.*( )%6( $/,:):#5#-#.*(

9#-"( $,*#-#3.( ,0-2,1.*( ;#7.'( &)#%*A( 6#EE./.%-5+( E/,1( -",*.( )**,2#)-.6( 9#-"( %.&)-#3.(

,0-2,1.*( ;#7.'( 5,**.*A7(g"./.)*( NbG( 6.E#%.*( -".( 3)50.( ,E( )( 2",#2.( ,%( -".( ,0-2,1.*(

;-".(E#%)5()**.-A'(UG(6.E#%.*(-".1(,%(-".($/,*$.2-*(;&)#%*()%6(5,**.*A7((

*

L22,/6#%&( -,( U/,*$.2-( G".,/+'( -".( *0:P.2-#3.( 3)50.( UGJ( ,E( -".( $/,*$.2-( R( ;9"#2"(

6.$.%6.%-*(,%(-".($,-.%-#)5(,0-2,1.*'(!!!!2)%(:.(6.-./1#%.6()*(E,55,9*T(

!"# ! ! !!!!!!!!!!(
9"./.(í;âA(#*(-".(9.#&"-#%&(E0%2-#,%(,E(-".(,:P.2-#3.($/,:):#5#-#.*()%6(0;âA(#*(-".(

9.#&"-#%&(E0%2-#,%(,E(-".(,:P.2-#3.($/,:):#5#-#.*'(6#EE./.%-(E,/(&)#%*(()%6(5,**.*7(

]$0+& 0@(0& 0@+& $2151%()& A2+/+%0(01$%& $7& 4W& *+()/& E10@& A2$/A+80/& E10@& (0& C$/0& 0E$&
%$%,+2$& $908$C+/O& 1?+?.& A2$/A+80/& $7& 0@+& 7$2C& AN#N.AP#P.AQ\.& ()0@$95@& 0@1/& 8(%& ;+&
+#0+%*+*&0$&C9)01A)+&$908$C+/?&&

*

G".(3)50.(E0%2-#,%(#*(6.E#%.6(,%(6.3#)-#,%*(E/,1()(/.E./.%2.($,#%-'(9"#2"(#*(#%(5#%.(9#-"(

-".( 9,/4( ,E( Q)/4,9#-S( ;=>YXA( -")-( $/.*.%-*( ,0-2,1.*( )*( $,*#-#3.( ,/( %.&)-#3.(

6.3#)-#,%*(E/,1()(n%.0-/)5(/.E./.%2.(,0-2,1.o'(9"#2"(#*()**#&%.6()(3)50.(,E(S./,7((
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^,9.3./'( 0%5#4.( Q)/4,9#-S( -".( 3)50.( E0%2-#,%( $/,$,*.6( E,55,9*( -".( 2,11,%5+( !(

*")$.()%6(#*(%,/1)55+(2,%2)3.(E,/(&)#%*(;#1$5+#%&(/#*4()3./*#,%A'(2,11,%5+(2,%3.D(E,/(

5,**.*( ;/#*4( *..4#%&A( )%6( #*( &.%./)55+( *-..$./( E,/( 5,**.*( -")%( E,/( &)#%*( ;5,**( )3./*#,%A(

;*..(O#&0/.(`M?)(:.5,9A7(G".*.($/,$./-#.*(")3.(:..%(*0$$,/-.6(#%()(%01./,0*(*-06#.*(

,E( 2",#2.( 0%6./( /#*4( -")-( #%3,53.( 1,%.-)/+( ,0-2,1.*( ;O#*":0/%( )%6( [,2".%:./&./'(

=>`>C([)"%.1)%()%6(G3./*4+'(=>`>A7(

(

*
*

O#&7`M?T(^+$,-".-#2)5(H3)50.(E0%2-#,%I()%6(H$/,:):#5#-+(E0%2-#,%I(;[)"%.1)%()%6(G3./*4+'(=>`>A(

(

F%()66#-#,%'(%,-.(-")-(-".(0*.(,E(6.3#)-#,%*(/)-"./(-")%(E#%)5(,0-2,1.*( #*( #%( 5#%.(9#-"(

-".( 9,/4( ,E( Q)/4,9#-S( ;=>YXA( -")-( $/.*.%-*( ,0-2,1.*( )*( $,*#-#3.( ,/( %.&)-#3.(

6.3#)-#,%*( E/,1( )( n%.0-/)5( /.E./.%2.( ,0-2,1.o'( 9"#2"( #*( )**#&%.6( )( 3)50.( ,E( S./,7(

^,9.3./'( 0%5#4.( Q)/4,9#-S( -".( 3)50.( E0%2-#,%( $/,$,*.6( E,55,9*( -".( 2,11,%5+( !(

*")$.(;*..(O#&0/.(`?M?)A'(2,%3.D(:.5,9(-".(/.E./.%2.($,#%-'()%6(2,%2)3.():,3.(#-7((

*

F%( U/,*$.2-( G".,/+( $/,:):#5#-#.*( )/.( /.$5)2.6( :+( 6.2#*#,%(9.#&"-*( #%( ,/6./( -,( ,:-)#%(

9")-(9.(1)+(/.E./(-,()*(r*0:P.2-#3.($/,:):#5#-#.*r7(B.2#*#,%(9.#&"-*()/.(&.%./)55+(5,9./(

-")%( -".( 2,//.*$,%6#%&( $/,:):#5#-#.*'( .D2.$-( #%( -".( /)%&.( ,E( 5,9( $/,:):#5#-#.*( ;*..(

O#&0/.( ?MX:( E,/( )( -+$#2)5( *")$.( ,E( -".(9.#&"-#%&( E0%2-#,%A7( B.2#*#,%(9.#&"-*( )/.( %,-(

$/,:):#5#-#.*T( -".+(6,(%,-(,:.+( -".($/,:):#5#-+( )D#,1*( ;-".+( *01(6,.*(%,-( )66( -,(=A(

)%6(-".+(*",056(%,-(:.(#%-./$/.-.6()*(1.)*0/.*(,E(6.&/..(,/(:.5#.E(()*(-".+(1.)*0/.(

-".( #1$)2-( ,E( .3.%-*( ,%( -".( 6.*#/):#5#-+( ,E( $/,*$.2-*'( )%6( %,-(1./.5+( -".( $./2.#3.6(

5#4.5#",,6(,E(-".*.(.3.%-*(;[)"%.1)%()%6(G3./*4+'(X>`>A7*

*

_,-.(-")-(-".(,/#&#%)5(3./*#,%(,E(UG((#*(2,%2./%.6(9#-"(*#1$5.($/,*$.2-*(,E(-".(E,/1(;D'(

$C( +'( f( A'9"#2"( ")3.( )-( 1,*-( -9,( %,%MS./,( ,0-2,1.*7( ^,9.3./'( -".( .D-.%*#,%( -,((

$/,*$.2-*( 9#-"( )%+( %01:./( ,E( ,0-2,1.*( #*( *-/)#&"-E,/9)/67( [)"%.1)%( )%6( G3./*4+(

;=>`>A(%,-.(-")-(9".%(-".(%01:./(,E(,0-2,1.*(#*(5)/&.()66#-#,%)5(.6#-#%&(,$./)-#,%*(

1)+(:.( #%3,4.6( -,( *#1$5#E+( .3)50)-#,%7( F%( )66#-#,%'( )5-",0&"( -".(,/#&#%)5( UG( #%3,53.*(
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2",#2.*(9#-"(1,%.-)/+(,0-2,1.*'(-".(-".,/+(2)%(:.()$$5#.6(60$&8@$18+/&1%=$)=1%5&$0@+2&
(0021;90+/.&+?5?.&B9()10:&$7& )17+&$2& 0@+&%9C;+2&$7& )1=+/& 0@(0& 8$9)*&;+& )$/0&$2& /(=+*&(/&(&
8$%/+B9+%8+&$7&(&A$)18:&*+81/1$%>?(

7.4.4 Cumulative Prospect Theory (CPT) 
G3./*4+( )%6( [)"%.1)%( ;=>>XA( *0$./*.6.6( -".#/( ,/#&#%)5( $/,*$.2-( -".,/+( 9#-"(

20105)-#3.( $/,*$.2-( -".,/+( ;9"#2"( -".+( 2,%E#/1.6( :+( )( *./#.*( ,E( .D$./#1.%-*A( -")-(

.1$5,+*( 20105)-#3.( /)-"./( -")%( *.$)/):5.( 6.2#*#,%( 9.#&"-*'( )$$5#.*( -,( 0%2./-)#%( )*(

9.55()*(9#-"()%+(%01:./(,E(,0-2,1.*()%6( #-()55,9*(6#EE./.%-(9.#&"-#%&( E0%2-#,%*( E,/(

&)#%*()%6(E,/( 5,**.*7(L22,/6#%&(-,(G3./*4+()%6([)"%.1)%'(-".(,/#&#%)5(UG(.%2,0%-./*(

-9,($/,:5.1*(/.5)-.6(-,( -".(9.#&"-#%&( E0%2-#,%T( #-(6,.*(%,-()59)+*(*)-#*E+(*-,2")*-#2(

6,1#%)%2.( ;)%()**01$-#,%( -")-(1)%+( -".,/#*-*( )/.( /.502-)%-( -,( &#3.(0$A( )%6( /.)6#5+(

.D-.%6.6( -,( $/,*$.2-*( 9#-"( )( 5)/&.( %01:./( ,E( ,0-2,1.*7( G".*.( $/,:5.1*( 2)%( :.(

)66/.**.6(:+(-".(/)%4M6.$.%6.%-(,/(20105)-#3.(E0%2-#,%)5'(E#/*-($/,$,*.6(:+(c0#&&#%(

;=>?XA(E,/(6.2#*#,%(0%6./(/#*4()%6(:+(!2"1.#65./(;=>?>A(E,/(6.2#*#,%(0%6./(0%2./-)#%-+(

)%6(E,/1(-".(:)*#*(,E()5-./%)-#3.(%,%(.D$.2-.6(0-#5#-+(-".,/#.*'(-".(1,*-($/,1#%.%-(,E(

9"#2"(#*(-".(8)%4MB.$.%6.%-(b-#5#-+(G".,/+(;8BbGA7(L22,/6#%&(-,(g)44./(;XWWYA'(-"#*(

.D-.%*#,%(,E(U/,*$.2-(-".,/+(2,1$/#*.*(-".(6@(AA:&C(221(5+>(:.-9..%(-".(.1$#/#2)5(

#%*#&"-*( ,E( [)"%.1)%(t(G3./*4+( ;=>`>A( )%6( -".( -".,/.-#2)5( #%*#&"-*( ,E(a#5:,)( ;=>?`A(

)%6( !2"1.#65./( ;=>?>A( )%6( 6(0& 0@1/&C$C+%0& $7& E2101%5.& Q\& :+(2/& (70+2& 10/& 1%=+%01$%.&
A2$/A+80& 0@+$2:& 1/& /01))& 0@+& $%):& 0@+$2:& 0@(0& 8(%& *+)1=+2& 0@+& 79))& /A+8029C& $7& E@(0& 1/&
2+B912+*& 7$2& *+81/1$%& 9%*+2& 9%8+20(1%0:.& E10@& (& %(092()& 1%0+52(01$%& $7& 21/3& K3%$E%&
A2$;(;1)101+/L&(%*&(C;15910:&K9%3%$E%&A2$;(;1)101+/L?>P(
(

L22,/6#%&(-,(K0105)-#3.(U/,*$.2-(G".,/+'(-".(*0:P.2-#3.(3)50.(UGJ(,E(-".($/,*$.2-(R(

;9"#2"(6.$.%6.%-*(,%(-".($,-.%-#)5(,0-2,1.*'(!!!!2)%(:.(6.-./1#%.6()*(E,55,9*T(

(

!!"# ! ! !!!!!!!!!!(
(

9"./.(9;âA(#*(-".(9.#&"-#%&(E0%2-#,%(,E(-".(,:P.2-#3.($/,:):#5#-#.*()%6(ì;âA(#*(-".(

9.#&"-#%&(E0%2-#,%(,E(-".(,:P.2-#3.($/,:):#5#-#.*7(

*

*

                                                
2
G".(1,*-(E0%6)1.%-)5(6#*-#%2-#,%(:.-9..%(/#*4I()%6(H0%2./-)#%-+I(#%(-"#*(:/)%2"(,E(.2,%,1#2(-".,/+'(#*(

60.(-,([%#&"-(;=>X=A7(L(*#-0)-#,%(#*(*)#6(-,(#%3,53.(/#*4(#E(-".(/)%6,1%.**($/.*.%-*(#-*.5E( #%(-".(E,/1(,E(

.D,&.%,0*5+( *$.2#E#.6( ,/( *2#.%-#E#2)55+( 2)5205):5.( ,:P.2-#3.( $/,:):#5#-#.*'( )*( E,/( .D)1$5.( 9#-"( &)1:5.*(

:)*.6(,%()(/,05.--.(9"..5(,/()($)#/(,E(6#2.7(L(*#-0)-#,%(#*(*)#6(-,(#%3,53.(0%2./-)#%-+(#E(-".(/)%6,1%.**(#*(

$/.*.%-*( #%( -".( E,/1( ,E( )5-./%)-#3.( $,**#:5.( .3.%-*'( E,/( .D)1$5.( )*( 9#-"( :.-*( ,%( )( ",/*.( /)2.'( ,/(

6.2#*#,%*(#%3,53#%&(9".-"./(,/(%,-(-,(:0+(.)/-"f0)4.(#%*0/)%2.(;g)44./'(XWWYA7(
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G".(4.+(.5.1.%-*(,E(-"#*(-".,/+()/.T(

=A()(3)50.(E0%2-#,%(-")-(#*(2,%2)3.(E,/(&)#%*'(2,%3.D(E,/(5,**.*'()%6(*-..$./(E,/(

5,**.*(-")%(E,/(&)#%*()%6((

XA()(%,%5#%.)/(-/)%*E,/1)-#,%(,E(-".($/,:):#5#-+(*2)5.'(9"#2"(,3./9.#&"-*(*1)55(

$/,:):#5#-#.*()%6(0%6./9.#&"-*(1,6./)-.()%6("#&"($/,:):#5#-#.*7(

(

*

*
O#&7`M>T(g.#&"-#%&(E0%2-#,%*(E,/(&)#%*(;9

h
A()%6(5,**.*(;9

M
A(:)*.6(,%(1.6#)%(.*-#1)-.*(,Ei()%6j((!,0/2.T(

G3./*4+()%6([)"%.1)%(;=>>XA(

(

g"./.($(#*(-".($/,:):#5#-+()%6(i()%6(j(2,%*-)%-*'(-".($/,:):#5#-+(9.#&"-#%&(E0%2-#,%*(

E,/(&)#%*()%6(5,**.*(/.*$.2-#3.5+()/.T(

b$//+/&M!

!! ! ! !!

!!! ! !! ! !!
!
!
&

g(1%/M!

!! ! ! !!

!!! ! !! ! !!
!
!
&

(

G".(3)50.(E0%2-#,%(;9"./.(-".(5,**()3./*#,%($)/)1.-./(#*(ÄA(#*(6.E#%.6()*(E,55,9*T((

! ! !
!! !!!!!!!!!!!!!!!!!!!!!!!!!"!! ! !
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"!! ! !
!!!!!!! !!!!!!!!!!!"!! ! !

(

g"./.(ì;îAvî
ï
#*(0*.6(E,/(&)#%*(()%6()(6#EE./.%-($,9./(E0%2-#,%(ì;îAvM;Mî

ïI
A(E,/(5,**.*7(

(

(

G3./*4+( )%6( [)"%.1)%( ;=>>XA( )E-./( .1$#/#2)5( /.*.)/2"( /.*05-.6( #%( -".( E,55,9#%&(

1.6#)%(3)50.*T((ivW7@='(jvW7@>'(ïvïIvW7??()%6(ÄvX7XY7(

(

(

(
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L($/,2.60/.(E,/(2)5205)-#%&(-".(UG(3)50.(,E()($/,*$.2-(#*()*(E,55,9*(;g)44./'(XWWYAT(

*-.$(=7(K,1$5.-.5+(/)%4(,0-2,1.*(E/,1(:.*-(-,(9,/*-7(

*-.$(X7(B.-./1#%.(9"#2"(,0-2,1.*()/.($,*#-#3.()%6(9"#2"()/.(%.&)-#3.7(

K[0+A/&N&(%*&P&0$5+0@+2&*+0+2C1%+&0@+&8$CA)+0+&/15%R2(%31%5L&
*-.$(V7(O,/(.)2"($,*#-#3.(,0-2,1.'(2)5205)-.(-".(&)#%M/)%4(&7(

*-.$(\7(O,/()55(/.*05-#%&(&)#%M/)%4*'(2)5205)-.(-".#/(9
h
(3)50.7(

*-.$(Y7(O,/(.)2"($,*#-#3.(,0-2,1.(î'(2)5205)-.(-".(1)/&#%)5(9
h
(2,%-/#:0-#,%(,E((

#-*(,0-2,1.($/,:):#5#-+($(-,(#-*(/)%4C(#7.7'(2)5205)-.Y(9
h
;$h&AM9

h
;&A7(

W2+(0&)$//+/&/:CC+0218()):O&1?+?.&
*-.$(@7(O,/(.)2"(%.&)-#3.(,0-2,1.'(2)5205)-.(-".(5,**M/)%4(l7(
*-.$(`7(O,/()55(/.*05-#%&(5,**M/)%4*'(2)5205)-.(-".#/(9

M
(3)50.7(

*-.$(?7(O,/(.)2"(%.&)-#3.(,0-2,1.(:'(2)5205)-.(-".(1)/&#%)5(9
M
(2,%-/#:0-#,%(,E(

#-*($/,:):#5#-+(f(-,(#-*(5,**M/)%4C(#7.7'(2)5205)-.(9
M
;fhlAM9M

;lA(
*-.$(>7(B.-./1#%.(-".(0-#5#-+(,E(.)2"(,0-2,1.(;-)4#%&(b(vÄì(E,/(5,**.*A7(

*-.$(=W7(Q05-#$5+(-".(0-#5#-+(,E(.)2"(,0-2,1.(:+(#-*(6.2#*#,%(9.#&"-7(

*-.$(==7(!01(-".(/.*05-*(,E(!-.$(=W7(

(

G".(3)50.(,E()%(,0-2,1.(:)*.6(,%(KUG(#*(,:3#,0*5+(%,-(-")-(.)*#5+(2)5205)-.6(:+(")%67(

^,9.3./'( #%( -".( *2,$.( ,E( -"#*( 9,/4( 9.( 6.)5( 9#-"( 2)*.*( 9"./.( 9.( 2",,*.( :.-9..%(

1.)*0/.*(-")-(/.602.(/#*47(!,(9.(.#-"./(0*.(-".($/,:):#5#-+(E0%2-#,%(E,/(&)#%*(;gGLA(,/(

-".(,%.(E,/(5,**.*(;gGUA(9"#2"(*#&%#E#2)%-5+(/.602.(-".(2)5205)-#,%*(%..6.67(

5U2U3 Beyond the Expected Value*
F%(:/#.E'(%,%(.D$.2-.6(3)50.()%6(0-#5#-+(;*02"()*(-".(-".,/+($/.*.%-.6():,3.A(*",056(:.(

0*.6(-,(2)5205)-.(-".($./2.#3.6(/#*4(&#3.%()(3)50.(E0%2-#,%(6#EE./.%-(E,/(&)#%*()%6(5,**.*(

)%6( )( %,%5#%.)/( -/)%*E,/1)-#,%( ,E( -".( $/,:):#5#-+( *2)5.( %,-#%&( -")-( #-( #*( %,-( .)*+( -,(

)//#3.( )-( 2,1.( 2,11,%5+( )22.$-.6( E0%2-#,%*7( ( G".*.( $./2.#3.6( 3)50.*( ;2,*-( )%6(

:.%.E#-*A(*",056(:.(-".(#%$0-(-,(-".(K,*-(<.%.E#-(L%)5+*#*7(

F%()66#-#,%(*02"()%()$$/,)2"(2,056(:.(0*.6(#%(/#*4(E/)1.9,/4*(-,(#%2,/$,/)-.(6.2#*#,%M

1)4./I*( ;)%6( -".( *,2#.-+I*A( /#*4( )3./*#,%( ,/( /#*4M*..4#%&( )--#-06.( #%( -".( 0-#5#-+( ;5,**A(

E0%2-#,%(0*.67(_,-.( -")-( #%( .%&#%../#%&( 2,%-.D-'( /#*4( #*( ,E-.%( 5#%4.6( -,( -".( .D$.2-.6(
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t(Q)%)&.1.%-'(V@;\ATV@`MV?\7(

Ü@Wá N5.+.MB)-0:,(L7'(g)55(L7'(!))P.6#(L7'(g)%&(l7'(nO)2#5#-)-#%&(-".(-/.)-1.%-(,E(0%2./-)#%-+(

#%(1)/#%.(E,/1)5(*)E.-+()**.**1.%-o'(l,0/%)5(,E(Q)/#%.(B.*#&%()%6(R$./)-#,%*'(_,7<=W'(

XWW@'(V>MYV7(

Ü@=á N5#,$,05,0'( N7'( U)$)%#4,5),0'(L7'( K)*0)5-+(L%)5+*#*( ,E( Z)/&.(G)%4./*'( l,0/%)5( ,E(Q)/#%.(

!2#.%2.()%6(G.2"%,5,&+'(J,57(=X'(X\WMXYW'(!$/#%&./(U0:5#*"./*'(XWW`7(

Ü@Xá NQNUeKR8F_LF8(;XWWXA(nNQNU(K,M,$./)-#3.(U/,&/)11.(E,/(Q,%#-,/#%&()%6(N3)50)-#,%(

,E( -".( Z,%&(8)%&.(G/)%*1#**#,%(,E(L#/( U,550-)%-*( #%( N0/,$.'( G".(K,/.( F%3.%-,/+(,E(L#/(

N1#**#,%*( #%( N0/,$.( ;KR8F_LF8A'( L-1,*$"./#2( N1#**#,%( F%3.%-,/+( a0#6.:,,4'o( V/6(

.6#-#,%'(R2-,:./7(

Ü@Vá N%6/.*.%'( R7'( N7( !õ/&ó/6'( ^7Z7( <."/.%*'( U7R7( </.--'( F7( !7( L7( F*)4*.%( ;XWW`A'pL( "#*-,/#2)5(
/.2,%*-/02-#,%( ,E( *"#$*( E0.5( 2,%*01$-#,%( )%6( .1#**#,%*p'( l,0/%)5( ,E( a.,$"+*#2)5(

8.*.)/2"'(==X7(

Ü@\á N%6/.*.%'(R7'( N7( !õ/&)/6'( l7( [7( !0%6.-'( !7( <7(B)5*õ/.%'( F7( !7( L7( F*)4*.%'( G7( O7( <./&5.%'(a7(
a/)3#/( ;XWWVA'( pN1#**#,%( E/,1( #%-./%)-#,%)5( *.)( -/)%*$,/-)-#,%( )%6( .%3#/,%1.%-)5(

#1$)2-p'(l,0/%)5(,E(a.,$"+*#2)5(8.*.)/2"'(=W?7(

Ü@Yá N%43#*-'U7'( G7( _)025ä/( )%6( l7( 8,*)%6./( ;XWW`A( nL( 2,*-( 20/3.( E,/( &/..%",0*.( &)*(
/.602-#,%o'(G".(Q2[#%*.+(c0)/-./5+'(Q2[#%*.+(t(K,1$)%+((

Ü@@á NUL( ;XWW?A'( pL2#6(8)#%(U/,&/)1(XWW?(U/,&/.**(8.$,/-p'(b7!7( N%3#/,%1.%-)5( U/,-.2-#,%(

L&.%2+7(ÜR%5#%.á'("--$Tee9997.$)7&,3e)#/1)/4.-*e$/,&/.**e)/$W?7"-1(

Ü@`á NUL( ;XW=WA(pG.2"%#2)5(!0$$,/-(B,201.%-T(!,2#)5(K,*-(,E(K)/:,%( E,/(8.&05)-,/+( F1$)2-(

L%)5+*#*( b%6./( ND.20-#3.(R/6./( =X?@@p'( F%-./)&.%2+(g,/4#%&(a/,0$( ,%( !,2#)5( K,*-( ,E(

K)/:,%'( b%#-.6( !-)-.*( a,3./%1.%-'( L3)#5):5.( ,%5#%.( )-T(

"--$Tee9997.$)7&,3e,1*e25#1)-.e/.&05)-#,%*e*22M-*67$6E(

Ü@?á N-4#%'(B7!7('(XWWW7(g,/569#6.(L%)5+*#*(,E(Q)/#%.(R#5(!$#55(K5.)%0$(K,*-(O)2-,/*7(L/2-#2()%6(

Q)/#%.(R#5(!$#55(U/,&/)1(G.2"%#2)5(!.1#%)/7(

Ü@>á N-4#%'(B7!7'( =>>>7(N*-#1)-#%&(K5.)%0$(K,*-*( E,/(R#5( !$#55*7(U/,2..6#%&*'( F%-./%)-#,%)5(R#5(

!$#55(K,%E./.%2.'(L1./#2)%(U.-/,5.01(F%*-#-0-.'(g)*"#%&-,%'(BK7(
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Ü`Wá N-4#%'(B7!7'(XWW=7(L%)5+*#*(,E(,#5(*$#55(-/.%6*(#%(-".(b!()%6(9,/569#6.7(U/,2..6#%&*(,E(-".(
XWW=( F%-./%)-#,%)5( R#5( !$#55( K,%E./.%2.'( ='$$7( X>=]='VWW7( N%3#/,%1.%-)5( 8.*.)/2"(

K,%*05-#%&'(b!L7(

Ü`=á N-4#%'( B7!7'( XWW\7( Q,6.5#%&( ,#5( *$#55( /.*$,%*.( )%6( 6)1)&.( 2,*-*7( U/,27( Y-"( <#.%%#)5(

O/.*"9)-./(!$#55*(!+1$7(@M?(L$/#57(

Ü`Xá Nb( ;XWW?A'( pN1#**#,%*( -/)6#%&T(XWW`(3./#E#.6(.1#**#,%*( E/,1(Nb(NG!(:0*#%.**.*p'(U/.**(

8.5.)*.( ( FUeW?e`?`'( </0**.5*'( XV( Q)+( XWW?'( ÜR%5#%.á(

"--$Tee.0/,$)7.0e/)$#6e$/.**8.5.)*.*L2-#,%76,k/.E./.%2.vFUeW?e`?`(

Ü`Vá N0/)2-#3( ;XWW>A'( U/,$,*)5( E,/( )( KR0%2#5( B#/.2-#3.( )1.%6#%&( B#/.2-#3.( XWWVe>@(

/.*-/02-0/#%&( -".( K,110%#-+( E/)1.9,/4( E,/( -".( -)D)-#,%( ,E( .%./&+( $/,602-*( )%6(

.5.2-/#2#-+'(ÜR%5#%.á(T((

Ü`\á N+/#%&((.-()57(;XWWYA(nN1#**#,%*(E/,1(#%-./%)-#,%)5(*"#$$#%&T(=7(G".(5)*-(YW(+.)/*o7(l,0/%)5(

,E(a.,$"+*#2)5(8.*.)/2"(==W7(

Ü`Yá N+/#%&(.-()5(;XWW>A(C(J./,%#4)(N+/#%&'(F3)/(!7L7(F*)4*.%'(G./P.(<./%-*.%'(g#55#)1(l7(K,55#%*'(

l)1.*( l7( K,/:.--'( R+3#%6( N%6/.*.%'( 8,+( a7( a/)#%&./'( l)%)(Q,56)%,3)'( ^)%*( !2"5)&./'(

B)3#6( !7( !-.3.%*,%'( G/)%*$,/-( #1$)2-*( ,%( )-1,*$"./.( )%6( 25#1)-.T( !"#$$#%&'(

L-1,*$"./#2(N%3#/,%1.%-'(F%(U/.**'(K,//.2-.6(U/,,E'(L3)#5):5.(,%5#%.(=>(Q)+(XWW>'(F!!_(

=VYXMXV=W'(BRFT(=W7=W=@eP7)-1,*.%37XWW>7W\7WY>7(

Ü`@á O#.56'( <)//+( K7( )%6( Q)/-")( [7( O#.56( ;XWW>A( nN%3#/,%1.%-)5( N2,%,1#2*o'( Y-"( N6#-#,%'(

Q2a/)9M^#55'(

Ü``á O#.56'( <)//+( K7( )%6( Q)/-")( [7( O#.56( ;XWW>A( nN%3#/,%1.%-)5( N2,%,1#2*o'( Y-"( N6#-#,%'(

Q2a/)9M^#55'(!)%(O/)%2#*2,'(KL7(

Ü`?á O#*2",EE'(<7'(!7Z#2"-.%*-.#%'(U7!5,3#2'(!7B./:+'(87[..%.+(=>?=7(L22.$-):5.(/#*47K)1:/#6&.T(

K)1:/#6&.(b%#3./*#-+(U/.**7(

Ü`>á ORNF( ;XWW?A( pG".( U/#2.( ,E( K)/:,%T(g")-( *",056( #-( :.( )%6(9"+kp'( O/#.%6*( ,E( -".( N)/-"(

*.1#%)/'( Q./2./( !0#-.'( 8,+)5( !,2#.-+'( ?-"( l05+( XWW?'( L3)#5):5.( ,%5#%.( )-(

"--$Tee9997E,.72,704e/.*,0/2.e/.$,/-*e2)/:,%ô$/#2.ô*.1#%)/ôXWW?7$6E(

Ü?Wá O/..1)%'Q'( ;XWWVA'( nG".( Q.)*0/.1.%-( ,E( N%3#/,%1.%-)5( )%6( 8.*,0/2.( J)50.*o'(

8.*,0/2.*(E,/(-".(O0-0/.'(g)*"#%&-,%'(XWWV7(

Ü?=á O/##*M^)%*.%'U7'(B#-5.3*.%'R7'( ;XWWVA(n_)-0/.($/.*./3)-#,%()22.$-)%2.(1,6.5()$$5#.6(-,(

-)%4./(,#5(*$#55(*#105)-#,%*o7(l,0/%)5(,E(!-/02-0/)5(!)E.-+'(J,57(XY'(F**0.(='$$(=MV\7((

Ü?Xá O0&5.*-3.6-7( l'(G7(<./%-*.%'(a7(Q+"/.'([7(8+$6)5()%6(87(<#.5-3.6-(!4.#.'( ;XWW?A(nK5#1)-.(

E,/2#%&(E/,1(-".(-/)%*$,/-(*.2-,/*o'(U/,2..6#%&*(,E(-".(_)-#,%)5(L2)6.1+(,E(!2#.%2.*(,E(

-".(b%#-.6(!-)-.*(,E(L1./#2)7Q3'($$7(\Y\]\Y?(

Ü?Vá a)/:./'( L7Q7'( U".5$*'( K7N7'( =>>`7( N2,%,1#2( E,0%6)-#,%*( ,E( 2,*-M.EE.2-#3.%.**( )%)5+*#*7(

l,0/%)5(,E^.)5-"(N2,%,1#2*(=@'(=]VX7(

Ü?\á a#)%%)4,$,05,*( d7'( B7( <,0/,*'( _7U7J.%-#4,*( ;XWW`A( !)E.-+( )-( 8#*4k7U/,2..6#%&*( ,E( -".(
F%-./%)-#,%)5( !+1$,*#01( ,%( Q)/#-#1.( !)E.-+'( !.20/#-+( )%6( N%3#/,%1.%-)5( U/,-.2-#,%(

;!!NW`A'L-".%*'(a/..2.'(!.$-.1:./(XWW`7(

Ü?Yá a#S#)4#*'( [7( )%6( <)/6#Ma#S#)4#'( N7( ;XWWXA'( nL**.**#%&( -".( /#*4( ,E( $,550-#,%( E/,1( *"#$(

)22#6.%-*o'(B#*)*-./(U/.3.%-#,%()%6(Q)%)&.1.%-T(L%(F%-./%)-#,%)5(l,0/%)5'(==;XA'(=W>M

==\7(

Ü?@á a,56'(Q787'( !#.&.5'( l7N7'( 80**.55'( Z7<7'(g.#%*-.#%'(Q7K7( N6*77'( =>>@7( K,*-M.EE.2-#3.%.**( #%(

^.)5-"()%6Q.6#2#%.7(RDE,/6(b%#37(U/.**'(RDE,/67(
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Ü?`á a,,62"#56'(L7J7'(K7O7(B)&)%S,(;XWW@A'(nB,0:5.(K+25#%&(!-/)-.&#.*(E,/(K,%-)#%./(!"#$*()%6(
-".#/(NEE.2-(,%(!"#$(Z,)6#%&()%6(b%5,)6#%&(R$./)-#,%*'o(G/)%*$,/-)-#,%(!2#.%2.'(\W'(\`VM

\?V7(

Ü??á a/.+'(K7'(;=>>>A(G".(K,*-(,E(R#5(!$#55*(E/,1(G)%4./*T(L%(L%)5+*#*(,E(FRUK(O0%6(F%2#6.%-*7(

G".(F%-./%)-#,%)5(R#5(!$#55(K,%E./.%2.(=>>>'(`M=X(Q)/2"(=>>>'(!.)--5.'(b!L7((

Ü?>á a/#&)50%)*'G7L7'(L%6./*,%'87K7'(</,9%'(a7Q7'(K,%&)/'87'(Q.)6.'_7O7()%6(U7N7(!,/.%*.%'(

=>?@7(N*-#1)-#%&(-".(K,*-(,E(R#5(!$#55*T(Z.**,%*(E/,1(-".(L1,2,(K)6#S( F%2#6.%-'(Q)/#%.(

8.*,0/2.(N2,%,1#2*'($$7(XV>MX@X7(

Ü>Wá a+/6M^)%*.%'( B7'( !,&))/6'( l7'( =>>?7( B#*2,0%-#%&( 5#E.M+.)/*T( 9"#-"./( -#1.( $/.E./.%2.k7(

^.)5-"(N2,%,1#2*'(`'(=X=]=X`7(

Ü>=á ^)11#--( l7[( )%6( _7( G/.#2"'( p!-)-#*-#2)5( 3*7( F6.%-#E#.6( Z#3.*( #%( <.%.E#-MK,*-( L%)5+*#*'p(

l,0/%)5(,E(8#*4()%6(b%2./-)#%-+(VYT(\YM@@'(XWW`7(

Ü>Xá ^)11#--(l7[7(()%6(Z7L7(8,:#%*,%'(nG".(F%2,1.(N5)*-#2#-+(,E(-".(J)50.($./(!-)-#*-#2)5(Z#E.T(

G/)%*E.//#%&(N*-#1)-.*(<.-9..%(^#&"()%6(Z,9(F%2,1.(U,$05)-#,%*'o(l,0/%)5(,E(<.%.E#-M

K,*-(L%)5+*#*(X;=AT(L/-#25.(='(BRFT(=W7XXWXeX=YXMX?=X7=WW>'(XW==7(

Ü>Vá ^)11#--'(l7[7(g#55#%&%.**(-,(U)+()%6(c0)5#-+(L6P0*-.6(Z#E.(d.)/*'(K")$-./(`'(XV>MX`X(#%(

N2,%,1#2(J)50)-#,%(,E(N%3#/,%1.%-)5(^.)5-"(8#*4*(-,(K"#56/.%'(RNKB'(U)/#*(XWW@7(

Ü>\á ^)11#--'( l)1.*( [7( ;XWWWA( pJ)50#%&(1,/-)5#-+( /#*4TG".,/+( )%6( $/)2-#2.p'( N%3#/,%1.%-)5(

!2#.%2.()%6(G.2"%,5,&+(V\T=V>@]=\WW7(

Ü>Yá ^)%5.+'_7(!",&/.%'( l7( )%6(<.%(g"#-.( ;XWW`A'( nN%3#/,%1.%-)5(N2,%,1#2*( #%(G".,/+()%6(

U/)2-#2.o'(X%6(N6#-#,%7(U)5&/)3.(Q)21#55)%(

Ü>@á ^.5-,%'( B7'( U.%%'( G7';=>>>A7( U0--#%&( /.*$,%*.( )%6( %)-0/)5( /.*,0/2.( 6)1)&.( 2,*-*( #%(

$./*$.2-#3.7(F%T(U/,2..6#%&*(,E(-".(=>>>(#%-./%)-#,%)5(,#5(*$#55(2,%E./.%2.'(=>>>7(

Ü>`á ^.%6/#24*D'( 87'( ;XWW`A( ( Q)/#-#1.( R#5( U,550-#,%T)%( N1$#/#2)5( L%)5+*#*'( ( O)0/.'( Q7( )%6(

J./".#P'(L7(;N6*7A(!"#E-*(#%(K,1$.%*)-#,%(E,/(N%3#/,%1.%-)5(B)1)&.'(!$/#%&./(J./5)&(

Ü>?á ^,9)/6'( 8,%)56( L7( ;=>?\A( pR%( E)-.*( 2,1$)/):5.( -,( 6.)-"p'( Q)%)&.1.%-( !2#.%2.(

VWT\W`]XX7(

Ü>>á ^,9)/6'( 8,%)56( L7;( =>?>A( pQ#2/,/#*4*( E,/( 1.6#2)5( 6.2#*#,%( )%)5+*#*p'( F%-./%)-#,%)5(

l,0/%)5(,E(G.2"%,5,&+L**.**1.%-(#%(^.)5-"(K)/.(YTVY`]`W7(

Ü=WWá ̂ !N(;XWW=A(n8.602#%&(8#*4'(U/,-.2-#%&(U.,$5.(T^!NI*(6.2#*#,%M1)4#%&($/,2.**o'(^.)5-"(t(

!)E.-+(K,11#**#,%'(XWW=7(

"--$Tee9997.0/)2-#372,1e$6EeN%./&+�XWG)D)-#,%�XWF%-./*./3#2.�XW$/,$,*)57$6E(

Ü=W=á FQR((;XWW?:A(nZ#)#*,%(9#-"(-".(!.2/.-)/#)-*(,E(b_OKKK()%6(FUKK(2,%2./%#%&(-".(K)/:,%(

-,(KRX(2,%3./*#,%(E)2-,/o'(QNUK(Y?e\eV7'(XWW?7(

Ü=WXá FQR(;XWWWA(n!-06+(,E(a/..%",0*.(a)*(N1#**#,%*(E/,1(!"#$*o7(!-06+(:+(Q)/#%-.4'(N2,%(

K.%-/.(E,/(N2,%,1#2(L%)5+*#*'(K)/%.&#.(Q.55,%(b%#3./*#-+()%6(B_J7((

Ü=WVá FQR( ;XWW`A( O,/1)5( !)E.-+(L**.**1.%-T( K,%*,5#6)-.6( -.D-( ,E( -".(a0#6.5#%.*( E,/( O,/1)5(

!)E.-+( L**.**1.%-( ;O!LA( E,/( b*.( #%( -".( FQR( 805.MQ)4#%&( U/,2.**7( Q!KeK#/27=WXV]

QNUKeK#/27V>X7(Z,%6,%(;Q!K(?VeF_O7X7(

Ü=W\á FRUKO;XWW>A7( L%%0)5( /.$,/-( XWW?7( F%-./%)-#,%)5( R#5( U,550-#,%( K,1$.%*)-#,%( O0%6*'(

Z,%6,%'(b[(7(
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Ü=WYá FUKK((;XWW`A'(pK5#1)-.(K")%&.(XWW`T(G".(U"+*#2)5(!2#.%2.(<)*#*7(K,%-/#:0-#,%(,E(g,/4#%&(

a/,0$( F( -,( -".( O,0/-"(L**.**1.%-p(8.$,/-(,E( -".( F%-./&,3./%1.%-)5( U)%.5( ,%(K5#1)-.(

K")%&.( Ü!,5,1,%'( !7'(B7(c#%'(Q7(Q)%%#%&'( m7( K".%'(Q7(Q)/f0#*'( [7<7(L3./+-'Q7( G#&%,/(

)%6( ^7Z7( Q#55./( ;.6*7Aá7( K)1:/#6&.( b%#3./*#-+( U/.**'( K)1:/#6&.'( b%#-.6( [#%&6,1( )%6(

_.9(d,/4'(_d'(b!L'(>>@($$7(

Ü=W@á FUKK((;XWW`A'(pK5#1)-.(K")%&.(XWW`T(G".(U"+*#2)5(!2#.%2.(<)*#*7(K,%-/#:0-#,%(,E(g,/4#%&(

a/,0$( F( -,( -".( O,0/-"(L**.**1.%-p(8.$,/-(,E( -".( F%-./&,3./%1.%-)5( U)%.5( ,%(K5#1)-.(

K")%&.( Ü!,5,1,%'( !7'(B7(c#%'(Q7(Q)%%#%&'( m7( K".%'(Q7(Q)/f0#*'( [7<7(L3./+-'Q7( G#&%,/(

)%6( ^7Z7( Q#55./( ;.6*7Aá7( K)1:/#6&.( b%#3./*#-+( U/.**'( K)1:/#6&.'( b%#-.6( [#%&6,1( )%6(

_.9(d,/4'(_d'(b!L7(

Ü=W`á FGRUO'( ( XW=W7( G".( F%-./%)-#,%)5( 8.&#1.( E,/( K,1$.%*)-#,%( E,/( R#5( U,550-#,%( B)1)&.7(

F%-./%)-#,%)5(R#5(U,550-#,%(K,1$.%*)-#,%(O0%6*7(Z,%6,%'(b[(7(

Ü=W?á l)2,:**,%'( Q7'( XWW`'( G".( F%-./%)-#,%)5( R#5( U,550-#,%( K,1$.%*)-#,%( O0%6*( )%6( -".(

F%-./%)-#,%)5(8.&#1.(,E(K,1$.%*)-#,%(E,/(R#5(U,550-#,%(B)1)&.7(F%T(<)*.6,9(l'(Q)&%0*(

b( ;.6*A( U,550-#,%( ,E( -".( *.)s$/.3.%-#,%( )%6( 2,1$.%*)-#,%7( !$/#%&./'( <./5#%'( $$( =V`]

=YW(

Ü=W>á l.)%M^)%*.%( J7'XWWV7( !4#$*-/)E#44.%( #( ,1/ó6.-( Z,E,-.%s<)/.%-*")3.-'( [+*-3./4.-'(

G/)%*$,/-õ4,%,1#*4(#%*-#-0--'(@\\eXWWV'(XWWV(;#%(_,/9.&#)%7(F!<_T?XM\?WMWV\=M?7(

Ü==Wá l,")%%.**,%'(Q7'(=>>>7(R%()&&/.&)-#%&(cLZd*T()(2,11.%-(,%(B,5)%7(l,0/%)5(,E(^.)5-"(

N2,%,1#2*'(=?'(V?=]V?@7(

Ü===á l,%41)%(!7_7'3)%(a.56./(U7^7L7l7Q('(J/#P5#%&((l7[7(;XWWVA(nL%(,3./3#.9(,E(f0)%-#-)-#3.(/#*4(

1.)*0/.*( E,/( 5,**( ,E( 5#E.( )%6( .2,%,1#2( 6)1)&.o'( l,0/%)5( ,E( ^)S)/6,0*( Q)-./#)5*'(

N5*.3#./'(FMVW'(XWWV(

Ü==Xá [)"%'(l8(;=>>?A'(pG".(N2,%,1#2(L$$/,)2"(-,(N%3#/,%1.%-)5()%6(_)-0/)5(8.*,0/2.*p7(X%6(

.6#-#,%7O,/-(g,/-"T(B/+6.%(U/.**7(

Ü==Vá [)%.4,'(O7()%6(d)1)6)(d7(;XW=WA'(pR%(-".(Q.-",6(E,/(!.--#%&(:,/6./*(,E(LZL8U(/.&#,%(

,%(OG(6#)&/)1*p'(U/,2..6#%&*(,E(-".(BN!Fa_(OR8(!LONGd(XW=W(K,%E./.%2.'(G/#.*-.'(F-)5+7(

Ü==\á [)$5)%'(!7(t(a)//#24'(<7(l7( ;=>?=A( (nR%(-".(f0)%-#-)-#3.(6.E#%#-#,%(,E(/#*4o'(8#*4(L%)5+*#*'(
J,5(='(==7(

Ü==Yá [)$5)%'!7( ;=>>XA'( ( nO,/1)5#*1*( E,/( ")%65#%&( $".%,1.%,5,&#2)5( 0%2./-)#%-#.*T( -".(

2,%2.$-*( ,E( $/,:):#5#-+'( E/.f0.%2+'( 3)/#):#5#-+'( )%6( $/,:):#5#-+( ,E( E/.f0.%2+o'( _025.)/(

G.2"%,5,&+=WX('$$7(=V`]=\X7(

Ü==@á [)*$./*,%'(l.)%%.(q7'(8,&./(N7([)*$./*,%(;XWWYA'(nG".(!,2#)5(K,%-,0/*(,E(8#*4o'(J,501%.(

FT(U0:5#2*'(8#*4(K,110%#2)-#,%(t(-".(!,2#)5(L1$5#E#2)-#,%(,E(8#*47(N)/-"*2)%'(J#/&#%#)7((

Ü==`á [%#&"-'(O7(=>@Y(;=>X=A7(8#*4'(0%2./-)#%-+()%6($/,E#-7(_.9(d,/4T(^)/$./(t(8,97(
Ü==?á [,5*-)6(K'(;XWWWA'(pN%3#/,%1.%-)5(N2,%,1#2*p'(RDE,/6T(RDE,/6(b%#3./*#-+(U/.**7(

Ü==>á [,5*-)6'K7'( ;XW=WA'( nN%3#/,%1.%-)5( N2,%,1#2*o'( RDE,/6( b%#3./*#-+( U/.**'( RDE,/6'( X%6(

.6#-#,%'(XW=W7(

Ü=XWá [,%-,3)*'( K7L7( ;XWWYA( nO,/1)5( !)E.-+( L**.**1.%-T( L( K/#-#2)5( 8.3#.9'o( B#$5,1)( -".*#*'(

_GbL'(L3)#5):5.(,%5#%.()-T("--$Tee0*./*7%-0)7&/e4,%-,3)*e$0:7"-1(

Ü=X=á [,%-,3)*'( K7L7( )%6( ^7_7( U*)/)E-#*'( ;XWW@)A( nL**.**#%&( N%3#/,%1.%-)5( 8#*4T( F*( )( *#%&5.(

E#&0/.(/.)5#*-#2()*()%(.*-#1)-.(E,/(-".(2,*-(,E()3./-#%&(,%.(-,%%.(,E(*$#55.6(,#5k'o(g,/4#%&(

U)$./( _GbLMQGMW@M=W='( _)-#,%)5( G.2"%#2)5( b%#3./*#-+( ,E( L-".%*'( O.:/0)/+( ÜR%5#%.á(

99971)/-/)%*7,/&7(
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Ü=XXá [,%-,3)*'(K7L7'()%6(^7_7(U*)/)E-#*(;XWW>A(nO,/1)5(!)E.-+(L**.**1.%-T(L(K/#-#2)5(8.3#.9'o(

Q)/#%.(G.2"%,5,&+'(J,57(\@;=A7(l)%0)/+(XWW>'($$7(\YMY>7(

Ü=XVá [,%-,3)*'(K7L7'(^7_7(U*)/)E-#*( '( ;XWW?A(oQ)/#%.(N%3#/,%1.%-(8#*4(L**.**1.%-T(L(!0/3.+(

,%( -".( B#*0-#5#-+( K,*-( ,E( R#5( !$#55*'o( X%6( F%-./%)-#,%)5( !+1$,*#01( ,%( !"#$( R$./)-#,%*'(

Q)%)&.1.%-()%6(N2,%,1#2*'o(L-".%*'(a/..2.7(

Ü=X\á [,%-,3)*'( K7L7'( U*)/)E-#*'( ^7_7( ;XWW>A( nO,/1)5( !)E.-+( L*M*.**1.%-T( L( 2/#-#2)5( /.3#.9o'(

Q)/#%.(G.2"%,5,&+'(J,57(\@'(_,(='(l)%0)/+(XWW>7(

Ü=XYá [,%-,3)*'( K7L7'( U*)/)E-#*'(^7_7( '( J.%-#4,*(_7( ;XW=WA( nL%(N1$#/#2)5(L%)5+*#*( ,E( FRUKO(R#5(

!$#55(K,*-(((B)-)o'(Q)/#%.(U,550-#,%(<055.-#%'(J,501.(@W'(F**0.(>'(!.$-.1:./(XW=W'(U)&.*(

=\YYM=\@7(

Ü=X@á [,3ú2*'( Z7( ;XWW>A'( pg")-( -)D)-#,%( E,/( )( 5,9( 2)/:,%( .2,%,1+kp( !$..2"( ,E( Nb(

K,11#**#,%./(E,/(G)D)-#,%()%6(K0*-,1*(b%#,%'(K,%E./.%2.(,%(pg")-(-)D)-#,%(E,/()(5,9(

2)/:,%(.2,%,1+kp(</0**.5*'(VW(_,3.1:./(XWW>(

Ü=X`á [/#*-#)%*.%'(!7'(;XWWYA'oQ)/#-#1.(G/)%*$,/-)-#,%T(!)E.-+(Q)%)&.1.%-()%6(8#*4(L%)5+*#*o'(

<0--./9,/-"M^.#%.1)%%7(

Ü=X?á [/0$%#24( ;XWW\A( pJ)50#%&( ^.)5-"( R0-2,1.*T( U,5#2+( K",#2.*( )%6( G.2"%#2)5( F**0.*p'(

8.*,0/2.*(E,/(-".(O0-0/.(;8OOA(/.M$,/-'(ND.20-#3.(!011)/+7(

Ü=X>á Z#%6'(_7K7( ;=>>@A( n!)E.-+(U/#%2#$5.*()%6(!)E.-+(K05-0/.o'(U/,2..6#%&*C(V/6( F%-./%)-#,%)5(
!011#-(,%(!)E.-+()-.(!.)'(K,%E./.%2.(,/&)%#*.6(:+(-".(_,/9.&#)%(U.-/,5.01(!,2#.-+C(

R*5,'(_,/9)+'(=>>@7(

Ü=VWá Z#0(g7'(g#/-S'([7g'([)%%.%'(L'([/)E-'(L7('XWW>7(g#55#%&%.**(-,($)+()1,%&(",0*.",56*(-,(

$/.3.%-( 2,)*-)5( /.*,0/2.*( E/,1( $,550-#%&( :+( ,#5( *$#55*T( L( $#5,-( *0/3.+7(Q)/#%.( U,550-#,%(

<055.-#%7(Y?'(=W'($$7(=Y=\M=YX=(

Ü=V=á Z#0'q7'g#/-S()%6([7g7'(XWW@7(G,-)5(,#5(*$#55(2,*-*()%6(2,1$.%*)-#,%*7(Q)/#-#1.(U,5#2+()%6(

Q)%)&.1.%-(VV7($7(\@>M@W7(

Ü=VXá QL_(B#.*.5( ;XWW@A'(p!"#$(U/,$05*#,%(M(<)*#2(U/#%2#$5.*(,E(!"#$(U/,$05*#,%p'(QL_(B#.*.5(

Le!'(K,$.%")&.%'(B.%1)/4'(L0&0*-7(

Ü=VVá QL_( B#.*.5( ;XWW?)A7( pZ,9( K,%-)#%./( !"#$( !$..6( O)2#5#-)-.6( :+( J./*)-#5.( QNeQNMK(

N%&#%.*p'(QL_(B#.*.5(Le!'(K,$.%")&.%'(B.%1)/4'(l)%0)/+7(

Ü=V\á QL_( B#.*.5( ;XWW?:A'( pU/,$05*#,%( G/.%6*( #%( K,%-)#%./( J.**.5*p'( QL_( B#.*.5( Le!'(

K,$.%")&.%'(B.%1)/4'(L0&0*-7(

Ü=VYá Q)%4#9'( a/.&,/+( _7';XWW@A( p</#.E( U/#%2#$5.*( ,E( 1#2/,.2,%,1#2*p'G",1*,%( !,0-"M

g.*-./%'(b!L(

Ü=V@á Q2K)+'( B7O7'( 8,9.'( l7l7( 'g"#--#./'( _7( '( !)%4)/)%)/)+)%)%'( !7( )%6( N-4#%'( B7!7'( XWW\7(

N*-#1)-#,%( ,E( $,-.%-#)5( #1$)2-*( )%6( %)-0/)5( /.*,0/2.( 6)1)&.*( ,E( ,#57( l,0/%)5( ,E(

^)S)/6,0*(Q)-./#)5*(=W`7($$7(==]XY7((

Ü=V`á Q#-2".55'( 87K7( )%6( 87G7( K)/*,%7( =>?>7( b*#%&( !0/3.+*( -,( J)50.( U0:5#2( a,,6*7( <)5-#1,/.7(

l,"%*(^,$4#%*(b%#3./*#-+(E,/(8.*,0/2.*(E,/(-".(O0-0/.7(

Ü=V?á Q#*")%'(N7l()%6(N0*-,%(c0)"(;XWW`A'(pK,*-(<.%.E#-(L%)5+*#*p'(8,0-5.6&.'(_.9(d,/4'(_d7(

Ü=V>á _)-"9)%#(l7(!7'(Z#%6(_7(K7'()%6(U)%6.+(Q7(B(;=>>`A(nLEE,/6):5.(!)E.-+(<+(K",#2.T(G".(Z#E.(

c0)5#-+(Q.-",6o7(F%*-#-0-.(E,/(/#*4(8.*.)/2"'(b%#3./*#-+(,E(g)-./5,,'(g)-./5,,'(R%-)/#,'(

K)%)6)'(=>>`(
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Ü=\Wá U)$)%#4,5),0'(L7'(N5#,$,05,0'(N7'(L5#**)E)4#'(L7'(Q#4.5#*'(_7'(L4*0'(!7'(B.5)0-/.'(!7'(K)*0)5-+(

L%)5+*#*( ,E( LO8LQLq( G)%4./*'( l,0/%)5( ,E( N%&#%../#%&( E,/( -".( Q)/#-#1.( N%3#/,%1.%-'(

U/,2..6#%&*(,E(-".(F%*-#-0-#,%(,E(Q.2")%#2)5(N%&#%../*'(U)/-(Q'(J,57(XX='($$7(\`M@@'(Q)+(

XWW`7(

Ü=\=á U)$)%#4,5),0'( L7( ;.67A'( 8#*4M:)*.6( !"#$( B.*#&%( ]( Q.-",6*'( G,,5*( )%6( L$$5#2)-#,%*'(

!U8F_aN8'(F!<_(>`?MVMY\WM?>W\=M@'(O.:/0)/+(XWW>7(

Ü=\Xá U)$)%#4,5),0'(L7'(N5#,$,05,0'(N7'(^)1)%%'(87'(Z,./'([7'(N%3#/,%1.%-)5(!)E.-+(,E(K/06.(R#5(

G)%4./*'( U/,27( =V-"( K,%&/.**( ,E( -".( F%-./%)-#,%)5( L**,2#)-#,%( ,E( Q.6#-.//)%.)%(

;FQLQXWW>A'(F*-)%:05'(R2-,:./'(XWW>7(

Ü=\Vá U)$)%#4,5),0'(L7'( m)/)$",%#-#*'(a7'(<,05,0&,0/#*'( N7'( Z)%&:.24./'(b7'(Q)-",'( !7'( !)1.*'(

U7'(pQ05-#MR:P.2-#3.(R$-#1#S)-#,%(,E(R#5(G)%4./(B.*#&%p'()22.$-.6(E,/($0:5#2)-#,%()-(-".(

l,0/%)5(Q)/#%.(!2#.%2.()%6(G.2"%,5,&+'(!$/#%&./(J./5)&'(G,4+,'(L$/#5(XW=W7(

Ü=\\á U)%6.+'Q7B7'( _)-"9)%#'l7!7';XWW\A'( pZ#E.( f0)5#-+( #%6.D( E,/( -".( .*-#1)-#,%( ,E( *,2#.-)5(

9#55#%&%.**M-,M$)+(E,/(*)E.-+p'(!-/02-0/)5(!)E.-+(X@(;XWW\A'($$7(=?=]=>>7(

Ü=\Yá U)-äMK,/%.55'( Q7N7( '( 8#*4( )**.**1.%-( )%6( /#*4( 1)%)&.1.%-( E,/( ,EE*",/.( $5)-E,/1*T(

5.**,%*(E/,1(-".($#$./()5$")()22#6.%-7(l(REE*",/.(Q.2"(L/2-#2(N%&%&==Y(;=>>VA'($$7(=`>]

=>W(

Ü=\@á U.)/2.( Bg( )%6( 8( [( G0/%./( ;=>>WA'( pN2,%,1#2*( ,E( _)-0/)5( 8.*,0/2.*( )%6( -".(

N%3#/,%1.%-p^.1.5(^.1$*-.)6T(^)/3.*-./(g".)-*".)E7(

Ü=\`á U.)/2.'( B7( .-( )57( nG".( !,2#)5( K,*-( ,E( K5#1)-.( K")%&.T( a/..%",0*.( B)1)&.( )%6( -".(

<.%.E#-*(,E(K,%-/,5'o( #%(l7(</02.'(^7(Z..(t(N7(^)#-.*'(8.$,/-(,E(-".(g,/4#%&(a/,0$(FFF(-,(

-".(!.2,%6(L**.**1.%-(8.$,/-(,E( -".( F%-./&,3./%1.%-)5(U)%.5(,%(K5#1)-.K")%&.(_7dT(

K)1:/#6&.(b%#3./*#-+(U/.**'(=>>@7(

Ü=\?á U./1)%'87'( d0.(Q)7'( l)1.*(Q2a#53/)+( )%6(Q#2").5( K,11,%'( XWWV7( _)-0/)5( 8.*,0/2.(

)%6(N%3#/,%1.%-)5(N2,%,1#2*7(V/6(.6#-#,%7(U.)/*,%(N602)-#,%T(^)/5,9(

Ü=\>á U#6&.,%'(_7O7()%6(a/.&,/+'(87(;XWW\A(nl06&1.%-'(6.2#*#,%(1)4#%&()%6($0:5#2($,5#2+o7( F%(

B7([,."5./()%6(_7(^)/3.+(;.6*7A(<5)249.55(^)%6:,,4(,E(l06&1.%-()%6(B.2#*#,%(Q)4#%&7(

RDE,/6T(<5)249.55'($$(@W\M@XV7(

Ü=YWá U#6&.,%'(_7O7'(^,,6'(K7'(l,%.*'(B7'(G0/%./'(<7()%6(a#:*,%'(87(;=>>XA7(8#*4($./2.$-#,%7(K"(Y(
,E(8#*4(L%)5+*#*'( U./2.$-#,%()%6(Q)%)&.1.%-T(8.$,/-(,E( )(8,+)5( !,2#.-+( !-06+(a/,0$'(

Z,%6,%'(G".(8,+)5(!,2#.-+'(?>M=V\7(

Ü=Y=á U#6&.,%'( _7O7'( [)*$./*,%'( 87[7( )%6( !5,3#2'( U7( ;XWWVA( nG".( !,2#)5( L1$5#E#2)-#,%( ,E( 8#*4o'(

K)1:/#6&.'(KbU7(

Ü=YXá U#&,0(;=>@WA'(pG".(.2,%,1#2*(,E(9.5E)/.p(;O,0/-"(.6#-#,%(.67A'(Q)21#55)%'(Z,%6,%(;O#/*-(

.6#-#,%(=>XW()%6(E#/*-($0:5#2)-#,%(,E(-".(E,0/-"(.6#-#,%(=>VXA7(

Ü=YVá URQL8eQL8QNG( ;XWW`A'( pQ)/4.-( L%)5+*#*( )%6( 8#*4( Q)%)&.1.%-( ,E( Nb( N1#**#,%(

G/)6#%&p'( URQL8( U/,P.2-( /.M$,/-'( b%#3./*#-+( ,E( ^.5*#%4#( )%6( ^.5*#%4#( b%#3./*#-+( ,E(

G.2"%,5,&+7(

Ü=Y\á U*)/)E-#*'( ^7_7( )%6( ( [,%-,3)*'( K7L7( ;XWW>A( nKRX( N1#**#,%*( !-)-#*-#2*( E,/( -".( g,/56(

K,11./2#)5(O5..-o'(gQb(l,0/%)5(,E(Q)/#-#1.(LEE)#/*(?;=A'($$7=MXY(

Ü=YYá U*)/)E-#*'( ^7_7'( ;XWW?A'( nN%3#/,%1.%-)5( 8#*4( N3)50)-#,%( K/#-./#)o'( gQb( l,0/%)5( ,E(

Q)/#-#1.(LEE)#/*'(J,501.(`'(_01:./(X'(R2-,:./(XWW?('($$7(\W>M\X`;=>A((

Ü=Y@á U*)/)E-#*'( ^7_7'( K7L7( [,%-,3)*( ;XWW>A( n!"#$( N1#**#,%*T( Z,&#*-#2*( )%6( R-"./( G/)6.,EE*o'(

=W-"(F%-7(Q)/#%.(B.*#&%(K,%E./.%2.(;FQBKA'(G/,%6".#1'(_,/9)+'(Q)+(X@MX>7((
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Ü=Y`á U*)/)E-#*'(^7_7'([,%-,3)*'(K7L7'([)4)5#*'(_7(;XWW>A(nK,*-M.EE.2-#3.%.**(,E(!$..6(8.602-#,%(
)*( )%( N1#**#,%*( 8.602-#,%(Q.)*0/.( E,/( O)*-( !"#$*o'( =W-"( F%-7( K,%E./.%2.( ,%( O)*-( !.)(

G/)%*$,/-)-#,%'(L-".%*'((a/..2.'(R2-,:./(Y(M(?7((

Ü=Y?á U*)/)E-#*'( ^7_7'( a7a7G")/)4)%'( L7K.6./'( ;=>?@A'( nR$-#1)5( 8.*$,%*.( -,( R#5( !$#55*T( G".(

!-/)-.&#2(B.2#*#,%(K)*.'o(R$./)-#,%*(8.*.)/2"(V\'(_,7X'(XWVMX=`7(

Ü=Y>á U*)//,*'a7'( !4P,%&'( 87'( N%6./*.%'( R7( )%6( N7( J)%.1'( XWW>7( L( $./*$.2-#3.( ,%( -".(

6.3.5,$1.%-(,E(N%3#/,%1.%-)5(8#*4(L22.$-)%2.(K/#-./#)( /.5)-.6( -,(,#5( *$#55*7( !0:1#--.6(

-,(Q)/#-#1.(U,5#2+(t(Q)%)&.1.%-7(

Ü=@Wá 8)249#-S'(87';XWWXA'pR$-#1#S)-#,%()%6(/#*4()22.$-):#5#-+(:)*.6(,%(-".(Z#E.(c0)5#-+(F%6.Dp'(

!-/02-0/)5(!)E.-+(X\(;XWWXA'($$7X>`MVV=7(

Ü=@=á 8)#EE)'(^7(;=>@?A(nB.2#*#,%(L%)5+*#*o'(L66#*,%Mg.*5.+'(8.)6#%&'(QL7(

Ü=@Xá 8)0*)%6(Q7()%6(L7(^õ+5)%6'(n!+*-.1(8.5#):#5#-+(G".,/+o(;*.2,%6(.67A'(g#5.+'(_.9(d,/4(

;XWW\A7(

Ü=@Vá 8.%%(R7()%6(L7([5#%4.'(L(%.9()$$/,)2"(-,(/#*4(.3)50)-#,%()%6(1)%)&.1.%-T(/#*4M:)*.6(

$/.2)0-#,%M:)*.6( )%6( 6#*2,0/*.M:)*.6( *-/)-.&#.*'( 8#*4( L%)5+*#*XX( ;XWWXA'( $$7( =W`=]

=W>\7(

Ü=@\á 8#2")/6( G7( g,,69)/6( )%6( 8#2")/6( K( <#*",$'( ;=>>`A( n^,9( -,( 6.2#6.( 9".%( .D$./-*(

6#*)&/..T(b%2./-)#%-+M:)*.6( 2",#2.( /05.*( #%( .%3#/,%1.%-)5( $,5#2+'o( Z)%6( N2,%,1#2*( `V(

;_,3.1:./(=>>`A'(\>XMYW`7(

Ü=@Yá 8,:#%*,%()%6(l7[7(^)11#--(;XW==A(n<.")3#,/)5(N2,%,1#2*()%6(8.&05)-,/+(L%)5+*#*'o(8#*4(

L%)5+*#*(BRFT(=W7====eP7=YV>M@>X\7XW==7W=@@=7D(

Ü=@@á 8,+)5( !,2#.-+( ;=>>XA( n8#*4T( L%)5+*#*'( U./2.$-#,%( )%6(Q)%)&.1.%-o'( 8.$,/-( ,E( )( 8,+)5(

!,2#.-+(!-06+(a/,0$'(G".(8,+)5(!,2#.-+'(Z,%6,%7(

Ü=@`á 80**.55( K'( ;XWW=A'( pL$$5+#%&( N2,%,1#2*( -,( -".( N%3#/,%1.%-p( =*-( .6#-#,%( ,%5+7( RDE,/6T(

RDE,/6b%#3./*#-+(U/.**7(

Ü=@?á !2".55#%&'( G",1)*( K7( ;XWW`A( pK5#1)-.( K")%&.T( G".( b%2./-)#%-#.*'( -".( K./-)#%-#.*( )%6(

g")-(G".+(F1$5+(L:,0-(L2-#,%'p(G".(N2,%,1#*-*r(J,#2.T(J,57(\(T(F**7(V'(L/-#25.(V7((

Ü=@>á !.%'(L7'(=>``)7(!,2#)5(2",#2.(-".,/+T()(/.M.D)1#%)-#,%7(N2,%,1.-/#2)(\Y'(YV]>W7(

Ü=`Wá !.%'(L7'(=>``:7(R%(9.#&"-*()%6(1.)*0/.*7(N2,%,1.-/#2)(\\'(=YV>]=Y`X7(

Ü=`=á !.%6#(U7()%6(L7(a)E%#()%6(!7(<#/2"'(nR$$,/-0%#-+(2,*-*()%6(0%2./-)#%-+(#%(-".(.2,%,1#2(

.3)50)-#,%(,E(".)5-"(2)/.(#%-./3.%-#,%*o'(^.)5-"(N2,%7(==(;XWWXA(XVMV=7(

Ü=`Xá !")"/#)/#'( Q7'( O/,*-'L7'( XWW?7R#5( *$#55( 25.)%0$( 2,*-( .*-#1)-#,%sB.3.5,$#%&( )(

1)-".1)-#2)5( 1,6.5( E,/( 1)/#%.( .%3#/,%1.%-( 'U/,2.**( !)E.-+( )%6( N%3#/,%1.%-)5(

U/,-.2-#,%'(J,501.(?@'(F**0.(V'($$(=?>M=>`(

Ü=`Vá !#.:./-( ^( ;XWW=A7( pN2,%,1#2*( ,E( -".( N%3#/,%1.%-T( G".,/+( )%6( U,5#2+p'( \-"( .6#-#,%7(

<./5#%T!$/#%&./7(

Ü=`\á !4P,%&( 87( ;XWWX)A( n8#*4( L22.$-)%2.( K/#-./#)T( 20//.%-( $/,$,*)5*( )%6( FQR( $,*#-#,%o'(

!0/E)2.(-/)%*$,/-(-.2"%,5,&#.*(E,/(*0*-)#%):5.(6.3.5,$1.%-'(J)5.%2#)'(!$)#%'(\M@(l0%.7(

Ü=`Yá !4P,%&(87()%6(N4%.*(Q7Z7(;XWW=A(nN2,%,1#2(L2-#3#-+()%6(!,2#.-)5(8#*4(L22.$-)%2.o'(N!8NZ(

XWW='(=@MXW(!.$-.1:./'(XWW='(G0/#%'(F-)5+7(

Ü=`@á !4P,%&'(87()%6(8,%,56'([7(;XWWXA(p!,(Q02"(E,/(!)E.-+p'(U/.*.%-)-#,%()-(RQLN(XWWX'(R*5,'(

l0%.(X\-"(M(l0%.(X?-"'(XWWX7(
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Ü=``á !4P,%&'( 87'( N7( J)%.1'( ( N%6/.*.%( ;XWWYA'( n8#*4( N3)50)-#,%( K/#-./#)o( !LONBR8MBM\7Y7XM

XWWYM=WMX=MB_J'(R2-,:./(;)3)#5):5.()-(9997*)E.6,/7,/&A7(

Ü=`?á !4P,%&'( 87'( N7( J)%.1'( ñ7( N%6/.*.%'( XWWY7( 8#*4( N3)50)-#,%( K/#-./#)o( !LONBR8MBM\7Y7XM

XWW`M=WMX\MB_JM8#*4N3)50)-#,%K/#-./#)M/.3MV7W'(ÜR%5#%.á(9997*)E.6,/7,/&7(

Ü=`>á !5,3#2'(U7'(;=>>?A'(oG".(/#*4(&)1.o'(8.5#):#5#-+(N%&#%../#%&()%6(!+*-.1(!)E.-+Y>'($$7(`V]

``(

Ü=?Wá !5,3#2'(U)05'(;.67A(;XWWWA(nG".(U./2.$-#,%(,E(8#*4o'(N)/-"*2)%'(J#/&#%#)7((
Ü=?=á !5,3#2'(U)05'(<)/02"(O#*2"",EE'(!)/)"(Z#2"-.%*-.#%(;=>?XA(ng"+(!-06+(8#*4(U./2.$-#,%ko'(

8#*4(L%)5+*#*(X;XA(;=>?XAT(?V]>V7(

Ü=?Xá !,)/.*'( a0.6.*( K7( )%6( L7( U7( G.#D.#/)'( ;XWW=A'( n8#*4( )**.**1.%-( #%( 1)/#-#1.(

-/)%*$,/-)-#,%o'(8.5#):#5#-+(N%&#%../#%&(t(!+*-.1(!)E.-+'(J,501.(`\'(F**0.(V'(U)&.*(X>>M

VW>7(

Ü=?Vá !-)"5:5,24'( 87'( !7( J,**'( ;XWW`A'( nJ."#25.( 8,0-#%&( U/,:5.1*( )%6( K,%-)#%./( G./1#%)5(

R$./)-#,%*M(L%(b$6)-.(,E(8.*.)/2"'o(#%(nG".(J."#25.(8,0-#%&(U/,:5.1T(Z)-.*-(L63)%2.*(

)%6(_.9(K")55.%&.*'o(<7(a,56.%'(!7(8)&")3)%()%6(N7(g)*#5(;.6*A'(!$/#%&./'(_.9(d,/47(

Ü=?\á !-)%-,%(N7()%6(L24./1)%(O7( ;XWW?A(nR0-(,E( -".(!")6,9*T(g")-I*(<."#%6(BNO8LI*(_.9(

L$$/,)2"(-,(-".(U/#2.(,E(K)/:,%o'(L(/.$,/-(-,(O/#.%6*(,E(-".(N)/-"(N%&5)%6'(g)5.*()%6(

_,/-"./%(F/.5)%6(((

Ü=?Yá !-..%4.%'( B7'( J,**'( !7( )%6( !-)"5:,24'( 87( ;XWW\A7( HK,%-)#%./( -./1#%)5( ,$./)-#,%( )%6(

,$./)-#,%*(/.*.)/2"(]()(25)**#E#2)-#,%()%6(5#-./)-0/.(/.3#.9I'(R8(!$.2-/0104T(V]\>7(

Ü=?@á !-./%'( _7( ;XWW`A'G".( N2,%,1#2*( ,E( K5#1)-.( K")%&.T( G".( !-./%( 8.3#.97( K)1:/#6&.(

b%#3./*#-+(U/.**(K)1:/#6&.'(b[7(

Ü=?`á !-#&5#-S'(l,*.$"(;XWW@A(pL(_.9(L&.%6)(E,/(a5,:)5(g)/1#%&'p(G".(N2,%,1#*-*r(J,#2.T(J,57(

V(T(F**7(`'(L/-#25.(V7(

Ü=??á G"ä:)06'(R7'(B7(<)#55+'(l7(^)+'()%6(l7L7(Uä/.S(L&0%6.S'(XWWY7((G".(2,*-(,E(,#5($,550-#,%()-(
*.)( T( )%( )%)5+*#*( ,E( -".( $/,2.**( ,E( 6)1)&.( 3)50)-#,%( )%6( 2,1$.%*)-#,%( E,55,9#%&( ,#5(

*$#55*7( #%( N2,%,1#2'( !,2#)5( )%6( N%3#/,%1.%-)5( NEE.2-*( ,E( -".( U/.*-#&.( R#5( !$#55( 6.(

K,1$,*-.55)'(!)%-#)&,7(XWWY7($7(=?`MX=>7(

Ü=?>á G#.-.%:./&( G( ;XW==A'( N%3#/,%1.%-)5( )%6( _)-0/)5( 8.*,0/2.( N2,%,1#2*p'( @-"( .6#-#,%7(

8.)6#%&T(Q)**T(L66#*,%(g.*5.+7(

Ü=>Wá G#.-.%:./&'( G7( '( =>>@7( N%3#/,%1.%-)5( )%6( %)-0/)5( /.*,0/2.( .2,%,1#2*7( ^)/$./K,55#%*(

K,55.&.(U0:5#*"./*'(_.9(d,/4'(_d7(

Ü=>=á G,5'( 87( !7( l7( ;( XWW?A'o( G".( !,2#)5( K,*-( ,E( K)/:,%T( G/.%6*'( R0-5#./*( )%6( K)-)*-/,$".*o'(
N2,%,1#2*T(G".(R$.%ML22.**'(R$.%ML**.**1.%-(NMl,0/%)5'(J,57(X'(XWW?MXY'(L22.**.6()-(

"--$Tee9997.2,%,1#2*M.P,0/%)57,/&e.2,%,1#2*eP,0/%)5)/-#25.*eXWW?MXY(

Ü=>Xá G3./*4+'( L7( t( [)"%.1)%'( B7( ;=>`\A7( nl06&1.%-*( 0%6./( 0%2./-)#%-+T( ^.0/#*-#2*( )%6(

:#)*.*o'(!2#.%2.'(=?Y'(==X\M==V=7(

Ü=>Vá G3./*4+'( L1,*( )%6( B)%#.5( [)"%.1)%( ;=>`\A( nl06&1.%-( 0%6./( b%2./-)#%-+T( ^.0/#*-#2*(

)%6(<#)*.*7o(!2#.%2.(=?Y;\=Y`A'==X\]==V=7(

Ü=>\á b_OKK(;=>>`A(n[+,-,(U/,-,2,5(-,(-".(b%#-.6(_)-#,%*(O/)1.9,/4(K,%3.%-#,%(,%(K5#1)-.(

K")%&.o'(Ü,%5#%.á("--$Tee0%E2227#%-e/.*,0/2.e6,2*e2,%34$e4$.%&7"-1(

Ü=>Yá b_OKK(;=>>>A'(p[+,-,(U/,-,2,5(-,(-".(b%#-.6(_)-#,%*(O/)1.9,/4(K,%3.%-#,%(,%(K5#1)-.(

K")%&.p'("--$Tee0%E2227#%-e/.*,0/2.e6,2*e2,%34$e4$.%&7"-1'(=>>>7(
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Ü=>@á b!(O.6./)5(8.&#*-./'(;XW=WApZ#&"-MB0-+(J."#25.(a/..%",0*.(a)*(N1#**#,%(!-)%6)/6*()%6(

K,/$,/)-.(L3./)&.( O0.5( N2,%,1+( !-)%6)/6*C( O#%)5( 805.p'L(805.( :+( -".( N%3#/,%M1.%-)5(

U/,-.2-#,%( L&.%2+( )%6( -".( _)-#,%)5( ^#&"9)+( G/)EE#2( !)E.-+7( L3)#5):5.( ,%5#%.( )-T(

"--$Tee9997&$,7&,3eE6*+*e$4&eO8MXW=WMWYMW`e$6EeXW=WM?=Y>7$6E(

Ü=>`á J)%.1'(N7'(N%6/.*.%'(ñ7'(!4P,%&'(87'(XWW`)7(K,*-(.EE.2-#3.%.**(2/#-./#)(E,/(1)/#%.(,#5(*$#55(

$/.3.%-#3.(1.)*0/.*7(8.5#):#5#-+(N%&#%../#%&()%6(!+*-.1(!)E.-+7(>V(;>A'($$7(=VY\M=V@?7(

Ü=>?á J)%.1'(N7'(N%6/.*.%'(ñ7'(!4P,%&'(87'XWW`:7((KLG!(](K,*-M.EE.2-#3.%.**(#%(B.*#&%#%&(E,/(R#5(

!$#55(U/.3.%-#,%7((U8LB!(XWW`(K,%E./.%2.'(^,0*-,%'(b!L'(R2-,:./7(

Ü=>>á J.%-#4,*(_7'(U*)/)E-#*(^7( ;XWWVA(n!$#55()22#6.%-(1,6.5#%&T()(2/#-#2)5( *0/3.+(,E( -".(.3.%-M

6.2#*#,%( %.-9,/4( #%( -".( 2,%-.D-( ,E( FQRI*( E,/1)5( *)E.-+( )**.**1.%-o'( l,0/%)5( ,E(

^)S)/6,0*(Q)-./#)5*'(N5*.3#./'($7(Y>M@@7(

ÜXWWá J.%-#4,*'(_7(U7('(^)-S#%#4,5),+(!7(B7(()%6(m)&,/)#,*'(a7'(XWW>7(G".(2,*-(,E(,#5(*$#55(/.*$,%*.(
#%(a/..2.T()%)5+*#*()%6(/.*05-*7(U/,27(F%-7(Q)/#-#1.(L**,2#)-#,%(,E(Q.6#-.//)%.)%7(=XM=Y(

R2-,:./7(F*-)%:05'(G04.+7(

ÜXW=á J#%%.1'( l)%(N/#4T( pREE*",/.(8#*4(L**.**1.%-T(U/#%2#$5.*'(Q,6.5#%&'()%6(L$$5#2)-#,%*(,E(

c8L(!-06#.*p(;X%6(.67A7(!$/#%&./'(Z,%6,%'(XWW`(

ÜXWXá J#*'(F7()%6(6.([,*-./'(87(;XWWVA7(HG/)%**"#$1.%-(,E(2,%-)#%./*()-()(2,%-)#%./(-./1#%)5T(L%(

,3./3#.9I'(N0/,$.)%(l,0/%)5(,E(R$./)-#,%)5(8.*.)/2"(725T(=]=@(

ÜXWVá J,%(_.01)%%'( l7'(Q,/&.%*-./%'( R7'( =>\\7( G".,/+( ,E( a)1.*( )%6( N2,%,1#2( <.")3#,0/7(

U/#%2.-,%(b%#37U/.**'(U/#%2.-,%'(_l7(

ÜXW\á J,*.'(B7('o8#*4(L%)5+*#*o(;*.2,%6(.67A'(l,"%(g#5.+()%6(!,%*'(F%27'(_.9(d,/4(;XWWWA7(

ÜXWYá g)%&'( l7'( ;XWW=A'( nG".( 20//.%-( *-)-0*( )%6( E0-0/.( )*$.2-*( #%( E,/1)5( *"#$( *)E.-+(

)**.**1.%-o'(!)E.-+(!2#.%2.'(J,501.(V?'(F**0.(='(U)&.*(=>MVW7(

ÜXW@á g)%&'( O7( )%6( Z#1'( L7( ;XWW`A7( pL( *-,2")*-#2( :.)1( *.)/2"( E,/( -".( :./-"( )55,2)-#,%(

$/,:5.1p'(B.2#*#,%(!0$$,/-(!+*-.1*(\XT(X=?@]X=>@7(

ÜXW`á g)-4#**'( U7( )%6( ^,$.'( K7( ;XW==A'( nb*#%&( -".( !,2#)5( K,*-( ,E( K)/:,%( #%( 8.&05)-,/+(

B.5#:./)-#,%*o'(gF8N*(K5#1)-.(K")%&.7(XW==(BRFT(O,/-"2,1#%&7(

ÜXW?á g)-4#**( U( ;XW==A( Q,%.-)/+( 3)50)-#,%( ,E( &/..%",0*.( &)*.*7( F%T( _/#)&0( lR( ;.67A(

N%2+25,$.6#)(,E(N%3#/,%1.%-)5(^.)5-"'(3,501.(V'($$7(?\`ö?YY(<0/5#%&-,%T(N5*.3#./7(

ÜXW>á g.#%*-.#%'(Q7K7'( ;=>>WA( nU/#%2#$5.*( ,E( 2,*-M.EE.2-#3.( /.*,0/2.( )55,2)-#,%( #%( ".)5-"( 2)/.(

,/&)%#*)-#,%*o'(F%-./%)-#,%)5(l,0/%)5(,E(G.2"%,5,&+(L**.**1.%-(#%(^.)5-"(K)/.'(@(;=>>WA(

>VM=WV7(

ÜX=Wá g.#%*-.#%'( Q7K7'( Q)%%#%&'( g7a7( l/7'( =>>`7( G".,/.-#2)5( #**0.*( #%( 2,*-M.EE.2-#3.%.**(

)%)5+*#*7(l,0/%)5(,E^.)5-"(N2,%,1#2*(=@'(=X=]=X?7(

ÜX==á g.#%*-.#%'(Q7K7'( !#.&.5'( l7N7'(a)/:./'( L7Q7'( Z#:*2,1:'( l7'( Z02.'( <787'(Q)%%#%&'(g7a7( l/7'(

G,//)%2.'(a7g7'(=>>`7(U/,602-#3#-+(2,*-*'(-#1.(2,*-*()%6(".)5-"(/.5)-.6(f0)5#-+(,E(5#E.T()(

/.*$,%*.(-,(-".(N/)*10*(a/,0$7(^.)5-"(N2,%,1#2*(@'(YWY]Y=W7(

ÜX=Xá g.#%*-.#%'( QK7( )%6( m.24")0*./'( 87( ;=>`VA'o( K/#-#2)5( /)-#,*( )%6( .EE#2#.%-( )55,2)-#,%o'(

l,0/%)5(,E(U0:5#2(N2,%,1#2*'(X(;=>`VA(=\`M=Y`7(

ÜX=Vá g"#-.'(F7K7'(Q,55,+'(O7('XWWV7(O)2-,/*(-")-(B.-./1#%.(-".(K,*-(,E(R#5(!$#55*7(F%-./%)-#,%)5(

R#5(!$#55(K,%E./.%2.(XWWV'(J)%2,03./'(K)%)6)'(@M==(L$/#57(

ÜX=\á d)1)6)'(d7('XWW>7(G".(K,*-(,E(R#5(!$#55*(E/,1(G)%4./*(#%(8.5)-#,%(-,(g.#&"-(,E(!$#55.6(R#5'(

Q)/#%.(G.2"%,5,&+'(\@;\A7($$7(X=>MXX?7(
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ÜX=Yá d,".'(a7g7'(87B7(Z)*2,'(c7[7(L"1)6'(_7g7(L/%.55'(!7l7(K,".%'(K7(^,$.'(L7K7(l)%.-,*()%6(

87G7(U./.S7(Q7Z7(U)//+'(R7O7(K)%S#)%#'(l7U7(U)50-#4,E'(U7l7(3)%(6./(Z#%6.%()%6(K7N7(^)%*,%'(

N6*7( ;XWW`A7( pU./*$.2-#3.*( ,%( 25#1)-.( 2")%&.( )%6( *0*-)#%):#5#-+7( K5#1)-.(K")%&.( XWW`T(

F1$)2-*'(L6)$-)-#,%()%6(J05%./):#5#-+7(K,%-/#:0-#,%(,E(g,/4#%&(a/,0$( FF( -,( -".(O,0/-"(

L**.**1.%-( 8.$,/-( ,E( -".( F%-./&,3./%1.%-)5( U)%.5( ,%( K5#1)-.( K")%&.p7( K)1:/#6&.(

b%#3./*#-+(U/.**7(8.-/#.3.6(XWW>MWYMXW7(

ÜX=@á m)2")/#)6#*'(U7'(^7_7(U*)/)E-#*'(K7L7([,%-,3)*(;XWW`A'(n8#*4(<)*.6(805.1)4#%&()%6(B.*#&%T(

U/,2..6( 9#-"( K)0-#,%o'( 8F_L( 2,%E./.%2.( ,%( B.3.5,$1.%-*( #%( K5)**#E#2)-#,%( )%6(

F%-./%)-#,%)5(8.&05)-#,%*'(Z,%6,%'(l)%0)/+7(

(

 

 

(

(

(

(

(

(

(

(

(

(

(

(

(





 

 

A  
CAUSES, TRENDS OF OIL SPILLS AND 
REGRESSION ANALYSIS OF IOPCF COST DATA 

)
>BB($7&F)>QGQ)))))A#"+(+)34)R&9)5B&99+)
)
!#%2.( =>`\( -".( F%-./%)-#,%)5( G)%4./( R9%./*( U,550-#,%( O.6./)-#,%( ;FGRUOA( ")*( 1)#%-)#%.6( )(

6)-):)*.(,E(1,/.(-")%(=W'WWW(,#5(*$#55*(E/,1(-)%4./*'(2,1:#%.6(2)//#./*()%6(:)/&.*7(G".(FGRUO(

6)-):)*.( #%2506.*( )55( /.$,/-.6( )22#6.%-)5( *$#55)&.*( ;.D2.$-( -",*.( /.*05-#%&( E/,1( )2-*( ,E(9)/A(

9"#2"()/.(6#3#6.6(#%-,(-"/..(2)-.&,/#.*(:+(*#S.(;5.**(-")%(`(-,%%.*'(:.-9..%(`()%6(`WW(-,%%.*(

)%6(&/.)-./(-")%(`WW(-,%%.*A7(F-(*",056(:.(%,-.6(-")-(-".(E#&0/.*(E,/(-".()1,0%-(,E(,#5(*$#5-(#%(

-".(E,55,9#%&()%)5+*#*($/.*.%-(-".(-,-)5(,#5(5,*-(-,(-".(.%3#/,%1.%-(;#%2506#%&(-".(,#5(,%.(-")-(#*(

:0/%-( )%6( -".( ,%.( -")-( /.1)#%*( #%( )( *0%4.%( 3.**.5A7( L22,/6#%&( -,( FGRUO( ;^0#P./( ;XWWYA( )%6(

FGRUO;XWW>AA(-".(1)P,/#-+(,E(/.$,/-.6(*$#55*()/.(E/,1(*1)55(,$./)-#,%)5(*$#55)&.*(,E(5.**(-")%(`(

-,%%.*(E,/(9"#2"(2,1$5.-.(/.$,/-#%&(#*(6#EE#205-()%6'(-"0*'(H5#--5.(*-)-#*-#2)5(/.5#)%2.(#*($5)2.6(,%(

-".(6)-)I7((O,/(-"#*(/.)*,%'(,0/()%)5+*#*(9.(9#55(E,20*(,%(*$#55*():,3.(`(-,%%.*7((

G):5.(L=M=T((F%2#6.%2.(,E(!$#55*(:+(K)0*.'(=>`\MXWW?((M(!,0/2.T(FGRUO(;XWW>A((

+AX6O* * Y5* 5D5QQ* Z5QQ* Z5* NCNA[*

C\O>AN!CI6* ( ( ( ( (

Z,)6#%&eB#*2")/&#%&( X?XY( VV\( VW( V@\( V=?>(

<0%4./#%&( Y\>( X@( W( X@( Y`Y(

R-"./(,$./)-#,%*( ==`?( Y@( =( Y`( =XVY(

( ( ( ( ( ( (

A++!POIN6* ( ( ( ( (

K,55#*#,%( ( =`Y( VWV( >>( \WX( Y``(

a/,0%6#%&( XV?( XX@( ==>( V\Y( Y?V(

^055(O)#50/.( Y`@( >W( \V( =VV( `W>(

O#/.eND$5,*#,%( ??( =@( VW( \@( =V\(

R-"./( ( X=??( =YX( X@( =`?( XV@@(

( ( ( ( ( ( (

NCNA[* ( `?=`( =XWV( V\?( =YY=( >V@?(

(

(
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G):5.( L=M=( $/.*.%-*( -".( %01:./( ,E( #%2#6.%2.*( ,E( *$#55*( 2)-.&,/#S.6( :+( 2)0*.( E,/( -".( $./#,6(

=>`YMXWW?7( K,%*.f0.%-5+'( O#&0/.( L=M=( 3#*0)5#S.*( -".( 6)-)( E/,1( -"#*( -):5.( :+( *",9#%&( -".(

$./2.%-)&.*(,E(.)2"(2)0*.(E,/(-".(*$#55(*#S.(2)-.&,/#.*()%6(E,/(*$#55*(,3./(`(-,%%.*7(

(

(
O#&7(L=M=TU./2.%-)&.(,E(F%2#6.%2.(,E(!$#55*(:+(K)0*.'(=>`\MXWW?((((((;(:)*.6(,%(6)-)(E/,1(FGRUO;XWW>A(A(

(

F-( #*( )$$)/.%-( E/,1( -".( ):,3.( E#&0/.( -")-( 1,*-( *$#55*( E/,1( -)%4./*( /.*05-( E/,1( /,0-#%.(

,$./)-#,%*'(9"#2"( %,/1)55+( ,220/( #%( $,/-*( )%6( ,#5( -./1#%)5*7( G".(1)P,/#-+( ,E( -".*.( *$#55*( )/.(

*1)55( ;5.**( -")%( `( -,%%.*A7( RE( -".( )22#6.%-)5( 2)0*.*'(1,*-( #%2#6.%-*( )/.( E/,1( 2,55#*#,%*( )%6(

&/,0%6#%&*7( G".*.( /.*05-*( )/.( #%( 5#%.( 9#-"( ^0#P./( ;XWWYA( )%6( <0/&".//( ;XWW`A7( ^,9.3./'( 9.(

*",056( *-/.**( -")-( -".( 2)-.&,/#.*( 2,%*#6./.6( ;K,55#*#,%'( ND$5,*#,%eO#/.'( a/,0%6#%&'(

^055e!-/02-0/)5(O)#50/.()%6(R-"./A()/.(-".(*)1.(9#-"(-",*.(0*.6(:+(Z5,+6*I(ZQFb'(FQR'(FGRUO(

)%6(,-"./(2)*0)5-+(6)-):)*.*7(Q)%+(*02"(6)-):)*.*()/.(1,/.(0*.E05( E,/()&&/.&)-.(*-)-#*-#2)5(

)%)5+*#*(,E(2)*0)5-+(6)-)()%6(5.**(0*.E05(-,(6/)9(2,%250*#,%*()*(-,(-".(/.)5(2)0*.(,E()%()22#6.%-(

)%6( -".( *.f0.%2.( ,E( .3.%-*( /.5)-.6( -,( #-7( G".( 5)--./( 1)+( )2-0)55+( :.( )( 2,1$5.D( -)*4( -,(
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)*2./-)#%'()*(#-(1)+(:.(-".(,:P.2-(,E()%()22#6.%-(#%3.*-#&)-#,%(-")-(1)+(-)4.(+.)/*(-,(2,1$5.-.'(

%,-(-,(1.%-#,%(-")-(#-(1)+(:.(-".(,0-2,1.(,E()(5#-#&)-#,%($/,2.**(-")-(2)%(:.(.f0)55+()*(5,%&7(

L%,-"./( 6/)9:)24( ,E( 6)-):)*.*( *02"( )*( -".( ):,3.( #*( -")-( /,,-( 2)0*.( #%E,/1)-#,%( #*( 0*0)55+(

1#**#%&'()*(*02"(#%E,/1)-#,%(2)%(,%5+(:.(/.-/#.3.6()E-./(2,%*#6./):5.()%)5+*#*(,E(-".()22#6.%-*(

-".1*.53.*7( g,/4#%&( 9#-"( 2)*0)5-+( 6)-):)*.*( -")-( ")3.( #%2,1$5.-.( ,/( .3.%( 9/,%&( 2)0*.(

#%E,/1)-#,%(1)+(*4.9(-".(.%*0#%&()%)5+*#*'($)/-#205)/5+(/.&)/6#%&(1.)*0/.*(-,(/.602.(/#*47((

(

Ñ".($/,:5.1(,E(5)24(,E(*0EE#2#.%-()%6(/.5.3)%-(2)*0)5-+(6)-)()%6(.*$.2#)55+(-".(5)24(,E(6)-)(,%(

-".( /,,-( 2)0*.*( ,E( )22#6.%-*( #%( -".( .D#*-#%&( 6)-):)*.*( ")*( :..%( /.$.)-.65+( *-/.**.6( ;*..(

[,%-,3)*( )%6( U*)/)E-#*( ;XWW>AA7( O,/( .D)1$5.'( 6)-):)*.*( 2)-.&,/#S.( 2)*0)5-#.*( )*( 2,55#*#,%'(

&/,0%6#%&'(E#/.'(.D$5,*#,%'(E,0%6./#%&(.-27(<0-(-".*.()/.(2,%*.f0.%2.*'(%,-(2)0*.*7(!,1.-"#%&(

)59)+*(")$$.%.6(:.E,/.()(&/,0%6#%&(,/()(2,55#*#,%(,220/.6'()%6(E,20*#%&(,%(-".(2,%*.f0.%2.(

)%6(%,-(-".(/,,-(2)0*.(1)+(*4.9(-".()%)5+*#*(-")-(E,55,9*'()%6(;)-(1#%#101A(*"#E-(/.&05)-,/+(

E,20*(-,(1.)*0/.*(-")-(1#-#&)-.(-".(2,%*.f0.%2.(/)-"./(-")%($/.3.%-(-".(2)0*.7(

(

Z)24( ,E( /.)5( 2)0*.( #%E,/1)-#,%( #%( 2)*0)5-+( 6)-):)*.*( /.1)#%*( )( *./#,0*( "#%6/)%2.( -,(

/.*.)/2"./*( )%6( /#*4( )%)5+*-*7( ( <.2)0*.( ,E( 0%25.)/( ,/( 1#*5.)6#%&( 2)0*.( #%E,/1)-#,%'( -".(

/.2,11.%6.6( 8#*4( K,%-/,5( R$-#,%*( ;8KR*A( -.%6( -,( :.( &.)/.6( -,9)/6( 1#-#&)-#%&( -".(

2,%*.f0.%2.*(,E()22#6.%-*(#%*-.)6(,E($/.3.%-#%&(-".()22#6.%-(#%(-".(E#/*-($5)2.(;#7.7(8KR*(1)+(

:.($/,$,*.6(*,(-")-(-".(3.**.5(:.--./(9#-"*-)%6*()(2,55#*#,%A7((^,9.3./'(#E(*0EE#2#.%-(6)-)(9)*(

)3)#5):5.(E,/(-".(/,,-(2)0*.(,E(-".(2,55#*#,%'(:.--./()%6($,**#:5+(102"(1,/.(2,*-(.EE.2-#3.(8KR*(

2,056(:.($/,$,*.6( ;"+$,-".-#2)55+( 60$5#2)-#,%(,E( )( *1)55(1.2")%#2)5( $)/-(9",*.( E)#50/.(1)+(

5.)6(-,(5,**(,E($,9./(e(*-../#%&A7((Q,*-(#1$,/-)%-5+'(-".()22#6.%-(2,056(:.($/.3.%-.67(

(

F%(-"#*(2,%-.D-'(9.(6/)9()--.%-#,%(-,(/.2.%-(FQR(6,27(Q!K(?@e=>e=(:+(a./1)%+'()%6(-,(6,27(

Q!K(?@e=`e=(:+(a/..2.'(-")-(1)4.(-"#*(#1$,/-)%-($,#%-(;)1,%&(,-"./*A'()($,#%-(9"#2"(")*(;-,(

,0/(4%,95.6&.()-(5.)*-A'(/.2.#3.6(E)/(5.**()--.%-#,%(-")%(9")-(#-(6.*./3.*7(O,/()(6#*20**#,%(,E(

#**0.*($./-)#%#%&(-,(0*.*(,E(2)*0)5-+(6)-):)*.*'(*..()5*,(B.3)%%.+(;XWW?A7(

(

(

(

(

(

(

(

(

(

(

(

(

(

(
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>BB($7&F)>QGS)))))@1($7+)&$)%<()T"/I(1)#$7)L39"/()34)R&9)5B&99+)
*

L*( 9.( 6#*20**.6( :.E,/.'( -".( 1)P,/#-+( ,E( )22#6.%-)5( *$#55*( ,%( FGRUOI*( 6)-)*.-( E)55( #%-,( -".(

2)-.&,/+(,E(*$#55*(5.**(-")%(`(-,%%.*7(O0/-"./1,/.'(-".(%01:./(,E(*$#55*($./(+.)/(E,/()22#6.%-)5(

*$#55*(,E(5.**(-")%(`(-,%%.*()/.(%,-($/.*.%-.6(:+(FGRUO7(O#&0/.(L=MX(*",9*(-".(%01:./(,E(*$#55*(

$./(+.)/()%6'()*(,%.(1)+(%,-#2.'(-".(6,1#%)%-(*#S.(2)-.&,/+(#*(-")-(,E(`M`WW(-,%%.*7(F-(#*()5*,(

)$$)/.%-(-")-(-"./.(")*(:..%()(6.2/.)*.(#%(-".(-,-)5(%01:./(,E(*$#55*()*(9.(9#55($/,3.(5)-./(,%7(

(

O#&0/.( L=MXT( ( L%%0)5( c0)%-#-+( ,E( R#5( *$#5-'( =>`\MXWW?( ;:)*.6( ,%( 6)-)( E/,1( FGRUO;XWW>AA*
(

G".(*)1.(6,9%9)/6(-.%6.%2+( #*()$$)/.%-( #%( -".(-,-)5()%%0)5(f0)%-#-+(,E(,#5( *$#5-(60/#%&(-".(

5)*-(6.2)6.(;*..(O#&7(L=MXA7(LE-./(-".()22#6.%-*(,E(-)%4./*(^.)3.%(;=\\'WWW(-A()%6(L<G(!011./(

;X@W'WWW-A( #%(=>>='(%,()22#6.%-():,3.(=WW'WWW-(")*(")$$.%.6()%6'(-"0*'(-".(-,-)5()1,0%-(,E(

,#5(*$#5-(6.2/.)*.6(2,%-#%0,0*5+7(O#&0/.(L=MV($/.*.%-*(-".()3./)&.(*$#55(*#S.($./(+.)/()%6()*(,%.(

1)+(%,-#2.()E-./(=>>=()55()3./)&.(*$#55(*#S.*()/.(:.5,9(\'WWW(-,%%.*7(

(

O#&0/.(L=MVT((L%%0)5(c0)%-#-+(,E(R#5(*$#5-'(=>`\MXWW?((((((((;(:)*.6(,%(6)-)(E/,1(FGRUO;XWW>A(A(

*
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(

O#&0/.(L=M\T((L3./)&.(c0)%-#-+(,E(R#5(*$#5-($./(F%2#6.%-'(=>`\MXWW?(((((;(:)*.6(,%(6)-)(E/,1(FGRUO;XWW>A(A(

(

L22,/6#%&(-,(FGRUO;XWW>A(n-".(#%2#6.%2.(,E(5)/&.(*$#55*(#*(/.5)-#3.5+(5,9()%6(6.-)#5.6(*-)-#*-#2)5(

)%)5+*#*(#*(/)/.5+($,**#:5.'o(-"0*'(.1$")*#*(#*(,%5+(&#3.%(,%(#6.%-#E+#%&(-/.%6*(;*..(^0#P./(;XWWYA(

)%6(<0/&".//(;XWW`AA7(<0/&".//(;XWW`A($/,3#6.*()%(#%M6.$-"()%)5+*#*(,E()22#6.%-)5(,#5(*$#55*(E/,1(

-)%4./*(#E(,#5(*$#55*():,3.(`WW-(E,/(-".($./#,6(,E(=>`WMXWW\7(<.*#6.*(-".(-/.%6*(#6.%-#E#.6(#%(-")-(

$)$./'( )( &5,:)5( )%)5+*#*( )66/.**#%&( *$)-#)5( )0-,2,//.5)-#,%(,E( ,#5( 3,501.*()2/,**( )55( 5,2)-#,%*(

0*#%&(Q)/*6.%( !f0)/.*( ;=W
,
( 5)-#-06.( :+( =W

,
( 5,%&#-06.A( 9)*( $./E,/1.6( -,( 6.-.2-( #E( 6)-)( )/.(

250*-./.6( ,/( 6#*-/#:0-.6( /)%6,15+( #%( *$)2.7( O0/-"./1,/.'( -".( 6#*-/#:0-#,%( ,E( -)%4./( *$#55(

3,501.*'()%6(1,/.($/.2#*.5+'(-".(2,%-/#:0-#,%(,E(5)/&.(*$#55*(-,(-,-)5(3,501.(9)*(#%3.*-#&)-.6(

0*#%&( Z,/.%S( 20/3.*7( g.( *0$$,/-( -".( $/.3#,0*( 2,11.%-( :+( FGRUO( )%6( ( E..5( ( -")-( -".( ,%5+(

*-)-#*-#2)5()%)5+*#*(-")-(1)4.*(/.)5(*.%*.(#*(-".(#6.%-#E#2)-#,%(,E()($,**#:5.(-/.%67((

(

G".(*-)-#*-#2)5()%)5+*.*(9.($./E,/1.6(-,(6.-./1#%.()($,**#:5.(-/.%6(#%2506.6(-".(2)5205)-#,%(,E(

-".(L0-,2,//.5)-#,%(O0%2-#,%(;LKOA()%6([.%6)55I*(Ö(E,/(-".(-"/..(-#1.(*./#.*(;*..(O#&7(L=MYA7(R0/(

)%)5+*#*(/.&)/6*(-".(5)*-(VW(+.)/*(;$./#,6(=>`?MXWW?A7(

(
O#&0/.(L=MYT((_01:./(,E(R#5(!$#55*($./(d.)/'(=>`WMXWW?((((((;(:)*.6(,%(6)-)(E/,1(FGRUO;XWW>A(A(

(
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N,/*A'#%(%$$/B-#;%"*J'"(#;%"*

G".( L0-,2,//.5)-#,%( O0%2-#,%( ;LKOA( )-( 5)&( 4( E,/( )( &#3.%( -#1.( *./#.*( /.E5.2-*( -".( 5#%.)/(

6.$.%6.%2+(:.-9..%(3)50.*(-")-()/.(*.$)/)-.6(:+(4(-#1.(5)&*7(G".(.*-#1)-.(E,/(-".(LKO()-(5)&(

4(E,/()%(.3.%5+(*$)2.6(*./#.*'(D-'( ;)*(-".(,%.*(9.(")3.("./.A(,E( 5.%&-"(%(2)%(:.(2)5205)-.6(:+(

-".(E,55,9#%&(E,/105)(;*..(l.%4#%*()%6(g)--*'(=>@?(T(

(

(

9"./.( (#*(-".(.*-#1)-.6(1.)%(,E(-".(D-'(*./#.*7(G".(3)50.(,/(/4(2)%(/)%&.(E/,1(M=(-,(h=7(G".(

LKO(2,%*-#-0-.*()(1.-",6(E,/(#%-./$/.-#%&(-/.%6*(#%(6)-)7(Z)&()/.(-".(-#1.($./#,6*(*.$)/)-#%&(

-".(,/6./.6(6)-)(-")-()/.((-,(2)5205)-.(-".()0-,2,//.5)-#,%(2,.EE#2#.%-*7(G".(1)D#101(%01:./(

,E( 5)&*( ;)*( *0&&.*-.6( :+( <,D( )%6( l.%4#%*A( #*( /,0&"5+( _e\( E,/( )( *./#.*( 9#-"( 5.**( -")%( X\W(

,:*./3)-#,%*7( ( O0/-"./1,/.'( G( M( -.*-( *-)-#*-#2( 0*.6( -,( 6.-./1#%.( #E( -".( )0-,2,//.5)-#,%( E,/( )(

$)/-#205)/( 5)&( .f0)5*( S./,( ,/( %,-7( R%.( 2,11,%5+( 0*.6( /05.( #*( -")-( )( -M*-)-#*-#2( &/.)-./( #%(

):*,50-.(3)50.(-")%(X(#%6#2)-.*(-")-(-".(2,//.*$,%6#%&()0-,2,//.5)-#,%(#*(%,-(.f0)5(-,(S./,7(

(

<)*.6(,%(-"#*'(9.(9#55( #%3.*-#&)-.(-".($/.*.%*.(,E()($,**#:5.(-/.%6(#%(-".(%01:./(,E(*$#55*(E,/(

-".( *#S.( 2)-.&,/#.*( ;( `M`WW( -,%%.*'( &/.)-./( -")%(`WW( -,%%.*( )%6( -".#/( 0%#,%'( -")-( #*'( &/.)-./(

-")%(`(-,%%.*A(60/#%&(-".(5)*-(V(6.2)6.*7(

(

O/,1(=>`?(-,(XWW?(-".(%01:./(,E(,:*./3./3)-#,%*()/.(_vV='(-"0*(?(#*(-".(%01:./(,E(5)&*(-")-(

#*( 0*.6( #%(,0/( )%)5+*#*7( O#&0/.(L=M@($/.*.%-*( -".(LKO( E,/( -".( -"/..( *#S.( 2)-.&,/#.*( )-( -".(Y�(

*#&%#E#2)%2.(5.3.57(G".(L0-,2,//.5)-#,%(O0%2-#,%(;LKOA()%6(GM-.*-(E,/(.)2"(5)&()/.($/.*.%-.6(#%(

G):5.(L=MX7(((

(

N-EB/*A7D0M**A'#%(%$$/B-#;%"*J'"(#;%"*8A+J=*-"&*ND#/?#*H-B'/?T*7W5cD0QQc*

( `M`WW(-( ( ( {(`WW(-( ( ( {(`(-( (

Z)&( LKO( G( ( LKO( G( ( LKO( G(

=( W7`WW>?( V7>W( ( W7Y\\V`( V7WV( ( W7@?\>\( V7?=(

X( W7YX>@=( X7W>( ( W7=\?=X( W7@Y( ( W7\`>\=( =7>X(

V( W7\VW?X( =7YW( ( W7WY>=>( W7X@( ( W7V?@??( =7V>(

\( W7V\`?V( =7=V( ( W7=?V=V( W7?W( ( W7V\Y\X( =7=`(

Y( W7=`X>\( W7Y\( ( W7=Y@W=( W7@@( ( W7=??\\( W7@=(

@( W7W`@?=( W7X\( ( W7WY?`W( W7XY( ( W7=W`V@( W7V\(

`( W7=Y>\@( W7\>( ( W7W\?=X( W7XW( ( W7=`=`\( W7YY(

?( W7W>>=V( W7VW( ( W7WXXVW( W7W>( ( W7W>WWV( W7X>(

(

!

+
=

=

! !
= >

!

"

"

! "

# # "
# $

" !
%

#
# $

&' '(&' '(
) * " +

&' '(

!
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( (

(

O#&0/.(L=M@T((L0-,2,//.5)-#,%(O0%2-#,%(;LKOA(

N,/*a-""Dd/"&-BB*#/?#*
F%(.%3#/,%1.%-)5(#1$)2-()%)5+*#*(*2#.%-#*-*(:.5#.3.(-")-(-".(*-)-#*-#2)5(2")/)2-./#*-#2*(,E(1.**+(

6)-)(1)4.( #-( 6#EE#205-( -,( 0*.( 6#*-/#:0-#,%M6.$.%6.%-( -.*-( )%6'( -"0*'( %,%$)/)1.-/#2( -.*-*( )/.(

1)#%5+(0*.67(L(%,%$)/)1.-/#2( -.*-( #*( )(1.-",6(,E( -.*-#%&()("+$,-".*#*'( E,/(.D)1$5.( -".(%055(

"+$,-".*#*'( ^,'( -".(9.(9#55( 0*.( )22,/6#%&( -,(9"#2"( -".( *)1$5.( 6)-)( *.-( 6,.*( %,-( $,**.**( )(

*$.2#E#2($/,$./-+(9"#2"(#%(,0/(2)*.(#*()(-/.%67(G".(%,%$)/)1.-/#2(-.*-(-")-(9#55(:.(0*.6(#*(-".(

Q)%%M[.%6)55( -.*-( -")-(9)*( $/.*.%-.6( #%(Q)%%( ;=>\YA( )%6( #*( )( -.*-( E,/( /)%6,1%.**( )&)#%*-(

-#1.7(G"#*( -.*-( #*()(*$.2#)5()$$5#2)-#,%(,E([.%6)55I*(2,//.5)-#,%(-.*-( ;[.%6)55'(=>`YA()%6( #*()5*,(

4%,9%()*(Q)%%M[.%6)55(,/([.%6)55I*(Ö(-.*-7((

(

Z.--#%&( D#( '#v=( -,( %'( :.( )( *.f0.%2.( ,E( 1.)*0/.1.%-*( ,3./( -#1.'( -".( -.*-( .D)1#%.*( -".( %055(

"+$,-".*#*( ^,( -")-( -".( 6)-)( 2,1.( E/,1( )( $,$05)-#,%( 9"./.( -".( /)%6,1( 3)50.*( )/.(

#%6.$.%6.%-()%6(#6.%-#2)55+(6#*-/#:0-.67(G".()5-./%)-#3.("+$,-".*#*'(^='(#*(-")-(-".(6)-)(E,55,9()(

1,%,-,%#2(-/.%6(,3./(-#1.7G".(Q)%%M[.%6)55(*-)-#*-#2(!(;0%6./(^,A(#*(6.E#%.6()*(E,55,9*(T(

*

!

= = +

= !""
! " !

# $
$ " # $ "

% &'!() ) *
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g"./.(qP()/.(-".(*.f0.%-#)5(3)50.*'(_(-".(5.%&-"(,E(-".(6)-)(*.-()%6(

(

G".( *-)-#*-#2( !( #*( )$$/,D#1)-.55+( %,/1)55+( 6#*-/#:0-.6( 9#-"( -".( 1.)%( )%6( -".( 3)/#)%2.( )*(

E,55,9*T(

(

9"./.(-#((#*(-".(%01:./(,E(-#.*(,E(.D-.%-(#7(

(

G".(Q)%%M[.%6)55(-.*-(;SA()%6(-".(2,//.*$,%6#%&($M3)50.()/.(&#3.%(:+((

(

(

FE(-".($M3)50.(#*(*1)55(.%,0&"'(-".(-/.%6(#*(f0#-.(0%5#4.5+(-,(:.(2)0*.6(:+(/)%6,1(*)1$5#%&7(F%(

-")-( 2)*.'( )( $,*#-#3.( m( 3)50.( #%6#2)-.*( )%( 0$9)/6( -/.%6( )%6( )( %.&)-#3.( )( 6,9%9)/6( ,%.'(

/.*$.2-#3.5+7(

(

G):5.(L=MVT((Q)%%([.%6)5(G.*-(M(m()%6($(3)50.*'(=>`?MXWW?(

`M`WW(-( ( ( {(`WW(-( ( ( {(`(-( (

$( m( ( $( m( ( $( m(

( ( ( ( ( ( ( (

W7WWWW( MY7Y\>\( ( W7WWWXVW( M\7W`YY( ( W7WWWW( MY7\VWW(

(

(

G".( /.*05-*(,E( -".(Q)%%M[.%6)55( -.*-( ;0%6./( -".()5-./%)-#3.("+$,-".*#*A()-()(>Y�(2,%E#6.%2.(

5.3.5(6#*$5)+(%.&)-#3.(m(3)50.*7( F%($5)#%(N%&5*#"( -"#*(1.)%*( -")-( -"./.( #*(.%,0&"(.3#6.%2.( E,/(

-".(.D#*-.%2.(,E()(6,9%9)/6(-/.%6(#%()55(-"/..(2)-.&,/#.*(E,/(-".($./#,6(=>`?MXWW?(;*..(G):5.(

LM=MVA7((O0/-"./1,/.'()55($M3)50.*()/.(25,*.(-,(S./,'(9"#2"(1.)%*(-")-(-".(-/.%6(#*(%,-(2)0*.6(

:+(/)%6,1(*)1$5#%&7(

(

*

1, 0
sgn( ) 0, 0

1, 0

x
x x
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>BB($7&F)>SGQ)))))O$&%&#9)*(.1(++&3$)>$#96+&+)34)A9(#$"B)A3+%)
(

G".(.f0)-#,%(,E(-".(#%#-#)5(E#--.6(1,6.5(0*#%&(5#%.)/(/.&/.**#,%(#*(T((((

( (((((ZRa=W;K5.)%0$K,*-A(v(\7`V`=\(h(W7@=X\=YxZRa=W;JA(

K,.EE#2#.%-*(

( b+(/0&[B9(2+/( [0(%*(2*( W( (

4(2(C+0+2( "/01C(0+( "22$2( [0(01/018( 4R'()9+(

F%-./2.$-( \7`V`=\( W7=\X\V`( VV7XY`>( W7WWWW(

!5,$.( W7@=X\=Y( W7WY`>?X>( =W7Y@X( W7WWWW(

(

L%)5+*#*(,E(J)/#)%2.(

[$928+( [9C&$7&[B9(2+/( ^7( G+(%&[B9(2+( ZRI(01$( 4R'()9+(

Q,6.5( Y=7WX>?( =( Y=7WX>?( ===7Y@( W7WWWW(

8.*#60)5( V`7>@`\( ?V( W7\Y`\V>( ( (

G,-)5(;K,//7A( ??7>>`X( ?\( ( ( (

(

K,//.5)-#,%(K,.EE#2#.%-(v(W7`Y`XXV(

8M*f0)/.6(v(Y`7VV?@($./2.%-(

8M*f0)/.6(;)6P0*-.6(E,/(67E7A(v(Y@7?X\`($./2.%-(

!-)%6)/6(N//,/(,E(N*-7(v(W7@`@V\X(

Q.)%():*,50-.(.//,/(v(W7YX=??Y(

B0/:#%Mg)-*,%(*-)-#*-#2(v(=7Y=X==(;UvW7W=W`A(

Z)&(=(/.*#60)5()0-,2,//.5)-#,%(v(W7X\W=@=(

(

G".(8M!f0)/.6(*-)-#*-#2(#%6#2)-.*(-")-(-".(1,6.5()*(E#--.6(.D$5)#%*(Y`7VV?@�(,E(-".(3)/#):#5#-+(#%(

ZRa=W;K5.)%0$K,*-A7( (G".(2,//.5)-#,%(2,.EE#2#.%-( ;U.)/*,%I*(2,//.5)-#,%(2,.EE#2#.%-($A( (.f0)5*(

W7`Y`XXV'(#%6#2)-#%&()(*-/,%&(/.5)-#,%*"#$(:.-9..%(-".(3)/#):5.*7((<,-"(,E(-".*.(3)50.*(#%6#2)-.(

-")-(-".(1,6.5(E#-(#*(*)-#*E)2-,/+7((

(

O#&0/.(LXM=T((Z#%.)/(8.&/.**#,%(,E(Z,&;!$#55(!#S.A()%6(Z,&(;K5.)%0$(K,*-A(](>Y�(2,%E#6.%2.(

(



 
CAUSES, TRENDS OF OIL SPILLS AND REGRESSION ANALYSIS OF IOPCF COST DATA 

215 

G,(2".24(9".-"./(-".(+M3)50.*(2,1.(E/,1()(%,/1)5(6#*-/#:0-#,%()%()%)5+*#*(,E(-".(/.*#60)5*(")*(

:..%($./E,/1.67(

(

g.( )5*,( $./E,/1.6( )%( )%)5+*#*( ,E( 3)/#)%2.*( ;L_RJLA( 9"#2"( #%6#2)-.6( -")-( -"./.( #*( )(

*-)-#*-#2)55+( *#&%#E#2)%-( /.5)-#,%*"#$(:.-9..%(ZRa=W;K5.)%0$K,*-A( )%6(ZRa=W;JA()-( -".(>Y7W�(

2,%E#6.%2.(5.3.57(

(

O#&0/.(LXMXT((8.*#60)5(U5,-(,E(-".(Z#%.)/(8.&/.**#,%(,E(Z,&;!$#55(!#S.A()%6(Z,&(;K5.)%0$(K,*-A(

G".(*-)%6)/6(6.3#)-#,%(,E(-".(/.*#60)5*(;*-)%6)/6(.//,/(,E(-".(.*-#1)-.A((#*((W7@`@V\X()%6(-".(

)3./)&.(3)50.(;1.)%():*,50-.(.//,/'(QLNA(#*(W7YX=??Y7((G".(B0/:#%Mg)-*,%(;BgA(*-)-#*-#2(-.*-*(

-".( /.*#60)5*( -,(6.-./1#%.( #E( -"./.( #*()%+(*#&%#E#2)%-(2,//.5)-#,%(:)*.6(,%( -".(,/6./( #%(9"#2"(

-".+( ,220/( #%( +,0/( 6)-)( E#5.7( ( !#%2.( -".( UM3)50.( #*( 5.**( -")%( W7WY'( -"./.( #*( )%( #%6#2)-#,%( ,E(

$,**#:5.(*./#)5(2,//.5)-#,%()-(-".(>Y7W�(2,%E#6.%2.(5.3.57(((

(

O0/-"./1,/.'( -"./.( #*( )( *-/,%&( #%6#2)-#,%( -")-( -"./.( #*( )%( ,0-5#./( #%( -".( 6)-)( ( *#%2.( -".(

*-06.%#S.6(/.*#60)5(#*(&/.)-./(-")%(V7(G"#*(/.E./*(-,(-".(B)#9)(Q)/0(_,(=?((*$#55(,E(P0*-(=(-,%%.(

-")-(")$$.%.6( #%(=>>`( #%([)9)*)4#'( l)$)%( (60.( -,(1#*")%65#%&(,E(,#5( *0$$5+7( G"#*( *$#55( ")6()(

25.)%0$( 2,*-( ,E( ):,0-( \=@(1#55#,%( d.%*( ,/( ):,0-( \7@(1#55#,%( XWW?(b!( u7( G"#*( #*( )5*,( -".( $./(

-,%%.(25.)%(0$(2,*-7(G"#*(3)50.(#*(#%6..6()%(,0-5#./7((

(

N-EB/*A0D7M**X"'?'-B*>/?;&'-B*%<*#,/*[;"/-$*J;#*
( ( ( 42+*180+*( ( [09*+%01,+*(

I$E( q( j( j( I+/1*9()( I+/1*9()(

\W( \7>X\X?( @7=XVW=( `7`YX?\( M=7@X>?V( MX7Y?(

\=( X7@>?>`( Y7WYV=@( @7V>WWV( M=7VV@?`( MX7WV(

@V( W7W( @7@@V``( \7`V`=\( =7>X@@V( V7W@(

@?( X7\\`=@( \7?=`=X( @7XVY?X( M=7\=?`( MX7=@(

`W( X7\=?V( \7V?X\?( @7X=?=\( M=7?VY@`( MX7?Y(



 
CAUSES, TRENDS OF OIL SPILLS AND REGRESSION ANALYSIS OF IOPCF COST DATA 

216 

(

(

O#&0/.(LXMVT((F%#-#)5(Z#%.)/(8.&/.**#,%(,E(Z,&;!$#55(!#S.A()%6(Z,&(;K5.)%0$(K,*-A*

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(



 
CAUSES, TRENDS OF OIL SPILLS AND REGRESSION ANALYSIS OF IOPCF COST DATA 

217 

>BB($7&F)>SGS))))))O$&%&#9)*(.1(++&3$)>$#96+&+)34)@3%#9)A3+%)
(

G".(.f0)-#,%(,E(-".(#%#-#)5(E#--.6(1,6.5(0*#%&(5#%.)/(/.&/.**#,%(#*(T((((

( 5,&=W;G,-)5(K,*-A(v(\7?\`XX(h(W7@YXWW@x5,&=W;JA(

(

K,.EE#2#.%-*(

( b+(/0&[B9(2+/( [0(%*(2*( W( ( G?Y?^?(

4(2(C+0+2( "/01C(0+( "22$2( [0(01/018( 4R'()9+( "/01C(0+(

F%-./2.$-( \7?\`XX( W7=\\@=@( VV7Y=`?( W7WWWW( \7?XXWX(

!5,$.( W7@YXWW@( W7WY``W\X( ==7X>>=( W7WWWW( W7@>YV>`(

(

L%)5+*#*(,E(J)/#)%2.(

[$928+( [9C&$7&[B9(2+/( ^7( G+(%&[B9(2+( ZRI(01$( 4R'()9+(

Q,6.5( @>7@==>( =( @>7@==>( =X`7@`( W7WWWW(

8.*#60)5( \?7YX`V( ?>( W7Y\YXY( ( (

G,-)5(;K,//7A( ==?7=V>( >W( ( ( (

(

K,//.5)-#,%(K,.EE#2#.%-(v(W7`@`@=`(

8M*f0)/.6(v(Y?7>XV@($./2.%-(

8M*f0)/.6(;)6P0*-.6(E,/(67E7A(v(Y?7\@X=($./2.%-(

!-)%6)/6(N//,/(,E(N*-7(v(W7`V?\=(

Q.)%():*,50-.(.//,/(v(W7YVYV`Y(

B0/:#%Mg)-*,%(*-)-#*-#2(v(=7`VVWV(;UvW7=WW?A(

Z)&(=(/.*#60)5()0-,2,//.5)-#,%(v(W7=W\@W>(

Q.)%():*,50-.(6.3#)-#,%(v(W7YV=@\V(

(

(

O#&0/.(LXM\T(((Z#%.)/(8.&/.**#,%(,E(Z,&;!$#55(!#S.A()%6(Z,&(;K5.)%0$(K,*-A(](>Y�(2,%E#6.%2.(

(



 
CAUSES, TRENDS OF OIL SPILLS AND REGRESSION ANALYSIS OF IOPCF COST DATA 

218 

G".(8M!f0)/.6(*-)-#*-#2(#%6#2)-.*(-")-(-".(1,6.5()*(E#--.6(.D$5)#%*(Y?7>XV@�(,E(-".(3)/#):#5#-+(#%(

ZRa=W;G,-)5K,*-A7( ( G".( 2,//.5)-#,%( 2,.EE#2#.%-( ;U.)/*,%I*( 2,//.5)-#,%( 2,.EE#2#.%-($A( ( .f0)5*(W7(

W7`@`@=`'(#%6#2)-#%&()(*-/,%&(/.5)-#,%*"#$(:.-9..%(-".(3)/#):5.*7((<,-"(,E(-".*.(3)50.*(#%6#2)-.(

-")-(-".(1,6.5(E#-(#*(*)-#*E)2-,/+7((

(

G,(:.(1)-".1)-#2)5(2,%*#*-.%-(,%.(*",056(2".24()55()**01$-#,%*(,E(5#%.)/(/.&/.**#,%7(

G".(-9,(%.2.**)/+(2,%6#-#,%*(-")-(10*-(:.(1.-(#%()(5#%.)/(1,6.5(;dv)qh:A((#*(-")(-".(dI*((

*",056(")3.()(%,/1)5(6#*-/#:0-#,%(E,/()2"(3)50.(,E(D7(

10*-( ")3.( )( 2,%*-)%-( )1,0%-( ,E( *$/.)6( ;*-)%6)/6( 6.3#)-#,%A( E,/( .)2"( 3)50.( ,E( D7(

;",1,*2.6)*-#2#-+(2,%6#-#,%A(

(

G,(2".24(9".-"./(-".(+M3)50.*(2,1.(E/,1()(%,/1)5(6#*-/#:0-#,%()%()%)5+*#*(,E(-".(/.*#60)5*(")*(

:..%($./E,/1.67(

(

g.( )5*,( $./E,/1.6( )%( )%)5+*#*( ,E( 3)/#)%2.*( ;L_RJLA( 9"#2"( #%6#2)-.6( -")-( -"./.( #*( )(

*-)-#*-#2)55+( *#&%#E#2)%-( /.5)-#,%*"#$(:.-9..%(ZRa=W;K5.)%0$K,*-A( )%6(ZRa=W;JA()-( -".(>Y7W�(

2,%E#6.%2.(5.3.57(

(

O#&0/.(LXMYT((8.*#60)5(U5,-(,E(-".(Z#%.)/(8.&/.**#,%(,E(Z,&;!$#55(!#S.A()%6(Z,&(;K5.)%0$(K,*-A(

(

G".(1.)%():*,50-.(.//,/(;QLNA(,E(W7YVYV`Y(#*(-".()3./)&.(3)50.(,E(-".(/.*#60)5*7((G".(B0/:#%M

g)-*,%( ;BgA( *-)-#*-#2( -.*-*( -".( /.*#60)5*( -,( 6.-./1#%.( #E( -"./.( #*( )%+( *#&%#E#2)%-( 2,//.5)-#,%(

:)*.6(,%(-".(,/6./(#%(9"#2"(-".+(,220/(#%(+,0/(6)-)(E#5.7((!#%2.(-".(UM3)50.(#*(&/.)-./(-")%(W7WY'(

-"./.(#*(%,(#%6#2)-#,%(,E(*./#)5()0-,2,//.5)-#,%(#%(-".(/.*#60)5*()-(-".(>Y7W�(2,%E#6.%2.(5.3.57(((

(

(



 
CAUSES, TRENDS OF OIL SPILLS AND REGRESSION ANALYSIS OF IOPCF COST DATA 

219 

O0/-"./1,/.'( -"./.( #*( )( *-/,%&( #%6#2)-#,%( -")-( -"./.( #*( )/.( ,0-5#./( #%( -".( 6)-)( ( *#%2.( -".(

*-06.%#S.6(/.*#60)5(#*(&/.)-./(-")%(V7((

(

G):5.(LXMXT((b%0*0)5(8.*#60)5(,E(-".(Z#%.)/(O#-*
( ( ( 42+*180+*( ( [09*+%01,+*( I+/1/0(%0&G$*+)(

I$E( q( j( j( I+/1*9()( I+/1*9()( I+/1*9()(

?( \7XW\=X( @7W\\?>( `7Y??VV( M=7Y\V\\( MX7=`( M=7`WW@@(

=X( =7Y=?Y=( V7`X>XX( Y7?V`V( MX7=W?W?( MV7WW( MX7=\?``(

@Y( W7YWY=Y( `7`>>>\( Y7=`@Y?( X7@XVV@( V7?`( X7@X@@Y(

`W( W7W( @7@@\@`( \7?\`XX( =7?=`\Y( X7Y>( =7?\X@Y(

`\( X7\\`=@( \7?=`=X( @7\\X`?( M=7@XY@`( MX7X`( M=7`W@@\(

>=( V7XW\=X( ?7YXX\?( @7>V@VV( =7Y?@=Y( X7X=( =7\`XVV(

(

(

(

(

(

(

O#&0/.(LXM@T((F%#-#)5(Z#%.)/(8.&/.**#,%(,E(Z,&;!$#55(!#S.A()%6(Z,&(;G,-)5(K,*-A*

 
 
 



 
DRAFT AMENDMENT TO FSA GUIDELINES – ENVIRONMENTAL RISK EVALUATION CRITERIA 

220 

B  
DRAFT AMENDMENT TO FSA GUIDELINES – 
ENVIRONMENTAL RISK EVALUATION CRITERIA 

(

G".()0-",/(,E(-"#*(6#**./-)-#,%(")*(:..%(#%3,53.6(#%(3)/#,0*(FQR(*0:1#**#,%*(,%(-".(#**0.(,E(

O,/1)5(!)E.-+(L**.**1.%-'(*..(5#*-(:.5,97((

(

[;?#*%<*?'EF;??;%"?*#%*#,/*!aC**
Marine Safety Committee (MSC) 
1. "Application of the FSA Guidelines and review of FSA studies ", MSC 86/17/2  
2. "FORMAL SAFETY ASSESSMENT: Possible Improvements on FSA Guidelines", MSC 82/INF.3, (Nov. 29-Dec. 8, 2006) 
 
 
Marine Environment Protection Committee (MEPC) 
3. "Formal Safety Assessment - Environmental Risk Evaluation Criteria", MEPC 56/18/1, (May, 2007)  
4. "An Empirical Analysis of IOPCF Oil Spill Cost Data" (Abridged Ver.), MEPC 60/17 - Annex 2 (July, 2009) 
5. "Further experience with non-linear oil spill cost functions" , MEPC 61/18/2 (July, 2010) 
6. "Combining environmental and safety criteria and selection of a severity matrix", MEPC62/18  
7. "Further experience with oil spill databases and update of non-linear oil spill cost functions", MEPC62/18/1 (July 2011) 
 
 
 
 
 
!$.2#E#2)55+'(".(")*(:..%(#%3,53.6(#%(/)#*#%&(-".(#**0.(,E(.%3#/,%1.%-)5(/#*4(.3)50)-#,%(2/#-./#)(

;QNUK(Y@e=?e=A()%6(#%(-".(9,/4#%&(&/,0$(-")-(6/)E-.6(-".()1.%61.%-(-,(O!L(a0#6.5#%.*(

;QNUK(@XegU7=VA(9"#2"(#*()--)2".6(:.5,97 





!
"#$%&'($)*$+'$,-./01!

! E

!
!
%23"4&!&45"364%&47!'367&(7"64!
(6%%"77&&!
)*8/!9:99;08!!
2<:8/=!;>:?!,@!

%&'(!)*A+'.,-
,-!BCDE!*F,,

!6G;<;8=D#!!&4HI"JK

!

!"#$%&"'()
29!=>!;>9!/=>:!0L!;99C:M!>N;9!/01C?:8>M!;8!ON0D:!0G!;8!P=G>M!;9!9CQR:1>!>0!1089;/:G=>;08!QE!>N:!"%6!0G<=8!
!>0!ON;1N!;>!N=9!Q::8!9CQ?;>>:/.!!2110G/;8<DEM!;>9!108>:8>9!=G:!9CQR:1>!>0!=PPG0S=D!=8/!=?:8/?:8>!

!0L!=!9CQ9>=8>;S:!=8/!/G=L>;8<!8=>CG:M!ON;1N!?=E!Q:!=<G::/!=L>:G!>N=>!/=>:.!

!
!

*+)'&%,#&*(-.,&##(##'(/-,
,

)01234,25,460,72389:;,<32=1,2:,(:>932:?0:4@A,)9B8,(>@A=@492:,$394039@,C9469:,460,
D2:40E4,25,*23?@A,#@504F,&BB0BB?0:4,

,
,
":432G=D492:,
!
,! 7N:!+0GT;8<!HG0CP!08!&8S;G08?:8>=D!3;9T!&S=DC=>;08!(G;>:G;=!O;>N;8!>N:!108>:U>!0L!
V0G?=D! J=L:>E! 299:99?:8>! ?:>! LG0?! ,,! >0! ,-! BCDE! *F,,M! C8/:G! >N:! (N=;G?=89N;P! 0L!
'G0L:990G!K=G;D=09!4.!'9=G=L>;9!WHG::1:X.!
!
*! 7N:!HG0CP!O=9!=>>:8/:/!QE!/:D:<=>;089!LG0?#!
!

247"HY2!24Z![23[YZ2!
[32\"I!
(K"42!
Z&4%23]!
H&3%24^!
H3&&(&!
B2'24!

%23JK2II!"JI24ZJ!
463+2^!
3&'Y[I"(!6V!]63&2!
3YJJ"24!V&Z&327"64!
J'2"4!
Y4"7&Z!]"4HZ6%!
Y4"7&Z!J727&J!

!
=8!0Q9:GS:G!LG0?!>N:!L0DD0O;8<!;8>:G<0S:G8?:8>=D!0G<=8;_=>;08#!
!

"47&3427"642I!6"I!'6IIY7"64!(6%'&4J27"64!VY4ZJ!W"6'(VX!
!
=8/!QE!0Q9:GS:G9!LG0?!>N:!L0DD0O;8<!808`<0S:G8?:8>=D!0G<=8;_=>;089!;8!1089CD>=>;S:!9>=>C9#!
!

"47&3427"642I!2JJ6("27"64!6V!(I2JJ"V"(27"64!J6("&7"&J!W"2(JX!
6"I!(6%'24"&J!"47&3427"642I!%23"4&!V63Y%!W6("%VX!
"47&3427"642I!2JJ6("27"64!6V!"4Z&'&4Z&47!724]&3!6+4&3J!
!!!W"47&3724]6X!
(3Y"J&!I"4&J!"47&3427"642I!2JJ6("27"64!W(I"2X!
7K&!36^2I!"4J7"7Y7"64!6V!4252I!23(K"7&(7J!W3"42X!
"47&3V&33^!

!



%&'(!)*A+'.,-!
'=<:!*!
!

!
"#$%&'($)*$+'$,-./01!

-03?B,25,)05030:D0,
!
-! Y9;8<! /01C?:8>9! %&'(!)*A,@M! %&'(!)*A,@A,M! %&'(!)*A,@A*M! %&'(!)*A,@A-M!
%&'(!)*A,@Aa! =8/! %&'(!)*A"4V.*a! =9! =! Q=9;9M! =8/! =8E! 0>N:G! G:D:S=8>! ;8L0G?=>;08M! >N:!
+0GT;8<!HG0CP!O=9!;89>GC1>:/!>0#!
!

.,! L;8=D;_:M! ;8! J>:P! a! 0L! >N:! VJ2M! =8! =PPG0PG;=>:! S0DC?:`/:P:8/:8>! (27J!
<D0Q=D!>NG:9N0D/!91=D:!0G!LC81>;08!L0G!=91:G>=;8;8<!;L!=!9P:1;L;1!3;9T!(08>G0D!
6P>;08! W3(6X! ;9! 109>`:LL:1>;S:M! ;81DC/;8<! ;>9! ;8>:<G=>;08! O;>N;8! >N:! VJ2!
?:>N0/0D0<Eb!

!
.*! G:10??:8/!=!O=E!0L!10?Q;8;8<!:8S;G08?:8>=D!=8/!9=L:>E!1G;>:G;=!L0G!! >N09:!

3(69!>N=>!=LL:1>!Q0>N!:8S;G08?:8>=D!=8/!L=>=D;>E!G;9Tb!
!
.-! 1081DC/:!08!=8!=PPG0PG;=>:!G;9T!?=>G;U!0G!;8/:U!L0G!:8S;G08?:8>=D!1G;>:G;=b!
!
.a! G:10??:8/!=8!=PPG0PG;=>:!2I23'! G:<;08!=8/!V`4!/;=<G=?M! ;81DC/;8<!=8!

=PPG0PG;=>:!S=DC:!L0G!>N:!9D0P:!0L!>N:!V`4!1CGS:b!=8/!
!
.c! 9CQ?;>!=!OG;>>:8!G:P0G>!>0!PD:8=GE!08!7NCG9/=EM!,a!BCDE!*F,,.!

!
a! Z01C?:8>9! %&'(!)*A,@A,M! %&'(!)*A,@A*M! %&'(!)*A,@A-M! %&'(!)*A,@Aa! =8/!
%&'(!)*A"4V.*a!O:G:!L;G9>!;8>G0/C1:/!QE!>N:!0G;<;8=>0G9!=8/!10??:8>:/!CP08!QE!>N:!HG0CP.!!
Z01C?:8>! %&'(!)*A,@! O=9! ;8>G0/C1:/! =8/! /;91C99:/! D=>:GM! ;8! >N:! 108>:U>! 0L! 7:G?9! 0L!
3:L:G:81:!-!=8/!a.!
!
*9:@A9H0I, 9:, #401, J, 25, 460, *#&I, @:, @1132139@40, >2A=?0KG010:G0:4, $&-#, ;A2L@A,
4630B62AG,BD@A0,23,5=:D492:,523,@BD034@9:9:;,95,@,B10D959D,)9B8,$2:432A,+1492:,M)$+N,9B,
D2B4K0550D49>0I,9:DA=G9:;,94B,9:40;3@492:,C9469:,460,*#&,?0462G2A2;F,
!
c! 29!=<G::/!;8!PG:S;0C9!?::>;8<9M!>N:!109>9!=9901;=>:/!O;>N!=8!0;D!9P;DD!=G:!80>!/;G:1>DE!
PG0P0G>;08=D! >0! >N:! S0DC?:! 9P;DD:/! W;.:.! >N:! 109>! P:G! C8;>! S0DC?:! 9P;DD:/! ;9! 80>! 1089>=8>X.!!
7N:G:L0G:M!>N:!HG0CP!1081DC/:/!>N=>! ;8!<:8:G=DM! ;>! ;9!80>!P099;QD:!>0!/:L;8:!=PPG0PG;=>:!109>!
:LL:1>;S:8:99! 1G;>:G;=! Q=9:/! 08! (27J! W(09>! >0! 2S:G>! =! 7088:! 0L! 6;D! JP;DD:/X.! ! 7N:!HG0CP!
1081DC/:/! >N=>! >N:!=PPG0=1N! >0!Q:! L0DD0O:/! >0!=91:G>=;8! ;L! =! 9P:1;L;1!3(6! ;9! 109>`:LL:1>;S:!
9N0CD/!Q:!PG;?=G;DE!Q=9:/!08!=!109>`Q:8:L;>!=PPG0=1NM!;.:.!08!ON:>N:G!>N:!109>9!>0!;?PD:?:8>!
>N:!3(6!=G:!D:99!>N=8!>N:!G;9T!G:/C1>;08!;8>G0/C1:/M!L0DD0O:/!QE!=8!=PPG0PG;=>:!=8=DE9;9!0L!
;>9!109>`:LL:1>;S:8:99.!!70!:S=DC=>:!>N;9!G;9T!G:/C1>;08M!;>!;9!8:1:99=GE!>0!108S:G>!S0DC?:!0L!0;D!
9P;DD:/!;8>0!109>9!=9901;=>:/!O;>N!;>.!!J:S:G=D!PG0P09=D9!0L!=!S0DC?:`/:P:8/:8>!LC81>;08!N=S:!
Q::8!9CQ?;>>:/!>0!%&'(!0S:G!>N:!P=9>!E:=G9M!O;>N!80!=<G::?:8>!08!=8E!9P:1;L;1!08:.!
!
)! 40>;8<! >N=>! >N:! ?09>! =PPG0PG;=>:! 108S:G9;08! L0G?CD=! >0! C9:! O;DD! /:P:8/! 08! >N:!
9P:1;L;1! 910P:! 0L! :=1N! VJ2! >0! Q:! P:GL0G?:/M! >N:! HG0CP! /:1;/:/! >0! 0C>D;8:! =! <:8:G=D!
=PPG0=1N!>0!Q:!L0DD0O:/M!G=>N:G!>N=8!PG:91G;Q:!=!C8;dC:!108S:G9;08!L0G?CD=!>0!C9:.!
!
e! +;>N! >N;9!0QR:1>;S:! ;8!?;8/M! >N:!HG0CP!80>:/! >N=>! >N:!Q=9;9!0L! >N;9!O0GT!:99:8>;=DDE!
1089;9>9!0L#,
!

.,! >N:!10890D;/=>:/!0;D!9P;DD!/=>=Q=9:b!

.*! >N:!G:<G:99;08!=8=DE9:9b!

.-! >N:!G:D:S=8>!%&'(!)*!9CQ?;99;089b!=8/!

.a! >N:!VJ2!HC;/:D;8:9.!
!
@! 2L>:G! 90?:! /;91C99;08M! >N:! HG0CP! =<G::/! 08! >N:! =PPG0=1N! 0C>D;8:/! ;8! >N:!
9CQ9:dC:8>!P=G=<G=PN9.!



%&'(!)*A+'.,-!
'=<:!-!

!

!
"#$%&'($)*$+'$,-./01!

f! 7N:!10890D;/=>:/!0;D!9P;DD!/=>=Q=9:!;9!/:91G;Q:/!;8!/01C?:8>!%&'(!)*A"4V.*a!=8/!
;9!Q=9:/!08#!
!

.,! "6'(V!/=>=b!

.*! YJ!Z=>=b!=8/!

.-! 40GO:<;=8!/=>=.!
!
,F! 7N:!HG0CP!=<G::/! >N=>! >N:! 10890D;/=>:/!0;D! 9P;DD! /=>=Q=9:! 9N0CD/!Q:! ;8! >N:!PCQD;1!
/0?=;8!=8/!?=;8>=;8:/!=>!=!O:Q9;>:!W"%6!0G!0>N:GX.!
!
,,! 7N:!HG0CP!=1T80OD:/<:/!>N=>!>N:!10890D;/=>:/!0;D!9P;DD!/=>=Q=9:!O=9!PG0Q=QDE!>N:!
Q:9>!/=>=Q=9:!=S=;D=QD:!O;>N;8!>N:!>;?:!D;?;>9!=8/!G:90CG1:9!=S=;D=QD:!>0!>N:!L0CG!/:D:<=>;089!
>N=>!O0GT:/!08!;>!WH:G?=8EM!HG::1:M!B=P=8!=8/!>N:!Y8;>:/!J>=>:9X.!!K0O:S:GM!;>9!D;?;>=>;089!
=8/! P099;QD:! /:L;1;:81;:9! 9N0CD/! Q:! =1T80OD:/<:/.! ! 7N:9:! =G:! /:91G;Q:/! ;8! /01C?:8>!
%&'(!)*A"4V.*a!=8/!?=E!=D90!;8S0DS:!;810?PD:>:!0G!?;99;8<!/=>=!08!109>9!0G!0>N:G!;8L0G?=>;08.!
!
,*! Z:P:8/;8<!08!>N:!9CQ9:>!0L!>N:!10890D;/=>:/!0;D!9P;DD!/=>=Q=9:!C8/:G!1089;/:G=>;08M!
>N:! HG0CP! =<G::/! >N=>! >N:! L0DD0O;8<! S0DC?:`Q=9:/! >0>=D! 9P;DD! 109>! LC81>;089! 10CD/! Q:!
=PPG0PG;=>:!>0!Q:!C9:/!;8!:8S;G08?:8>=D!VJ2!9>C/;:9#!
!

!@4@B04, -24@A,#19AA,$2B4,,
MOPPQ,R#,G2AA@3BN,

)05030:D0,

2DD!9P;DD9!!! )eM*ec!5!F.c@f-! %&'(!)*A"4V.*a!
5gF.,!>088:9! a*M-F,!5!F.e*--! %&'(!)*A,@,!

!
! +N:G:!5!;9!9P;DD!9;_:!;8!>088:9.!
!
,-! 7N:! HG0CP! =<G::/! >N=>! >N:! 0;D! 9P;DD! /=>=Q=9:! C9:/! ;8! =8! :8S;G08?:8>=D! VJ2! ;9!
9CQR:1>! >0!CP/=>;8<!=9!8:O!9P;DD! 109>!/=>=!Q:10?:!=S=;D=QD:M! LG0?!Q0>N! >N:!=Q0S:!90CG1:9!
=8/!:D9:ON:G:M!=8/!>N=>!VJ2!=8=DE9>9!=G:!LG::!>0!P:GL0G?!8:O!G:<G:99;08!=8=DE9:9M!=9!D08<!
=9!>N:9:!=G:!O:DD!/01C?:8>:/.!
!
,a! "8! >N:! /;91C99;08! 08! =8! =PPG0PG;=>:! h=99CG=81:! L=1>0GhM! G:LD:1>;8<! 901;:>Ei9!
O;DD;8<8:99! >0! P=E! >0! =S:G>! =8! 0;D! 9P;DD! ;89>:=/! 0L! O=;>;8<! L0G! >N:! =11;/:8>! =8/! ;81CGG;8<! ;>9!
/=?=<:9M!90?:!/:D:<=>;089!9C<<:9>:/!>N=>!;>9!S=DC:!9N0CD/!80>!Q:!>N:!9CQR:1>!0L!=8!VJ2!QC>!
9N0CD/!Q:! D:L>!0P:8! L0G!P0D;1E!?=T:G9! >0!/:1;/:.! !6>N:G!/:D:<=>;089!PG0P09:/! >N=>! ;>9!S=DC:!
9N0CD/!Q:! >N:!9CQR:1>!0L!=8!VJ2M!=8/! >N:!:U=?PD:!0L!=!S=DC:!0L!,.c! L0G!PG0R:1>!J2V&Z63!
O=9! 9C<<:9>:/! =9! =8! :U=?PD:.! ! 7N:! HG0CP! =<G::/! >N=>! =8E! =99CG=81:! L=1>0G! ;8! =8!
:8S;G08?:8>=D!VJ2!9N0CD/!=D90!Q:!O:DD!/01C?:8>:/.!
!
,c! "8! >N:! /;91C99;08! 08! =8! =PPG0PG;=>:! hC81:G>=;8>E! L=1>0GhM! G:LD:1>;8<! P099;QD:!
C81:G>=;8>;:9! ;8! >N:!9P;DD! 109>!0G!0>N:G!/=>=M! >N:!HG0CP!=<G::/! >N=>! ;81DC/;8<!=8!C81:G>=;8>E!
L=1>0G!9N0CD/!Q:!P=G>!0L!=8!:8S;G08?:8>=D!VJ2!=8/!9N0CD/!=D90!Q:!O:DD!/01C?:8>:/.!
!
,)! 2PPG0PG;=>:! S=DC:9! L0G! >N:! =99CG=81:! L=1>0G! =8/! >N:! C81:G>=;8>E! L=1>0G! 9N0CD/! Q:!
/:G;S:/!L0G!C9:!;8!>N:!VJ2.!
!
,e! +;>N!G:9P:1>!>0!>N:!;81DC9;08!0L!>N:!C81:G>=;8>E!L=1>0GM!08:!/:D:<=>;08!/;/!80>!9N=G:!
>N;9!S;:OM!=G<C;8<!>N=>!;L!=8E!C81:G>=;8>E!;8!>N:!:9>;?=>;08!0L!>N:!G:=D!109>!0L!=8!0;D!9P;DD!1=8!Q:!
10?PC>:/M! >N;9! 1=8! Q:! G:LD:1>:/! ;8! =8! CP/=>:! 0L! >N:! G:D:S=8>! 109>! ;8L0G?=>;08! O;>N0C>! >N:!
8::/!0L!9C1N!=! L=1>0G.! !7N;9!/:D:<=>;08!=D90!=G<C:/! >N=>! >N:!9P;DD! 109>9!0L! >N:!10890D;/=>:/!
/=>=Q=9:! =1>C=DDE! 0S:G:9>;?=>:! G:=D! 109>9! /C:! >0! >N:! L=1>! >N=>M! LG0?! =8! =110C8>;8<!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
,! YP/=>:/!G:<G:99;08!?=/:!08!>N:!L;8=D!10890D;/=>:/!/=>=9:>.!



%&'(!)*A+'.,-!
'=<:!a!
!

!
"#$%&'($)*$+'$,-./01!

P:G9P:1>;S:M! >N:E! =G:! =110C8>:/! L0G! =>! >N:! E:=G! 0L! >N:! =11;/:8>! =8/! 80>! =>! >N:! E:=G! 0L!
P=E?:8>M!ON;1N!?=E!Q:!=9!?=8E!=9!,c`*F!E:=G9!D=>:G.!!7N;9!D:=/9!>0!=8!0S:G:9>;?=>;08!;8!>N:!
4'5!0L!>N:!9P;DD!109>M!?=T;8<!>N:!8::/!L0G!=8!C81:G>=;8>E!L=1>0G!C88:1:99=GE!=8/!G:8/:G;8<!
>N:!=8=DE9;9!1089:GS=>;S:.!
!
,@! J0?:! /:D:<=>;089! ;8/;1=>:/! >N=>! >N:! >N;G/! 10DC?8! ;8! L;<CG:! ,! 0L! /01C?:8>!
%&'(!)*A,@A-M! G:LD:1>;8<! 1D=;?:/! 109>9M! ;9! 80>! 8:1:99=G;DE! D0O:G! >N=8! >N:! L;G9>! 10DC?8!!
WG:=D! >0>=D!109>9XM!=9! >N:! L;<CG:!9C<<:9>9.! !7N=>! >N;9!?=E!Q:! >N:!1=9:!O=9!108L;G?:/!QE! >N:!
"6'(V!G:PG:9:8>=>;S:M!=110G/;8<!>0!ON0?!1D=;?9!1=8!Q:!S:GE!N;<N!=>!>;?:9!QC>!G:=D!109>9!L0G!
>N:!"6'(V!G:PG:9:8>!9:>>D:/!109>9.!
!
,f! 7N:!HG0CP!80>:/! >N=>!Q:1=C9:!0L! >N:!=Q0S:!P099;Q;D;>EM! >N:!C81:G>=;8>E! L=1>0G!?=E!
Q:!D:99!>N=8!08:!;8!90?:!1=9:9M!>0!>N:!:U>:8>!>N=>!>N;9!1=8!Q:!9N0O8.!
!
*F! 7N:!HG0CP!/;91C99:/! >N:!P099;Q;D;>E!0L!1081:;S=QDE!O0GT;8<!O;>N!=! G:<G:99;08! D;8:M!
80>!=>!cFjM!QC>!=>!=!/;LL:G:8>!P:G1:8>;D:.!
!
*,! 29!G:<=G/9!>N:!=PPD;1=>;08!0L!=!808`D;8:=G!109>!LC81>;08!O;>N;8!VJ2M!>N:!HG0CP!80>:/!
>N:!G:D:S=8>!O0GT!0L!W=?08<!0>N:G9X!^=?=/=!W*FFfX*M!]08>0S=9!et al.!W*F,FX-M!K=?=88!=8/!
I0:G! W*F,FXa! =8/! ^=?=/=! =8/! ]=8:T0! W*F,FXcM! /01C?:8>9! %&'(!cfA,eA,! WB=P=8X! =8/!
%&'(!)*A,@A*.!!7N:!HG0CP!=<G::/!>N=>!>N:!C9:G!9N0CD/!Q:!LG::!>0!/:S:D0P!8:O!=PPG0=1N:9!
>=T;8<!;8>0!=110C8>!>N:!0QR:1>;S:9!0L!>N:!VJ2M!PG0S;/:/!>N:9:!=G:!O:DD!/01C?:8>:/.!
!
**! 7N:!HG0CP!=D90!=<G::/! >N=>!:=1N!:8S;G08?:8>=D!VJ2!?C9>!=//G:99!=DD! =9P:1>9!0L!
>N:!109>!:S=DC=>;08.!
!
)0D2??0:G, @, C@F, 25, D2?L9:9:;, 0:>932:?0:4@A, @:G, B@504F, D394039@, 523, 462B0, )$+B,
46@4,@550D4,L246,0:>932:?0:4@A,@:G,5@4@A94F,39B8,
!
*-! HG::1:!;8>G0/C1:/!/01C?:8>!%&'(!)*A,@M!PG0P09;8<!=8!=PPG0=1N!L0G!=8!3(6!>N=>!
=LL:1>9!Q0>N!:8S;G08?:8>=D!=8/!L=>=D;>E!G;9T.!
!
*a! 2L>:G!/;91C99;08M!>N:!HG0CP!=<G::/!>0!C9:!>N:!=PPG0=1N!0C>D;8:/!;8!9:1>;08!a.*!0L!>N:!
=88:U!>0!>N;9!/01C?:8>!W9::!P=G=<G=PN!--!Q:D0OX.!
!
*c! 7N:!HG0CP!=D90!:?PN=9;_:/!>N=>!=DD!109>!=8/!Q:8:L;>!10?P08:8>9!0L!>N:!109>`Q:8:L;>!
0G!109>`:LL:1>;S:8:99!;8:dC=D;>E!9N0CD/!Q:!9N0O8!;8!=8!VJ2!9>C/E!L0G!Q:>>:G!>G=89P=G:81E.!
!
$2:DA=B92:,2:,@:,@1132139@40,39B8,?@439E,23,9:G0E,523,0:>932:?0:4@A,D394039@,
!
*)! ZCG;8<!%&'(!)FM! >N:!+0GT;8<!HG0CP!N=/!PG0P09:/! >N:!VG:dC:81E!%=>G;U!=DG:=/E!
:9>=QD;9N:/!L0G!VJ2!?:>N0/0D0<E!W%J(!@-A"4V.*X!L0G!1089;/:G=>;08!QE!>N:!(0??;>>::.!!7N:!
%&'(!)F!HG0CP!N=/!LCG>N:G!=<G::/!>N=>! >N:!9:S:G;>E! ;8/:U!8::/9!>0!Q:!1089;9>:8>!O;>N! >N:!
(27J!LC81>;08M!QC>!C8>;D!9C1N!>;?:!>N=>!>N:!(27J!LC81>;08!;9!G:90DS:/M!>N:!:U=1>!/:>=;D!0L!>N:!
9:S:G;>E!;8/:U!1=880>!Q:!L;8=D;_:/.!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
*! ^=?=/=M! ^.M! *FFf.! ! 7N:! (09>! 0L! 6;D! JP;DD9! LG0?! 7=8T:G9! ;8! 3:D=>;08! >0! +:;<N>! 0L! JP;DD:/! 6;DM! %=G;8:!

7:1N80D0<EM!a)WaX.!PP.!*,f`**@.!
-! ]08>0S=9M!(.2.M!'9=G=L>;9M!K.4.!M!5:8>;T09!4.!h28!&?P;G;1=D!28=DE9;9!0L!"6'(V!6;D!JP;DD!(09>!!Z=>=hM!%=G;8:!

'0DDC>;08![CDD:>;8M!)FWfXM!PP.!,acc`,a)).!
a! K=?=88M!3.! =8/! I0:GM! ].M! *F,F.! ! 3;9T`Q=9:/!6P>;?;9=>;08! 0L!(GC/:!6;D! 7=8T:G!(=G<0!K0D/9.! ! 'G01.! 0L!!

7N:! -G/! "8>:G8=>;08=D! JE?P09;C?! 08! JN;P! 6P:G=>;089M! %=8=<:?:8>! k! &1080?;19M! 2>N:89M! HG::1:!!
e`@!61>0Q:GM!*F,F.!

c! ^=?=/=M! ^.! =8/! ]=8:T0M! V.M! *F,F.! ! 68! >N:! Z:G;S=>;08! 0L! (27J>NG! O;>N;8! >N:! VG=?:O0GT! 0L! "%6!
:8S;G08?:8>=D!VJ2!9>C/;:9.!!'G01.!0L!>N:!c>N!"8>:G8=>;08=D!(08L:G:81:!08!(0DD;9;08!=8/!HG0C8/;8<!0L!JN;P9M!
BC8:!,a>N!`!,)>N!*F,FM!&9P00M!V;8D=8/.!



%&'(!)*A+'.,-!
'=<:!c!

!

!
"#$%&'($)*$+'$,-./01!

*e! 7N:!HG0CP!1089;/:G:/!=!G:D:S=8>!PG0P09=D!08!>N;9!9CQR:1>M!/01C?:8>!%&'(!),A,@A*!
WHG::1:XM!G:10??:8/;8<!=!S0DC?:`Q=9:/!9:S:G;>E!;8/:U.!!J0?:!/:D:<=>;089!G=;9:/!1081:G89!
>N=>!>N:!PG0P09:/!=PPG0=1N!;?PD;:/!=!D;8:=G!G:D=>;089N;P!Q:>O::8!9P;DD!9;_:!=8/!1089:dC:81:!
=8/! G:10??:8/:/! ;89>:=/! =! 9:S:G;>E! ;8/:U! Q=9:/! 08! ?08:>=GE! /=?=<:9! WYJ! /0DD=G9X.!!
K0O:S:GM! =L>:G! 90?:! /;91C99;08M! =! ?=R0G;>E! 0L! >N:! ?:?Q:G9! 0L! >N:! HG0CP! =<G::/! 08! =!
S0DC?:`Q=9:/!9:S:G;>E!;8/:U.!
!
*@! 7N:!HG0CP!9CQ9:dC:8>DE!=<G::/!>0!?0/;LE!>N:!9:S:G;>E!;8/:U!D=Q:D9!;8>0!h1=>:<0GE!,M!
*M! -M! :>1.hM! ;89>:=/!0L! h?;80GM! 9;<8;L;1=8>M! 9:S:G:M! 1=>=9>G0PN;1!=8/!/;9=9>G0C9h! 90!=9!80>! >0!
=9901;=>:! >N:?! O;>N! :dC;S=D:8>! D=Q:D9! ;8! >N:! 9:S:G;>E! ?=>G;U! C9:/! ;8! >N:! 9=L:>E! VJ2!!
WL=>=D;>;:9! =8/! ;8RCG;:9X.! ! 7N:!HG0CP!=D90! =<G::/! >0! =//!=8!=//;>;08=D! 1=>:<0GE! 0L! 9P;DD! 9;_:!
Q:D0O!08:!>088:.!!7N:!L;8=D;_:/!9:S:G;>E!?=>G;U!;9!9N0O8!Q:D0O!=8/!1089>;>C>:9!=8!:U=?PD:.!
!

#0>0394F,":G0E,
J"! J&5&3"7^! Z&V"4"7"64!
,! (=>:<0GE!,! 6;D!9P;DD!9;_:!l!,!>088:!
*! (=>:<0GE!*! 6;D!9P;DD!9;_:!Q:>O::8!,`,F!>088:9!
-! (=>:<0GE!-! 6;D!9P;DD!9;_:!Q:>O::8!,F`,FF!>088:9!
a! (=>:<0GE!a! 6;D!9P;DD!9;_:!Q:>O::8!,FF`,MFFF!>088:9!
c! (=>:<0GE!c! 6;D!9P;DD!9;_:!Q:>O::8!,MFFF`,FMFFF!>088:9!
)! (=>:<0GE!)! 6;D!9P;DD!9;_:!g,FMFFF!>088:9!

!
*f! 2>!>N:!9=?:!>;?:M!>N:!HG0CP!G:;>:G=>:/!>N=>M!;8!C9;8<!=!S0DC?:`Q=9:/!9:S:G;>E!;8/:U!
;8!>N:!K2\"Z!9>:PM!>N;9!/0:9!80>!?:=8!>N=>!9P;DD!9;_:!;9!>N:!08DE!/:>:G?;8=8>!0L!>N:!9:S:G;>E!0L!
=8! 0;D! 9P;DD! =11;/:8>.! ! "8! >N=>! G:<=G/M! >N:! HG0CP! G:1=DD:/! :U>:89;S:! /;91C99;089! O;>N;8! >N:!
G:D:S=8>! %&'(! 10GG:9P08/:81:! <G0CP9! 08! >N;9! 9CQR:1>! 0S:G! >N:! D=9>! L0CG! E:=G9! W9::! L0G!
;89>=81:! /01C?:8>9! %&'(!ceA,e! =8/! %&'(!c@A,eXM! >0! >N:! :LL:1>! >N=>M! ;8! =//;>;08! >0! 9P;DD!
9;_:M! >N:G:! =G:! =! 8C?Q:G! 0L! 0>N:G! P=G=?:>:G9! >N=>! 1=8! N=S:! =! 9;<8;L;1=8>! ;?P=1>! 08! >N:!
9:S:G;>E!0L!=8!0;D!9P;DDM!9C1N!=9!0;D!>EP:M!D01=>;08M!O:=>N:G!108/;>;089M!9:=908M!<:0?0GPN0D0<E!
0L! >N:! 9N0G:D;8:M! =8/! 0>N:G9.! ! 7N:! 91=>>:G! 0L! /;=<G=?9! PD0>>;8<! 9P;DD! 109>! S:G9C9! 9P;DD! 9;_:!!
WL0G! ;89>=81:! L;<CG:!c!0L!/01C?:8>!%&'(!)*A"4V.*aX! 1=8!Q:!:UPD=;8:/!QE! >N:!:U;9>:81:!0L!
>N:9:!P=G=?:>:G9.!!JC1N!P=G=?:>:G9!9N0CD/!Q:!<;S:8!/C:!1089;/:G=>;08!ON:G:!=PPG0PG;=>:.!
!
)0D2??0:G@492:B, 2:, @:, @1132139@40, &%&)S, 30;92:, @:G, *K/, G9@;3@?I, 9:DA=G9:;, @:,
@1132139@40,>@A=0,523,460,BA210,25,460,*K/,D=3>0,
!
-F! 7N:!+0GT;8<!HG0CP!=>!%&'(!)F!N=/!80>:/!>N=>!;>!O=9!PG:?=>CG:!>0!>=T:!>N:!;99C:!
LCG>N:G!C8>;D!9C1N!>;?:!>N=>!>N:!(27J!LC81>;08!N=/!Q::8!G:90DS:/.!
!
-,! 29!>N:G:!O:G:!80!8:O!9CQ?;99;089!08!>N;9!?=>>:G!>0!%&'(!)*M!>N:!HG0CP!G:1=DD:/!
9:S:G=D! C9:LCD! PG:S;0C9! 9CQ?;99;089M! 80>=QDE! QE! H:G?=8E! W%&'(!cfA,eX! =8/! QE! B=P=8!
W%&'(!)FA,eA-X.!
!
-*! 7N:!HG0CP!dC:9>;08:/!>N:!C9:LCD8:99!0L!V`4!/;=<G=?9!O;>N;8!=8!:8S;G08?:8>=D!VJ2M!
P=G>;1CD=GDE!<;S:8!>N:!P:G1:P>;08!0L!>N:!HG0CP!>N=>!>N:!1CGG:8>!LD::>!;9!;8!>N:!2I23'!G:<;08.!
!
--! 2L>:G! 90?:! /;91C99;08M! =8/! <;S:8! >N:! D=1T! 0L! /=>=! 0G! 8:O! 9CQ?;99;089! 08! >N:!
9CQR:1>M!>N:!HG0CP!=<G::/!>N=>!>N;9!?=>>:G!9N0CD/!Q:!D:L>!0P:8!C8>;D!VJ2!9>C/;:9!>N=>!N=S:!=8!
:8S;G08?:8>=D!/;?:89;08!N=S:!=8!0PP0G>C8;>E!>0!P:GL0G?!=8!=8=DE9;9!=8/!PG:9:8>!90?:!G:9CD>9.!
!
+4603,30A0>@:4,9BB=0B,@:G,D2:B9G03@492:,2:,62C,42,D2?1A040,460,C238,
!
-a! 68!>N:!Q=9;9!0L!=DD!PG:S;0C9!P=G=<G=PN9M!>N:!HG0CPM!=L>:G!;8PC>!LG0?!=!9PD;8>:G!<G0CP!
W9CQ<G0CPX!>=9T:/!>0!O0GT!08!>N:!9CQR:1>M!=<G::/!>0!PG:P=G:!=!/01C?:8>!=9!=8!=88:U!>0!>N;9!



%&'(!)*A+'.,-!
'=<:!)!
!

!
"#$%&'($)*$+'$,-./01!

/01C?:8>.!!2L>:G!>N0G0C<N!G:S;:O!=8/!/;91C99;08!QE!>N:!HG0CPM!;>!O=9!=<G::/!>0!G:dC:9>!>N:!
(0??;>>::! >0! L0GO=G/! >N;9! =88:U! >0! >N:! %=G;>;?:! J=L:>E! (0??;>>::! L0G! ;81DC9;08! ;8! >N:!!
VJ2!HC;/:D;8:9.!
!
-c! 7N:!/:D:<=>;089!0L![G=_;D!=8/!(N;8=!G:dC:9>:/!>N:!L0DD0O;8<!9>=>:?:8>!>0!Q:!;81DC/:/#!
!

h[G=_;D!=8/!(N;8=!N=S:!1081:G89!=Q0C>! >N:!:9>=QD;9N?:8>!0L!=!9CQ<G0CP!O;>N;8!>N:!
+0GT;8<! HG0CPM! :9P:1;=DDE! ON:8! >N:! /G=L>! G:P0G>! O=9! =DG:=/E! PG:P=G:/! =8/! 08DE!
9CQR:1>!>0!?;80G!:/;>0G;=D!1N=8<:9.!!">! ;9!=D90!0CG!S;:O!>N=>!>N:!7:G?9!0L!3:L:G:81:!
O:G:!80>!1D:=G!:80C<N! >0!=9T! >N:!HG0CP! >0!PG:P=G:!=!9P:1;L;1! >:U>!ON;1N!10CD/!Q:!
/;G:1>DE! ;810GP0G=>:/! ;8>0! >N:! VJ2! HC;/:D;8:9.! ! "8! S;:O! 0L! >N;9M! [G=_;D! =8/! (N;8=!
G:9:GS:!>N:;G!P09;>;08.h!

!
-)! 7N:!HG0CPM!O;>N!>N:!:U1:P>;08!0L![G=_;DM!1089;/:G:/!>N=>!;>9!/:D;Q:G=>;089!9CLL;1;:8>DE!
LCDL;DD:/! >N:! 7:G?9! 0L! 3:L:G:81:! =8/! >N=>M! =L>:G! L0CG! E:=G9! 0L! O0GT! 08! >N:! 9CQR:1>M! ON;1N!
;8S0DS:/!8C?:G0C9!/;91C99;089!08!=!O;/:!=GG=E!0L!>0P;19!;8!ON;1N!/;S:G<:81:!0L!0P;8;08!O=9!
S:GE! 10??08M! >N:! HG0CP! O=9! L;8=DDE! =QD:! >0! 0S:G10?:! >N:! /;LL;1CD>;:9! =8/! 108S:G<:! 08!
9:S:G=D! 9CQR:1>9.! ! "8! >N=>! 9:89:M! ;>! ;9! >N:!HG0CPi9! 0P;8;08! >N=>! =! 9;<8;L;1=8>!?;D:9>08:! N=9!!
Q::8!=1N;:S:/!=8/! >N=>! >N:!(0??;>>::! 9N0CD/!Q:! =QD:! >0! G:P0G>! >N:! 0C>10?:!0L! >N;9!O0GT!!
>0! >N:! %=G;>;?:! J=L:>E! (0??;>>::! L0G! 1089;/:G=>;08! >0! ;81DC/:! >N:! G:D:S=8>! P=G>9! ;8>0! >N:!!
"%6!VJ2!HC;/:D;8:9.!
!
-e! 7N:!HG0CP!=D90!:UPG:99:/!>N:!0P;8;08!>N=>!:8S;G08?:8>=D!/;?:89;089!0>N:G!>N=8!0;D!
P0DDC>;08! ?=E! O=GG=8>! 9;?;D=G! 1089;/:G=>;08! O;>N;8! VJ2M! =8/! >N=>! >N:! ?:>N0/0D0<E! C9:/!
N:G:;8! 10CD/! Q:! :U>:8/:/!=8/A0G! =/=P>:/! >0! 10S:G! >N:9:!0>N:G! /;?:89;089M! ;8! 1=9:! >N;9! ;9!
/::?:/!=PPG0PG;=>:!QE!>N:!6G<=8;_=>;08.!
!
&D492:,30T=0B40G,25,460,$2??94400,
!
-@! 7N:!(0??;>>::!;9!;8S;>:/!>0!=PPG0S:!>N:!G:P0G>!;8!<:8:G=DM!=8/M!;8!P=G>;1CD=GM!>0#!
!

.,! :8/0G9:! >N:!10890D;/=>:/!0;D! 9P;DD!/=>=Q=9:!=8/! G:dC:9>! >N:!J:1G:>=G;=>! >0!
=GG=8<:!>0!?=T:!;>!PCQD;1DE!=S=;D=QD:!WP=G=<G=PN9!f!>0!,,Xb!

!
.*! :8/0G9:!>N:!HG0CPi9!=PPG0=1N!08!=8!=PPG0PG;=>:!S0DC?:`/:P:8/:8>!(27J!

<D0Q=D! >NG:9N0D/! LC81>;08! L0G! =91:G>=;8;8<! ;L! =! 9P:1;L;1!3;9T!(08>G0D!6P>;08!
W3(6X! ;9! 109>`:LL:1>;S:M! ;81DC/;8<! >N:! 109>! LC81>;089! PG0P09:/! =8/! ;>9!
;8>:<G=>;08! O;>N;8! >N:! VJ2! ?:>N0/0D0<E! WP=G=<G=PN9! ,,! >0! **M! =8/! >N:!
=88:UXb!

!
.-! :8/0G9:! >N:! HG0CPi9! PG0P09=D! 08! N0O! >0! 10?Q;8:! :8S;G08?:8>=D! =8/!!

9=L:>E! 1G;>:G;=! L0G! 3(69! >N=>! G:/C1:! :8S;G08?:8>=D! =8/! 9=L:>E! G;9T!
WP=G=<G=PN9!*@!>0!*fXb!

!
.a! :8/0G9:!>N:!HG0CPi9!PG0P09=D!08!N0O!>0!PG01::/!08!>N:!2I23'!G:<;08!=8/!

V`4!1CGS:9!WP=G=<G=PN!--Xb!=8/!
!
.c! ;8S;>:!>N:!%=G;>;?:!J=L:>E!(0??;>>::!>0!1089;/:G!>N:!0C>10?:!0L! >N:!O0GT!

08!:8S;G08?:8>=D!G;9T!:S=DC=>;08!1G;>:G;=M!=8/!;8!P=G>;1CD=GM!>N:!=88:U!>0!>N;9!
/01C?:8>M!L0G!;81DC9;08!;8>0!>N:!VJ2!HC;/:D;8:9.!

!
!

mmm!
!



%&'(!)*A+'.,-!
288:UM!P=<:!,!

!

!
"#$%&'($)*$+'$,-./01!

&//(U,
,

*#&,(/V")+/'(/-&%,)"#W,(V&%R&-"+/,$)"-()"&,
!)&*-,&'(/!'(/-,-+,*#&,<R"!(%"/(#,

&,S)+S+#(!,/(7,&SS(/!"U,
!
!
40>;8<!>N=>!>N:!?09>!=PPG0PG;=>:!108S:G9;08!L0G?CD=!>0!C9:!O;DD!/:P:8/!08!>N:!9P:1;L;1!910P:!
0L!:=1N!VJ2!>0!Q:!P:GL0G?:/M!=!<:8:G=D!=PPG0=1N!>0!Q:!L0DD0O:/!;9!0C>D;8:/!;8!>N:!L0DD0O;8<!
9C<<:9>:/!:U=?PD:9.!
!
,.! (0890D;/=>:/!0;D!9P;DD!/=>=Q=9:!Q=9:/!08#!
!

=.! "6'(V!/=>=b!
Q.! YJ!Z=>=b!
1.! 40GO:<;=8!/=>=b!

!
V;<CG:!,!9N0O9!>N:!/=>=!0L!>N:!10890D;/=>:/!0;D!9P;DD!/=>=Q=9:!;8!>:G?9!0L!9P:1;L;1!109>9!P:G!
>088:!9P;DD:/! WV;<CG:!c!0L!/01C?:8>!%&'(!)*A"4V.*aX.! !VCG>N:G! ;8L0G?=>;08!O;>N! G:9P:1>! >0!
>N:! Q=9;9! 0L! >N:! /=>=Q=9:! 1=8! Q:! L0C8/! ;8! /01C?:8>! %&'(!)*A"4V.*a.! ! ">! 9N0CD/! Q:!
=1T80OD:/<:/! >N=>! >N:! 10890D;/=>:/! 0;D! 9P;DD! /=>=Q=9:! N=9! D;?;>=>;089! =8/! P099;QD:!
/:L;1;:81;:9.! ! 7N:9:! =G:! /:91G;Q:/! ;8! /01C?:8>! %&'(!)*A"4V.*a! =8/! ?=E! =D90! ;8S0DS:!
;810?PD:>:!0G!?;99;8<!/=>=!08!109>9!0G!0>N:G!;8L0G?=>;08.!
!

,.F&nFF

,.F&nF,

,.F&nF*

,.F&nF-

,.F&nFa

,.F&nFc

,.F&nF)

,.F&nFe

,.F&nF@

,.F&`Fa ,.F&`F- ,.F&`F* ,.F&`F, ,.F&nFF ,.F&nF, ,.F&nF* ,.F&nF- ,.F&nFa ,.F&nFc ,.F&nF)

#19AA,B9H0,9:,42::0B

-
24
@A
,B
10
D9
59
D,
B
19
AA,
D
2B
4B
,9:
,R
#
XY
42
::
0

YJ!/=>=
"6'(V

463

!
!
*9;=30,Z[, &AA, B10D959D, 29A, B19AA, D2B4, G@4@, 9:, OPPQ, R#!, MB19AA, D2B4, 103, 42::0N\,,

#2=3D0[,G2D=?0:4,'(S$,]OY"/*\OJ\,
!
!
7N:! 9CQ?;>>:G! 0L! >N:! VJ2! 1=8! =?:8/! >N;9! /=>=Q=9:! O;>N! 8:O! 0;D! 9P;DD! /=>=M! N0O:S:GM! >N;9!
=?:8/?:8>!9N0CD/!Q:!PG0P:GDE!/01C?:8>:/.!
!
*.! J0?:! G:<G:99;08! L0G?CD=:! /:G;S:/! LG0?! >N:! 10890D;/=>:/! 0;D! 9P;DD! /=>=Q=9:! =G:!
9C??=G;_:/!;8!7=QD:!,!;8!ON;1N!5!;9!9P;DD!9;_:!;8!>088:9.!



%&'(!)*A+'.,-!
288:UM!P=<:!*!
!

!
"#$%&'($)*$+'$,-./01!

-@LA0,Z[,)0;30BB92:,523?=A@0,G039>0G,532?,460,D2:B2A9G@40G,G@4@L@B0,
!

!@4@B04, 5MVN^-24@A,#19AA,$2B4,M-#$N,MOPPQ,
R#,G2AA@3BN,

)05030:D0,

2DD!9P;DD9!!! )eM*ec!5!F.c@f-! %&'(!)*A"4V.*a!
5gF.,!>088:9! a*M-F,!5!F.e*--! %&'(!)*A,@)!

!
!
VJ2! =8=DE9>9! =G:! LG::! >0! C9:! 0>N:G! 108S:G9;08! L0G?CD=:M! 90! D08<! =9! >N:9:! =G:! O:DD!
/01C?:8>:/! QE! >N:! /=>=.! ! V0G! :U=?PD:M! ;L! =8! VJ2! ;9! 1089;/:G;8<! 08DE! 9?=DD! 9P;DD9M! >N:!
9CQ?;>>:G!?=E!L;D>:G!>N:!/=>=!=8/!P:GL0G?!N;9!0G!N:G!0O8!G:<G:99;08!=8=DE9;9.!
!
-.! ">! ;9! G:10??:8/:/! >N=>! >N:!VJ2!=8=DE9>!C9:! >N:! L0DD0O;8<! L0G?CD=! >0!:9>;?=>:! >N:!
901;:>=D!0;D!9P;DD!109>9!WJ(X!C9:/!;8!>N:!=8=DE9;9#!
!

VfFFSC yUncertaAssurancethreshold int !
!
7N;9!:dC=>;08!1089;/:G9#!
!

,.! 299CG=81:!L=1>0G!WFAssuranceX#! =DD0O;8<!L0G!901;:>Ei9!O;DD;8<8:99!>0!P=E!>0!=S:G>!
=11;/:8>9b!

!
*.! Y81:G>=;8>E!L=1>0G!WFUncertaintyX#! =DD0O;8<!L0G!C81:G>=;8>;:9!;8!>N:!109>!;8L0G?=>;08!

LG0?!011CGG:/!9P;DD!=11;/:8>9b!=8/!
!
-.! 50DC?:`/:P:8/:8>!>0>=D!109>!LC81>;08!Wf(V)X#! G:PG:9:8>;8<!>N:!L=1>!>N=>!>N:!109>!P:G!

C8;>!0;D!9P;DD:/!/:1G:=9:9!O;>N!>N:!9P;DD!
9;_:!;8!YJo!P:G!>088:!0;D!9P;DD:/.!

!
7N:!S=DC:9!0L!Q0>N!=99CG=81:!=8/!C81:G>=;8>E!L=1>0G9!9N0CD/!Q:!O:DD!/01C?:8>:/.!
!
"8!0G/:G!>0!1089;/:G!>N:!D=G<:!91=>>:GM!>N:!VJ2!=8=DE9>!?=E!P:GL0G?!=!G:<G:99;08!>0!/:>:G?;8:!
=!LC81>;08!f(V) >N=>!10S:G9!=!P:G1:8>;D:!/;LL:G:8>!>N=8!cF!j!=8/!/01C?:8>!;>!;8!>N:!G:P0G>.!
!
a.! 2PPD;1=>;08!;8!3(6!:S=DC=>;08!
!
7N:! VJ2! =8=DE9>! 9N0CD/! P:GL0G?! =! 109>`Q:8:L;>! =8/! 109>`:LL:1>;S:8:99! :S=DC=>;08! 0L! >N:!
3(69!;/:8>;L;:/!=8/!PG0S;/:!=DD!G:D:S=8>!/:>=;D9!;8!>N:!G:P0G>M!=9!0C>D;8:/!Q:D0O.!
!
!
! a.,! 3(69!=LL:1>;8<!0;D!9P;DD9!08DE!
!

"8!1=9:!=8!3(6!=LL:1>9!0;D!9P;DD9!08DE#!
!

)$+,9B,D2B4,0550D49>0,95, $,_, #$,
!

(!p!&UP:1>:/!109>!0L!>N:!3(6M!
!

J(!p!W&UP:1>:/!J(!C9462=4!>N:!3(6X!q!W&UP:1>:/!J(!!C946!>N:!3(6X!p!&UP:1>:/!
Q:8:L;>!0L!>N:!3(6.!
!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
)!! YP/=>:/!G:<G:99;08!?=/:!08!>N:!L;8=D!10890D;/=>:/!/=>=9:>.!



%&'(!)*A+'.,-!
288:UM!P=<:!-!

!

!
"#$%&'($)*$+'$,-./01!

a.*! 3(69!=LL:1>;8<!Q0>N!9=L:>E!=8/!:8S;G08?:8>!
!
"8! 1=9:! 0L! 3(69! =//G:99;8<! Q0>N! 9=L:>E! =8/! :8S;G08?:8>! >N:! L0DD0O;8<! L0G?CD=! ;9!
G:10??:8/:/#!
!
! 4(2V!p!W (!q! J(X!A! 'II!
!
"8!>N:!=Q0S:M!
!

(!p!&UP:1>:/!109>!0L!>N:!3(6 J(!p!W&UP:1>:/!J(!!C9462=4!>N:!3(6X!q!W&UP:1>:/!
J(!C946,>N:!3(6X!p!&UP:1>:/!Q:8:L;>!0L!>N:!3(6M!

'II!p!&UP:1>:/!G:/C1>;08!0L!L=>=D;>;:9!/C:!>0!>N:!3(6M!=8/!
!
7N:!1G;>:G;=!L0G!4(2V!=G:!=9!P:G!>=QD:!*!0L!=PP:8/;U!e!0L!/01C?:8>!%J(!@-A"4V.*.!
!
"8!1=9:!>N:G:!;9!=8!:1080?;1!Q:8:L;>!W [XM! (!9N0CD/!Q:!G:PD=1:/!QE! (`! [.!
!
">! ;9! =D90! :?PN=9;_:/! >N=>! =DD! 109>! =8/! Q:8:L;>! 10?P08:8>9! 0L! >N:! 109>`Q:8:L;>! 0G!
109>`:LL:1>;S:8:99!;8:dC=D;>E!9N0CD/!Q:!9N0O8!;8!=8!VJ2!9>C/E!L0G!Q:>>:G!>G=89P=G:81E.!
!
7N:!C9:G!;9!LG::!>0!/:S:D0P!8:O!=PPG0=1N:9!>=T;8<!;8>0!=110C8>!>N:!0QR:1>;S:9!0L!>N:!VJ2.!
!
c.! "8/:U!L0G!:8S;G08?:8>=D!1G;>:G;=!
!
7N:!>=QD:!Q:D0O!9N0CD/!Q:!;89:G>:/!9:,&110:G9E,J,M1@3@;3@16,`N,25,460,*#&,<=9G0A9:0B!
!

#0>0394F,":G0E,
J"! J&5&3"7^! Z&V"4"7"64!
,! (=>:<0GE!,! 6;D!9P;DD!9;_:!l!,!>088:!
*! (=>:<0GE!*! 6;D!9P;DD!9;_:!Q:>O::8!,`,F!>088:9!
-! (=>:<0GE!-! 6;D!9P;DD!9;_:!Q:>O::8!,F`,FF!>088:9!
a! (=>:<0GE!a! 6;D!9P;DD!9;_:!Q:>O::8!,FF`,MFFF!>088:9!
c! (=>:<0GE!c! 6;D!9P;DD!9;_:!Q:>O::8!,MFFF`,FMFFF!>088:9!
)! (=>:<0GE!)! 6;D!9P;DD!9;_:!g,FMFFF!>088:9!

!
!

rrrrrrrrrrr!





Page 1 / 5 - Curriculum vitae of  
Christos Kontovas  

 

 

  
 

                                                                                                

 

Curriculum Vitae  
  

Personal information  

First name(s) / Surname(s)  Christos Kontovas  
Address c/o Laboratory for Maritime Transport 

National Technical University of Athens 
Iroon Polytechneiou 9, Zografou GR-15773, Greece 

Telephone(s) +30 210 772 1410 Mobile + 30 6937 959534 

Fax(es) +30 210 772 1408 

E-mail(s) kontovas@mail.ntua.gr 

Nationality Greek  

Date of birth 22 September 1979 

Gender Male  
  

Work experience  
  

Dates 01 March 2007   

Occupation or position held Doctoral Research  
Name and address of employer Laboratory for Maritime Transport, National Technical University of Athens 

9, Iroon Politechneiou Str., GR-15771 Zografou (Greece) 

Type of business or sector Academia 
  

Dates 01 September 2000 - 01 September 2002  

Occupation or position held Software Developer 
Main activities and responsibilities Designing e-learning material for scientific computing (e.g. Matlab and Mathematica) 

Name and address of employer Central Computer Center, National Technical University of Athens 
9, Iroon Politechniou, GR-15771 Zografou (Greece) 

Type of business or sector Academia 
  

Education and training  
  

Dates June 2007 – December 2011 

Title of qualification awarded Phd  
Principal subjects covered Risk Assessment for maritime safety and environmental protection (oil spills and air emissions) 

Name and type of organisation 
providing education and training 

School of Naval Architecture  
National technical University of Athens, GR 

Level in national or international 
classification 

PhD Student - Technical University 

  

Dates 01 May 2006 - February 2007  

occupational skills covered Engineering 

Name and type of organisation 
providing education and training 

Greek Army Corps of Engineers 

Level in national or international 
classification 

Military Service 
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Dates 01 September 1999 - 01 September 2005  

Title of qualification awarded Diploma of Engineering 
Principal subjects  Naval Architecture and Marine Engineering 

Name and type of organisation 
providing education and training 

School of Naval Architecture and Marine Engineering  
National Technical University of Athens 

Level in national or international 
classification 

Technical University 

  

Dates September 1998 - September 1999  

Title of qualification awarded selected courses 

Principal subjects covered Mathematics 

Name and type of organisation 
providing education and training 

Department of Mathematics  
University of Athens, GR 

Level in national or international 
classification 

University 

  

Personal skills and 
competences 

 

  

Mother tongue(s) Greek 
  

Other language(s)  

Self-assessment  Understanding Speaking W r i t i n g 
European level (*)  Listening Reading Spoken interaction Spoken production  

English  C1  Proficient user  C1  Proficient user  C1  Proficient user  C1  Proficient user  B2  Independent user  

German  B1  Independent user  B2  Independent user  A2  Basic User  A2  Basic User  B1  Independent user  

 (*) Common European Framework of Reference (CEF) level  
  

 
 
 

Organisational skills and competences • Society of Naval Architects and Marine Engineers (SNAME)  
  Chairman of the NTUA Student Section   [ Mar. 2009-Mar. 2010, Mar. 2010 – Apr. 2011 ] 
•  Board of European Student Organization (BEST)  
   Vice-President of the local group of Athens (LBG Athens)     [2002-2003]  
 
Member of  
•  Technical Chamber of Greece  (Greece)  
•  Society of Naval Architects and Marine Engineers (USA)  
•  Society for Risk Analysis  (USA) 
•  International Association of Maritime Economists (IAME) 
•  Hellenic Association of Maritime Economists (ENOE) 

  
 
 

  

Computer skills and competences • Operating Systems (MS Windows and linux-based mainly Debian and Ubuntu).  
• Office Suites (Word processing, Presentations, Spreadsheets): All major ones (MS Office,      
   OpenOffice, Libre Office) 
• Programming Skills : HTML, Fortran, Pascal 
• Web authoring: webmasteHTML,CSS coding and IIS and Apache  
• Image Processing: Adobe Photoshop CS, Corel PaintShop Pro, GIMP 
• CAD: Autocad, Rhinoceros 
• Marine Design: Autoship, Tribon/AVEVA, Maxsurf 
• Risk And Decision Analysis Software : Palisade @Risk, Crystal Ball 

  

Artistic skills and competences Technical drawing and Painting (pencil, oil and acrylics) 
  

  

Driving licence(s) B  
\ 
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Additional information 
(major and non-confidential projects only) 

•   “Ship Air Emissions Study”, Study funded by Hellenic Chamber of Shipping (January- June 2008)   
Modelling and Estimating world CO2 emissions inventory for shipping 

•   "Hazard identification (HazId) of Tanker Operations", Task 4.7,  FSA on crude oil carriers within 
Project SAFEDOR (Design, operation and regulation for safety), project funded by the 6th framework 
programme of the European Commission.   

•   “Effective Bulk Transport,” Gift Agreement  funded by Det Norske Veritas (DNV)  (January 2008- 
December 2010).  

•   “Assessment of Environmental Impact in Marine Transportation and Related Activities,” project 
funded by American Bureau of Shipping (ABS)   (June 2008-May 2011). 

•   "Centre of Excellence in Ship Total Energy-Emissions-Economy", a centre established by the 
Lloyd’s Register Educational Trust (LRET) 
•   EU DG Climate Action Study : "Study on ships visiting EU ports", 
CLIMA.B.3/ETU/2010/0021rl,Principal contractor: IHS Global Limited   (2010) 
 
Involvement at the International Maritime Organization 
•   Assisting the LMT team that is active at the IMO, both at the Maritime Safety Committee (MSC) and 
at the Marine Environment Protection Committee (MEPC). 
- Member of the Greek delegation at MEPC 62. 
- Areas involved: Formal Safety Assessment within MSC and Environmental Risk Evaluation 

Criteria and GHG emissions from ships within MEPC.  
 

  

Annexes Scientific Publications 
For a complete list visit: http://users.ntua.gr/kontovas/pub.html 
 
Total of peer reviewed publications (2007-2011): 21  (journals:7. Book chapters: 2, conf. proc.:12) 
 
 
REFERRED JOURNALS 
2009  
!   Kontovas, C.A., Psaraftis, H.N.  “Formal Safety Assessment: A critical review”, Marine     
    Technology, Vol. 46, No 1, January 2009,   [download]   
!   Psaraftis, H.N., Kontovas, C.A.  "CO2 Emissions Statistics for the World Commercial Fleet",       
  WMU Journal of Maritime Affairs", Vol. 8 (2009), No.1, 1–25  [download]   
!   Psaraftis, H.N., Kontovas, C.A.  "A web-based open emissions calculator",  Int. J. Ocean  
    Systems Management, Vol. 1, No. 2, 2009  [download]  
2010 
!   Psaraftis, H.N., Kontovas, C.A. "Balancing the Economic and Environmental Performance of        
    Maritime Transportation”, Transportation Research Part D: Transport and Environment, Volume 15,  
    Issue 8, December 2010, Pages 458-462  [download] 
!   Kontovas, C.A., Psaraftis, H.N. , Ventikos N. “An Empirical Analysis of IOPCF Oil Spill Cost Data”,  
    Marine Pollution Bulletin, Volume 60, Issue 9, September 2010, Pages 1455-1466   [download] 
2011 
!   Kontovas, C.A., Psaraftis, H.N. (2011), “Reduction of Emissions Along the Maritime Intermodal  
    Container Chain”, Maritime Policy & Management, Volume 38, No. 4, pp 455-473, July 2011 
     [download] 
!   Kontovas, C.A., Psaraftis, H.N. (2011), “Climate Change Policy in Shipping Focusing on Emission  
    Standards and Technology Measures",   Environmental Engineering and Management Journal,  
    Volume 10, Issue 10, pp.1589-1596, October 2011. 
 
 
 
REFERRED BOOK CHAPTERS 
 
!   Psaraftis, H.N., Kontovas, C.A., “Ship Emissions, Costs and their Tradeoffs”, in Advances in         
     Maritime Logistics and Supply Chain Systems,  World Scientific Publishing, Singapore, 2011 
    Article   [download]        View/Buy at amazon 
!   Psaraftis, H.N, Lyridis, D.V. and Kontovas, C.A, "The Economics of Ships", in: Wayne Talley (ed):  
    The Blackwell Companion to Maritime Economics, January 2012         View/Buy at amazon 
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REFERRED CONFERENCES AND SYMPOSIA 
2007 
!   Kontovas, C.A., Psaraftis, H.N., Zachariadis, P.(2007b), “The Two C’s of the Risk-Based Approach   
    to   Goal based Standards: Challenges and Caveats”,  International Symposium on Maritime Safety,  
    Security and Environmental Protection, Athens, Greece, 20-21 September 2007  [download]  
!   Kontovas, C.A., Psaraftis, H.N., Zachariadis, P.(2007c), “Improving FSA as a prerequisite for  
    risk-based GBS”, PRADS 2007 – The 10th International Symposium on Practical Design of Ships  
    and Other Floating Structures, 1-5 Oct. 2007, Houston, TX, USA [download]  
2008 
!   Kontovas, C.A. and Psaraftis H.N. (2008), “Marine Environment Risk Assessment: A Survey on the 
      Disutility Cost of Oil Spills", 2nd Int. Symposium on Ship Operations,Management and Economics, 
     Athens, September 17-18, 2008         [download] 
!   Psaraftis, H.N., C.A. Kontovas, “CO2 Emissions Statistics for the World Commercial Fleet”,     
    Symposium of the Hellenic Institute of Marine Technology (ELINT), November 2008 
2009 
!   Psaraftis, H.N., C.A. Kontovas, “Ship Emissions: Logistics and Other Tradeoffs”, 10th Int. Marine  
     Design Conference (IMDC), Trondheim, Norway, 26-29 May 2009 [download] 
!   Psaraftis, H.N., Kontovas, C.A., Kakalis, N., “Cost-effectiveness of Speed Reduction as an   
     Emissions     Reduction Measure for Fast Ships”, 10th Int. Conference on Fast Sea Transportation, 
     Athens,  Greece, October 5 - 8, 2009 [download]    
!   Kontovas, C.A., Psaraftis, H.N.,"An Online Ship Emissions Calculator as a Decision-Making Aid and 
    Policy Evaluation Tool", IMAM 2009, International Maritime Association of the Mediterranean,          
    Istanbul, Turkey, October 12-15, 2009  [download]    
2010 
!   Kontovas, C.A., Psaraftis, H.N., “Reduction of Emissions Along the Intermodal Container Chain”,      
    2010 Annual Conference of the International Association of Maritime Economists (IAME), Lisbon,  
    Portugal, July 2010   [download]   
!   Kontovas, C.A., Psaraftis, H.N., "Carbon Dioxide Emissions Valuation and its Uses", The 3rd  
    International Symposium on Ship Operations, Management & Economics, Athens, Greece 7-8  
    October, 2010 [download]   
2011 
!   Kontovas, C.A., Psaraftis, H.N., “The Link Between Economy and Environment in the Post-Crisis  
    Era: Lessons Learned from Slow-Steaming, European Conference on Shipping, Chios, Greece,   
    Intermodalism & Ports (ECONSHIP2011), June 22-24, 2011    [download] 
!   Kontovas, C.A., Ventikos, N. , and  Psaraftis H.N. (2011) ,“An Updated Analysis of IOPCF Oil Spill  
    Data: Estimation of the Disutility Cost of Tanker Oil Spills  ”, IMAM 2011, International Maritime  
    Association of the Mediterranean,  Genoa, Italy, September 13-16, 2011  
!   Kontovas, C.A., Ventikos, N. , and  Psaraftis H.N. (2011) ,“ Estimating the Consequence Costs of  
    Oil Spills from Tankers, 2011 SNAME Annual Meeting & Expo, November 18-19, 2011 
    Houston, TX.  
 
NON  REFERRED CONFERENCES/SYMPOSIA 
!   Zachariadis, P., H.N. Psaraftis, C.A. Kontovas (2007a), “Risk Based Rulemaking and Design:      
    Proceed with Caution”, RINA (Royal Institution of Naval Architects, UK) conference on  
    Developments in Classification and International Regulations, London, Jan.  2007 [download] 
 
SUBMISSIONS TO THE INTERNATIONAL MARITIME ORGANIZATION (IMO)  [list not exhaustive] 
    (Prepared, among others, by H.N Psaraftis ,C.A. Kontovas and other LMT members  -  Submitted by Greece) 
FSA related 
!   "Application of the FSA Guidelines and review of FSA studies ", MSC 86/17/2   
!   "FORMAL SAFETY ASSESSMENT: Possible Improvements on FSA Guidelines", MSC 82/INF.3,  
    (Nov. 29-Dec. 8, 2006)   
!  "Formal Safety Assessment - Environmental Risk Evaluation Criteria", MEPC 56/18/1, (May, 2007)  
!  "An Empirical Analysis of IOPCF Oil Spill Cost Data" (Abridged Version), MEPC 60/17 - Annex 2       
    (July, 2009)  
!   "Further experience with non-linear oil spill cost functions" , MEPC 61/18/2  (July, 2010)  
!   "Combining environmental and safety criteria and selection of a severity matrix", MEPC62/18 
!   "Further experience with oil spill databases and update of non-linear oil spill cost functions",   
       MEPC62/18/1 (July 2011) 
 
Emissions related 
!     "Comments on the EEDI Baseline Formula", MEPC60/4/15, (Jan. 15, 2010)  


