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Adaptive tools for decisions on water
infrastructure affected by compounding

climate change impacts
By Andrew Allison, Scott Stephens, Judy Lawrence, Shailesh Singh,

Paula Blackett, Yvonne Matthews and Jan Kwakkel

Introduction
!"#$%&#'(%)$'*+,$%)-(.+/+*01(+$($.'(,2+1$(&21'(+(,.+##')-%)-
&*23#'4(52*(#2,+#(-26'*)4')$(+)0(0',%1%2)(4+7'*1(8%$.
,*%$%,+#(8+$'*(%)5*+1$*",$"*'(+11'$1(#2,+$'0(%)(+$9*%17(#2,+$%2)1:
;5(&+*$%,"#+*(%4&2*$+),'(%1()+6%-+$%)-($.'("),'*$+%)$<(+*2")0
$.'($%4%)-=(5*'>"'),<=(+)0(4+-)%$"0'(25(,2+1$+#(.+/+*01
1",.(+1(*'#+$%6'(1'+9#'6'#(*%1'(?@AB@C=(,2+1$+#(%)")0+$%2)=
'*21%2)=(*%1%)-(-*2")08+$'*(+)0(*+%)5+##9*")255('6')$1=(8.%#'
&*26%0%)-(+)(+-*''0(#'6'#(25(1'*6%,'(52*($.*''(8+$'*1(1<1$'41
+)0(,2)1$*+%)%)-(,21$1:

D'(2"$#%)'(2)-2%)-(*'1'+*,.($.+$(1''71($2(+00*'11($.'
%4&+,$1(25(,24&2")0%)-(,#%4+$'(,.+)-'(+)0(5#220(.+/+*01
2)(8+$'*(%)5*+1$*",$"*'(%)(E2$'+*2+(F'8(G'+#+)0(+)0
1"&&2*$($.'()+6%-+$%2)(25("),'*$+%)$%'1(?H"-.'1('$(+#:=(IJIKC:
L.%1(%1('11')$%+#(3',+"1'($*+0%$%2)+#(+&&*2+,.'1(.+6'(5+##')
1.2*$(%)(%0')$%5<%)-($.'(421$(*23"1$K(1"%$'(25(+0+&$+$%2)
+,$%2)1(")0'*(0''&#<("),'*$+%)(,#%4+$'=(.+/+*0(+)0(12,%29
',2)24%,(5"$"*'1:(MN+4&#'1(5*24(26'*1'+1(?':-:=(H"44'#
'$(+#:=(IJKOC(+)0(%)(F'8(G'+#+)0(?':-:=(P22#('$(+#:=(IJIJC
.+6'(1.28)($.+$(4+)<('N%1$%)-(8+1$'8+$'*($*'+$4')$(&#+)$1

?DDLQ1C(+*'(1"1,'&$%3#'($2(5#220%)-(+5$'*(IR9SJ(,4(25(@AB@:
T+%#"*'(25(DDLQ1($2(*'+,.($.'%*(2&'*+$%2)+#(23U',$%6'1(+)0
'N&',$'0(B'6'#1(25(A'*6%,'(,+)(.+6'(8%0'1&*'+0(3%2#2-%,+#
%4&+,$1(?V+17"#+7('$(+#:=(IJIIC(+)0(12,%+#(+)0(&2#%$%,+#
*+4%5%,+$%2)1:(F'8(+&&*2+,.'1(+*'(*'>"%*'0($.+$(,+)
'6+#"+$'(8.%,.(1"%$'1(+)0(1'>"'),%)-(25(+0+&$+$%2)(+,$%2)1
82"#0(&*26%0'(%)5*+1$*",$"*'(2&'*+$2*1(8%$.($.'(421$(#''8+<
52*('55',$%6'(+0+&$%6'(+,$%2)1(+1(,2)0%$%2)1(+)0(&'*52*4+),'
+&&*2+,.(%)2&'*+3#'($.*'1.2#01(?P22#('$(+#:=(IJIJC:(L.'1'
+,$%2)1()''0($2(3'(+3#'($2(,*'+$'(2)-2%)-(5#'N%3%#%$<($2(426'
3'$8'')(0%55'*')$(2&$%2)1(+)0(&+$.8+<1(*+$.'*($.+)
&*20",%)-(1$*+)0'0(+11'$1:(L.'(5*+4'82*7(8'(2"$#%)'(%1
)2$(*'1$*%,$'0($2("1'(%)(E2$'+*2+(F'8(G'+#+)0=(2*(52*(8+$'*
%)5*+1$*",$"*'=(+)0(,+)(3'(+02&$'0('#1'8.'*':

D'(+*'(+&&#<%)-(!"#$%9;3U',$%6'(@23"1$(W',%1%2)9!+7%)-
?!;@W!C(8%$.%)(+(W<)+4%,(E0+&$%6'(Q+$.8+<1(Q#+))%)-
?WEQQC(&*2,'11($2(+11%1$($.'(+0+&$+$%2)(25($82(8+1$'8+$'*
$*'+$4')$(&#+)$1(2)(#28('#'6+$%2)(,2+1$+#(&#+%)1:(X1%)-(+
!;@W!(+&&*2+,.(%)(,2)U"),$%2)(8%$.(WEQQ(')+3#'1
%0')$%5%,+$%2)(25(+0+&$+$%2)($.*'1.2#01(?+(1$+$'(+5$'*(8.%,.
+0+&$+$%2)(1$*+$'-%'1()2(#2)-'*(4''$(23U',$%6'1C(+)0
5+,%#%$+$'1($%4'#<(0',%1%2)(4+7%)-(2)(+0+&$+$%2)(+,$%2)1
8%$.(1"55%,%')$(#'+0($%4'(52*(%4&#'4')$+$%2):(A"31'>"')$
0%1,"11%2)(0'$+%#1($.'(+&&*2+,.'1("1'0(+)0(.28($.'<(8'*'
+&&#%'0:

K(@23"1$(1$*+$'-%'1(+*'($.21'($.+$(82*7(8'##(+,*211(+(8%0'(*+)-'
25(&#+"1%3#'(1,')+*%21=(,24&+*'0(8%$.(2&$%4+#(1$*+$'-%'1($.+$
&*26%0'(+(3'1$(2"$,24'(8%$.%)(+(1%)-#'(1,')+*%2(+)0($."1(02()2$
+00*'11(0''&("),'*$+%)$<:

5 Adapting to coastal change in urban
and built environments
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Deeply uncertain futures
W''&("),'*$+%)$<(%1(8.'*'($.'('N$'*)+#(,2)$'N$(25($.'
1<1$'4=(1<1$'4(5"),$%2)=(+)0($.'(2"$,24'1(0*%6')(3<(1<1$'4
5"),$%2)(+)0($.'%*(*'#+$%6'(%4&2*$+),'=(+*'('%$.'*(")7)28)
2*(,+)Y$(3'(+-*''0(2)(3<('N&'*$1(?!+*,.+"('$(+#:=(IJKZC:(T2*
'N+4&#'=(1'+9#'6'#(*%1'(1,')+*%21(%)()+$%2)+#(,2+1$+#(-"%0+),'
?!5M=(IJK[C=(0'*%6'0(5*24($.'(E@R(\Q]](&*2U',$%2)1=(1.28
)'+*9$'*4(,'*$+%)$<(25(1%4%#+*(*%1'1(")$%#(IJRJ=(3"$
%),*'+1%)-#<(0%6'*-'($.'*'+5$'*(?T%-"*'(KC:(L.'(1'6'*%$<(25
2$.'*(.+/+*0(%4&+,$1=(1",.(+1(1$2*4(1"*-'=('*21%2)=(,2+1$+#
5#220%)-=(%)")0+$%2)I(+)0(+112,%+$'0(*%1%)-(-*2")08+$'*
+*'(+##(%)5#"'),'0(+)0('N+,'*3+$'0(3<(@AB@^($.'(42*'(.+/+*01
$.+$()''0($2(3'(,2)1%0'*'0(8.')(&#+))%)-(52*(%)5*+1$*",$"*'
+0+&$+$%2)=($.'(42*'(,24&#'N(+)0("),'*$+%)($.'(5"$"*'
3',24'1:

W',%1%2)9!+7%)-(")0'*(W''&(X),'*$+%)$<(?W!WXC(%1(+)
+&&*2+,.(52*('N&#2*%)-($.'(%4&#%,+$%2)1(25(0',%1%2)(4+7%)-
")0'*($.'(%).'*')$("),'*$+%)$<(25(+(,.+)-%)-(,#%4+$'("1%)-
+(8%0'(*+)-'(25(&211%3#'(12,%29',2)24%,(5"$"*'1:(\)0''0=
2)'(25($.'(7'<(%0'+1(")0'*&%))%)-(W!WX(%1($.'(6+#"'(%)
"1%)-(420'#1($2('N&#2*'("),'*$+%)$<=(*+$.'*($.+)("1%)-
420'#1(52*(&*'0%,$%6'(&"*&21'1(?P8+77'#('$(+#:=(IJK_C:
Q*'0%,$%6'(420'##%)-(%1(#%4%$'0(3<("),'*$+%)$<=(+)0(+%4%)-
52*(2&$%4+#(1$*+$'-%'1(,+)(*'1"#$(%)(+(&#+)($.+$(82"#0(82*7
8'##(%)($.'(2)'(1,')+*%2("1'0(52*(&*'0%,$%2)(3"$(%1()2$(*23"1$
+,*211(+(1"%$'(25(&211%3#'(1,')+*%21:

Dynamic Adaptive Pathways Planning
WEQQ(%1(+(5%$952*9&"*&21'(4'$.20(52*(,#%4+$'9,.+)-'
+0+&$+$%2)(&#+))%)-($2(+00*'11(8%0')%)-("),'*$+%)$<(+)0
#2)-(&#+))%)-($%4'5*+4'1:(E&&#<%)-(+(WEQQ(+&&*2+,.(%1
"1'5"#(52*(+)$%,%&+$%)-(*%17(+)0(8.'*'(8'()''0($2(4+7'
0',%1%2)1($20+<($2(+62%0(#2,79%)(25(+,$%2)1($.+$(+*'
4+#+0+&$%6'(+)0(#%4%$($.'(+,$%2)1(+6+%#+3#'(52*(+0+&$+$%2)
26'*($%4'^(*%171(,.+)-'(26'*($%4'(+)0(%),*'+1%)-(5#'N%3%#%$<

%1()''0'0($2(+02&$(0%55'*')$(+0+&$+$%2)(&+$.8+<1(+)0
2&$%2)1(?T%-"*'(IC:

E(7'<(,24&2)')$(25(WEQQ(%1(%0')$%5<%)-(1%-)+#1(+)0($*%--'*1
$.+$(,+)(3'(42)%$2*'0("1%)-(%)0%,+$2*1(25(,.+)-'(?%),#"0%)-
.+/+*0(*%171(+)0(B'6'#1(25(A'*6%,'C(+)0(+&&*2+,.%)-
$.*'1.2#01:(L.'1'(,+)(3'(')6%*2)4')$+#=(12,%+#=(,"#$"*+#(2*
',2)24%,(%)0%,+$2*1:(L.'1'(')+3#'($%4'#<(+0+&$%6'(+,$%2)1
$2(3'($+7')=($.*2"-.(+)('+*#<(8+*)%)-(1%-)+#(25($.'
'4'*-'),'(25($.'($*%--'*(`(8.')(+(0',%1%2)()''01($2(3'
4+0'(`(3'52*'($.'(.+*45"#(2*(%)2&'*+3#'($.*'1.2#0(%1
*'+,.'0:

\)(E2$'+*2+(F'8(G'+#+)0=(WEQQ(52*41(+(,')$*+#(,24&2)')$
25($.'(!%)%1$*<(52*($.'(M)6%*2)4')$(?!5MC(]2+1$+#(H+/+*01
+)0(]#%4+$'(].+)-'(-"%0+),'(52*(#2,+#(-26'*)4')$(?!5M=
IJK[C=(4+*7%)-(?+1(5+*(+1($.'(+"$.2*1(+*'(+8+*'C($.'(5%*1$
$%4'(%)($.'(82*#0($.+$(WEQQ(.+1(3'')('43'00'0(%)$2
)+$%2)+#(-"%0+),':(!'$.201(52*(%0')$%5<%)-($.'(%)0%,+$2*1
$.+$()''0($2(3'(42)%$2*'0=(+)0($.'(1%-)+#1(+)0($*%--'*1
8.%,.(#'+0($2(+(,.+)-'(%)(+0+&$%6'(+,$%2)=(+*'(0'6'#2&%)-
3'<2)0($.'($*+0%$%2)+#("1'(25('N$*'4'(.+/+*0('6')$1($2
%)%$%+$'(+0+&$+$%2)(+5$'*($.'('6')$:(WEQQ(+)0(1,')+*%2
420'##%)-=(2)($.'(2$.'*(.+)0=(+*'(3+1'0(2)(+)$%,%&+$2*<
&#+))%)-($2(*'0",'(+)0(+62%0($.'(82*1$(,2+1$+#(*%171:(W+<9
$290+<(DDLQ(2&'*+$%2)1(+)0($.'(,2)1')$%)-(&*2,'11(52*
8+$'*(%)5*+1$*",$"*'("&-*+0'1=(52*('N+4&#'=(*'#<("&2)
+11"*+),'1(25(+0'>"+$'(2"$5#28(>"+#%$<($2(&*'6')$()'-+$%6'
%4&+,$1(2)(4+.%)-+(7+%S=(+)0($2(4+)+-'(,21$1:(WEQQ(,+)
.'#&(+11'11(+(1"%$'(25(+0+&$+$%2)(2&$%2)1($.+$(+*'(*23"1$
+)0(+3#'($2(2&'*+$'(+,*211(+(*+)-'(25("),'*$+%)(,2)0%$%2)1
+)0($."1(+11"*'(+(,244")%$<(25($829+)09$.*''(8+$'*1
B'6'#1(25(A'*6%,'(?P22#('$(+#:=(IJIJC:

Multi Objective Robust Decision Making
;),'(0'6'#2&'0=(+(0<)+4%,(+0+&$%6'(&+$.8+<1(&#+)(255'*1
+(*+)-'(25(+,$%2)1(+)0(&2$')$%+#(&+$.8+<1($.+$(4+<(3'

;'(2&"$<4$=>?$01",9&'+0$@+&$A+*"9&+9$!"#$B"969,7.$)'()6'()*',($*)"$7'C"&0'+,$+@$D+00'56"$0"9E6"C"6$&'0"$*&9F"1*+&'"0$@&+8$GHIH
+,#9&7$3?$%"66.$D"&0J$1+88J.$979D*"7$@&+8$K@L.$GH<M4$;'(2&"$GM:J

I(D'("1'($.'($'*4(a,2+1$+#(5#220%)-Y($2(0'1,*%3'(&'*%20%,(5#220%)-
0"*%)-(1$2*4('6')$1=(+)0(a%)")0+$%2)Y($2(0'1,*%3'(1"34'*-'),'
25(#289#<%)-(,2+1$+#(#+)0(3<(@AB@:

S(!+.%)-+(7+%(%1(L'(@'2(!+b2*%(52*($.'($*+0%$%2)+#(6+#"'(25(5220
*'12"*,'1(+)0($.'%*(',21<1$'41=(+1(8'##(+1($.'(&*+,$%,'1(%)62#6'0
%)(&*20",%)-=(&*2,"*%)-=(+)0(&*2$',$%)-($.'1'(*'12"*,'1:
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52##28'0:(H28'6'*=(%$(02'1()2$('N&#%,%$#<(1.28(8.%,.
1'>"'),'(25(2&$%2)1(1.2"#0(3'(52##28'0($2(4''$($.'
23U',$%6'1(25(.+/+*0(+62%0+),'=(,21$(4+)+-'4')$=(+)0
4%$%-+$%2)(25(12,%+#(+)0(*'-"#+$2*<(&*'11"*'1(")0'*(+)(+**+<
25(0%55'*')$(&211%3#'(5"$"*'1:(!;@W!(%1(+)(%$'*+$%6'(&*2,'11
$.+$(,+)(.'#&(0'$'*4%)'($.'(1'>"'),'(25(+,$%2)1($.+$(3'1$
+,.%'6'1(+(*+)-'(25(23U',$%6'1(?B'4&'*$=(IJKZC:

L.'(&"*&21'(25(!;@W!(%1($2(1$*'11($'1$(,+)0%0+$'(1$*+$'-%'1
26'*(+(#+*-'(')1'43#'(25(1,')+*%21^($2(%0')$%5<(8.+$(%$(%1
$.+$(1$*+$'-%'1($.+$(02)Y$(4''$(<2"*(23U',$%6'1(.+6'(%)
,2442):(A"31'>"')$($8'+7%)-(25($.'(1$*+$'-%'1(%0'+##<
#'+01($2(%0')$%5%,+$%2)(25(2)'(2*(42*'(1$*+$'-%'1($.+$(&'*52*4
8'##(")0'*($.'(-*'+$'1$()"43'*(25(1,')+*%21(8%$.%)($.'
')1'43#':(;),'($.21'(.+6'(3'')(%0')$%5%'0=(*'1'+*,.(,+)
+#12(#227(1&',%5%,+##<(+$($*+0'92551=(,2)1%0'*%)-($.'(23U',$%6'1
25(+(6+*%'$<(25(1$+7'.2#0'*1:

!;@W!(,2)1%0'*1(4"#$%&#'(0%55'*')$(5"$"*'1=(1''71(*23"1$
*+$.'*($.+)(2&$%4+#(1$*+$'-%'1=(+)0('4&#2<1(+0+&$%6'
1$*+$'-%'1($2(%),*'+1'(*23"1$)'11=(1%4"#+$%)-($.'1'(6%+
420'##%)-:(@+$.'*($.+)(3'%)-(+32"$(2&$%4%1+$%2)(+)0(5%)0%)-
$.'(a3'1$Y(&+$.8+<=(!;@W!(52,"1'1(2)(5%)0%)-($.'(421$
*23"1$(&+$.8+<(")0'*(,2)0%$%2)1(25(0''&("),'*$+%)$<:
!;@W!(.'#&1(0',%1%2)(4+7'*1($2(5%)0($.'(+0+&$+$%2)
&+$.8+<1($.+$(+*'(#'+1$(#%7'#<($2(5+%#(*'-+*0#'11(25(8.+$
.+&&')1=(8.%#'(')1"*%)-($.+$(,21$1(+*'(4%)%4%1'0(3<
+62%0%)-(&*'4+$"*'(2*("))','11+*<(+0+&$+$%2):(\)($.%1
82*7=($.'(!;@W!(+)+#<1%1(%1(3'%)-(,2)0",$'0("1%)-($.'

MN&#2*+$2*<(!20'##%)-(+)0(E)+#<1%1(?M!EC(82*73'),.=
0'6'#2&'0(+$(LX(W'#5$(%)(L.'(F'$.'*#+)01(?V+)(P8+77'#=(+
&*2U',$(4'43'*C:

L.'*'(%1(+(#2$(25(%)$'*)+$%2)+#(%)$'*'1$(%)(%)52*4+$%2)=($22#1=
&*2,'11'1(+)0(&*+,$%,'1($.+$(')+3#'(0',%1%2)1(4+7'*1($2
%4&#'4')$(0<)+4%,(&#+)1(+)0(4+7'(%)6'1$4')$(0',%1%2)1
")0'*(0''&("),'*$+%)$<:(H28'6'*=($.'*'(+*'(5'8('N+4&#'1
25(8.'*'(WEQQ(+)0(!;@W!(.+6'(3'')(+&&#%'0(%)(*'+#
0',%1%2)(1'$$%)-1:

Case Studies
D'(+*'(")0'*$+7%)-($82(,+1'(1$"0%'1($2($'1$($.'("1'(25
WEQQ9!;@W!(%)($+)0'4(52*(DDLQ1(%)(E2$'+*2+(F'8
G'+#+)0(52##28%)-($.'(1$'&1(2"$#%)'0(%)(T%-"*'(S:(c2$.(DDLQ1
+*'(2)(#289#<%)-(,2+1$+#(5#220&#+%)1(8%$.('#'6+$%2)1(d(S(4
+326'(4'+)(1'+9#'6'#(+)0('+,.(25($.'(DDLQ1(*'&*'1')$
1%-)%5%,+)$(#2)-9$'*4(&#+))%)-(,.+##')-'1:(M+,.(&#+)$
2&'*+$2*(&*26%0'1($.*''98+$'*1(1'*6%,'1(52*($.'%*(*'1&',$%6'
,244")%$%'1=(3"$(5+,'1("),'*$+%)$<(+1($2(.28($.'<(8%##
,2)$%)"'($2(&*26%0'($.21'(1'*6%,'1(+)0(+0+&$($.'%*(DDLQ
+.'+0(25($.'(0+4+-'(2*($.'(1$*+)0%)-(25($.'(+11'$1:(L.'<
1'*6%,'(,244")%$%'1(8%$.(%),*'+1%)-(&2&"#+$%2)1(%)(+*'+1
6"#)'*+3#'($2(,2+1$+#(5#220%)-(.+/+*01:(DDLQ(K(0%1,.+*-'1
%)$2(+)(+0U+,')$(*%6'*(2)($.'(2"$-2%)-($%0'=(')1"*%)-(0%1&'*1+#
25($*'+$'0(8+1$'8+$'*(8%$.%)(+(.+*32"*:

D2*71.2&1(8'*'(.'#0(8%$.('+,.(25($.'(&#+)$(2&'*+$2*1($2
&*23#'4(1,2&'=(+)0($2(%0')$%5<(,*%$%,+#(&2%)$1(25(%)$'*+,$%2)

;'(2&"$G4$LN98D6"$OA--$89D$0)+#',($@+2&$D+00'56"$979D*'C"$91*'+,0.$*&9,0@"&$D+',*0$*+$,"#$91*'+,0$9,7$D9*)#9P0.$9,7$6'@"0D9,
+@$91*'+,0$3@&+8$K@L.$GH<M4$GHH.$;'(2&"$QQ:J$A$0"R2",1"$+@$979D*'C"$91*'+,0$1+,0*'*2*"0$9$D9*)#9PJ

;'(2&"$S4$="R2",1"$+@$8"*)+70$20"7$',$*)'0$&"0"9&1)J

A,2&%)-
82*71.2&1

A<1$'4
4+&&%)- WEQQ

A<1$'4
420'#
?1<1$'4
0<)+4%,1
+)0(,'##"#+*
+"$24+$+C

!;@W!
?"1%)-(M!E
82*73'),.C

L*"$.%)-
82*71.2&1

@'+#(;&$%2)1
E)+#<1%1
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3'$8'')(.+/+*01(+)0($.'(%)5*+1$*",$"*':(A2,%+#(+)0(&.<1%,+#
%)0%,+$2*1(25(1<1$'4(1$*'11(+)0(&211%3#'(+0+&$+$%2)
$.*'1.2#01(8'*'(%0')$%5%'0:(E5$'*($.'(1,2&%)-(82*71.2&1=
8'(0'6'#2&'0(+(1<1$'41(0%+-*+4(?+(>"+#%$+$%6'($22#("1'0
$2(.'#&(")0'*1$+)0(+)0(4+&(+(1<1$'4=(+#12(7)28)(+1(+
1<1$'4(4+&(2*(+(,+1"+#(#22&(0%+-*+4C($2(')1"*'($.+$($.'
DDLQ(8+1(,2)1%0'*'0(8%$.%)($.'(3*2+0'*(."4+)9
')6%*2)4')$(1<1$'4(?T%-"*'(eC=(+)0(7'<(+0+&$+$%2)
$.*'1.2#01(52*('+,.(&#+)$(8'*'(%0')$%5%'0:(\)0%,+$2*1(8'*'
0'6'#2&'0($.+$(82"#0(+##28($.'(&#+)$(2&'*+$2*1($2(42)%$2*
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D'(.+6'(0'6'#2&'0($82(420'#1(52*(DDLQ(K:(\)%$%+##<(+
1<1$'4(0<)+4%,1(420'#(?+(,24&"$+$%2)+#(6'*1%2)(25($.'
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8%##(5+%#($2(+,.%'6'(%$1(2&'*+$%2)+#(23U',$%6'1=(3"$()2$(8.'*'
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")%$C:(Q#+)$(2&'*+$%)-(%)52*4+$%2)(5*24($.'(1<1$'4(0<)+4%,1
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+(0<)+4%,(+0+&$%6'(&+$.8+<1(&#+)(52*(DDLQ(I(+)0
+112,%+$'0(+11'$1(?2"$5+##(&%&'#%)'(+)0('4'*-'),<(0%1,.+*-'1C
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Future steps
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(h W%55%,"#$%'1('N%1$(52*($.*''98+$'*1(&*26%0'*1(%)(')-+-%)-
8%$.(0''&("),'*$+%)$<(3',+"1'(0%55'*')$(0'&+*$4')$1
.+6'(0%55'*')$(4+)0+$'1(-')'*+$%)-(0%55'*')$(0'1%*'0
2"$,24'1(+)0(23U',$%6'1=(+)0(3',+"1'(,"**')$(#'-%1#+$%2)
$+7'1(+(1$+$%,(+&&*2+,.(+)0(%1(-'+*'0($2(1%)-#'()"43'*1
52*(0',%1%2)(4+7%)-:(H28'6'*=($.'<(8%##()''0($2(+,$(%)
")%12)(+)0($+7'(+(0<)+4%,(+&&*2+,.($2(+00*'11(,24&#'N
%)5*+1$*",$"*'(+0+&$+$%2)(%11"'1:

(h \)$'*0'&')0'),%'1(+)0(,292*0%)+$%2)(,.+##')-'1(8%##
)''0(,2)1%0'*'0('N&#2*+$%2):(]24&#'N(&*23#'41(5+,%)-
8+$'*(%)5*+1$*",$"*'(&*26%0'*1(8%##(*'>"%*'(,22*0%)+$'0
*'1&2)1'1(5*24(4"#$%&#'(+-'),%'1(+)0(4"#$%&#'
0'&+*$4')$1(8%$.%)(+-'),%'1:(L.'1'(*'1&2)1'1()''0
1"&&2*$(5*24(*23"1$(1,%'),'(+)0(+11'114')$
4'$.202#2-%'1(1",.(+1(WEQQ9!;@W!=($2(5+,%#%$+$'
0%1,"11%2)1(+*2")0($.'(6%+3%#%$<(25($.'(,+1'(1$"0<(DDLQ1
+)0(+112,%+$'0(+11'$1:(@;E(8%##(')+3#'(1')1%$%6%$<
+)+#<1'1($2(,24&+*'($.'(6+#"'(25($.'(0%55'*')$(2&$%2)1:

(h A<1$'4(0<)+4%,1(420'##%)-(1.281("1($.'
%)$'*,2))',$%2)1(3'$8'')(0%55'*')$(&+*$1(25($.'(1<1$'4:
L.'(WEQQ9!;@W!(&*2,'11(')+3#'1("1($2($'1$($.'
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