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Abstract

A$ #$.*7$ *+#*,(-".) "/ %('"1. B(.2$- C$D*'*%*-5 -<(- (.$ ,"BE(.('%$
(,.")) ,"1+-.*$) (+# -*B$ *+-$.7(%)F G1. *+#*,(-".) '1*%# "+ ( )-.1,-1.(%
HI3 B"#$% "/ .$(% J(4$)? "1-E1- (+# 1+$BE%"5B$+- #5+(B*,)F A$ ,"B&
E1-$ "1. *+#*,(-".) /". -<*.-$$+ GKL9 ,"1+-.*$) (+# /". -J" -*B$ E$.*"#)?
(+# J$ ,"BE(.$ -<$B J*-< $D*)-*+4 *+#*,(-".) "/ %('"1. B(.2$- C$D*'*%*-5
*+ -<$ %*-$.(-1.$F M<$ B(*+ .$)1%- "/ -<$ E(E$. *) -<(- J$ #*# +"- N+# $7&
*#$+,$ "/ ( ,%")*+4 4(E *+ -$.B) "/ %('"1. B(.2$- C$D*'*%*-5 '$-J$$+ -<$
O+*-$# 6-(-$) (+# ,"+-*+$+-(% K1."E$(+ ,"1+-.*$)? (%-<"14< "1. N+#*+4)
)144$)- -<(- B$#*1B&)*:$# (+# )B(%% ,"1+-.*$) <(7$ $DE$.*$+,$# 4.$(-$.
*BE."7$B$+-) *+ -<*) .$4(.# -<(+ -<$ %(.4$ ,"1+-.*$) )*+,$ -<$ B*#&$*4<-*$)F

Abstract
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1 Introduction

U- <() '$$+ J$%% 2+"J+ )*+,$ !1+#$%% V>WX>Y -<(- %('"1. B(.2$- C$D*'*%*-5 *) (
,$+-.(% ()E$,- "/ ,1..$+,5 (.$( "E-*B(%*-5F Z$-? -<$ (,-1(% #$4.$$ "/ %('"1. B(.&
2$- C$D*'*%*-5 *+ ,"1+-.*$) /".B*+4 ( B"+$-(.5 1+*"+ 1%-*B(-$%5 #$E$+#) "+ -<$
E"%*-*,(% (,-*"+ "/ 4"7$.+B$+-)? B")-%5 (- -<$ ,"1+-.5 %$7$%F M<$ *+-$.(,-*"+ '$&
-J$$+ -<$ /".B(-*"+ "/ ( ,"BB"+ ,1..$+,5 (.$( (+# 4"7$.+B$+-[) *+,$+-*7$) -"
#$%*7$. .$/".B *) ,"BE%$D (+# +"- 5$- J$%% 1+#$.)-""#F U+ -<$ K1."E$(+ ,"+&
-$D-? 6(*+-&;(1% (+# P$+-"%*%( V>WWWY <(7$ .$,$+-%5 (.41$# -<(- -<$ K1."E$(+ (+#
!"+$-(.5 O+*"+ VK!OY *) B".$ ,"BE(-*'%$ J*-< 4.(#1(% .$/".B *+ %('"1. B(.&
2$-) -<(+ J*-< .(E*# -.(+)/".B(-*"+F A5E%"): V=@@@Y (.41$) B".$ *+/".B(%%5 -<(-
-<$ %(.4$)- K1."E$(+ ,"1+-.*$) J*%% /(,$ .$%(-*7$%5 <*4<$. '(..*$.) *+ *BE%$B$+-&
*+4 C$D*'*%*-5&$+<(+,*+4 .$/".B)F P1- -<$ $BE*.*,(% (+(%5)*) "/ -<$ *+-$.(,-*"+
'$-J$$+ ( B"+$-(.5 1+*"+ (+# -<$ *+,$+-*7$) /". )-.1,-1.(% .$/".B *+ %('"1. B(.&
2$-) *) )-*%% (+ "E$+ *))1$F U+ -<*) %*4<-? *- '$,"B$) *BE".-(+- -" B$()1.$ (+#
B"+*-". #$7$%"EB$+-) .$%(-$# -" %('"1. B(.2$- C$D*'*%*-5 *+ ,"1+-.*$) /".B*+4 (
B"+$-(.5 1+*"+F

I%-<"14< ( +1B'$. "/ B$()1.$) "/ %('"1. B(.2$- C$D*'*%*-5 (.$ (7(*%('%$ V(+
*BE".-(+- )"1.,$ /". -<*) '$*+4 -<$ GKL9[) R"') 6-1#5Y? -<$.$ *) +"- ( ,"BB"+%5
(4.$$# *+#*,(-".F M<$ %*-$.(-1.$ <() /"%%"J$# ( +1B'$. "/ #*\$.$+- (EE."(,<$)F
8*.)-? 0(5(.#? ]*,2$%%? (+# R(,2B(+ V>WW>Y E."7*#$ ( %$(#*+4 (+# E*"+$$.*+4 (E&
E."(,< -" -<$ *))1$? J<*,< '1*%#) "+ )-.1,-1.(% J(4$ (+# E.*,$ $^1(-*"+) (+# 1)$)
E."D5 7(.*('%$) "/ %('"1. B(.2$- *+)-*-1-*"+)F I )<".-,"B*+4 "/ -<*) (EE."(,< *)
*-) .$%*(+,$ "+ -<$ ^1(+-*-(-*7$ ,<(.(,-$.*)(-*"+ "/ %('"1. B(.2$- *+)-*-1-*"+) & (
#(1+-*+4 -()2? ,"+)*#$.*+4 -<$ ,"BE%$D*-5 "/ %('"1. .$41%(-*"+)F L$.-(*+ *+)-*-1&
-*"+(% ()E$,-) (.$ E(.-*,1%(.%5 <(.# -" E*+ #"J+ ^1(+-*-(-*7$%5? %*2$ -<$ ,"1.-[)
(--*-1#$ -"J(.#) #*)B*))(% E.",$#1.$) ". -<$ ,"BE%$D (+# "7$.%(EE*+4 )-.1,-1.$)
"/ ,"%%$,-*7$ '(.4(*+*+4 .$4*B$)F>

6$,"+#? E"))*'%5 -<$ B")- E.$,*)$ B$-<"# "/ B$()1.*+4 -<$ #$4.$$ "/ *+)-*-1&
-*"+(% C$D*'*%*-5 *) -" .$%5 "+ B*,."&$,"+"B*, E(+$%) (- -<$ N.B ". $BE%"5$$ %$7$% "/
#*)(44.$4(-*"+F 3$,$+- $D(BE%$) *+ -<*) 7$*+ /". K1."E$ (.$ I'"J# (+# _.(B(.:
V>WW`Y (+# P"7$.? Q(.,*(&;$.$(? (+# ;".-14(% V>WWaYF P1- -<$ %(,2 "/ ,"BE(&
.('%$ #(-( (,.")) ,"1+-.*$) *BE%*$) -<(- -<*) (EE."(,< *) E."'('%5 +"- )1b,*$+-
/". B"+*-".*+4 ,<(+4$) *+ ( %(.4$ )$- "/ ,"1+-.*$) )*B1%-(+$"1)%5 ". /". -$)-*+4
-<$".*$) .$%(-$# -" -<$ *+-$.(,-*"+ '$-J$$+ -<$ /".B(-*"+ "/ *+-$4.(-$# B(.2$-) ".
,1..$+,5 (.$() (+# -<$ *+,$+-*7$) -" 1+#$.-(2$ )-.1,-1.(% .$/".B)F

M<*.#? (+ (%-$.+(-*7$ )-.(-$45 -" B$()1.$ %('"1. B(.2$- C$D*'*%*-5 & (+# -<$
"+$ -<(- J*%% '$ /"%%"J$# *+ -<*) E(E$. & *) -" '1*%# "+ -<$ )-.1,-1.(% 7$,-". (1&
-".$4.$))*"+ V6HI3Y B$-<"#"%"45 #$7$%"E$# '5 P%(+,<(.# (+# T1(< V>WcWYF U/

>8". ( ,"BE.$<$+)*7$ #*),1))*"+ "/ -<$ #*b,1%-*$) )1.."1+#*+4 -<$ B$()1.$B$+- "/ *+)-*&
-1-*"+(% /(,-".) *+ -<$ ,"+-$D- "/ ;".-14(% (+# 6E(*+? )$$ P"7$.? Q(.,*(&;$.$(? (+# ;".-14(%
V>WWaYF

1 Introduction
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)1b,*$+- (+# .$()"+('%$ .$)-.*,-*"+) /."B ( -<$".$-*,(% B"#$% ,(+ '$ *BE")$#?
-<$ 6HI3 (EE."(,< ,"B'*+$) )-(-*)-*,(% ."'1)-+$)) *+ -<$ $)-*B(-*"+ "/ #5+(B*,
$\$,-) "/ )<",2) "+ -<$ 7(.*('%$) "/ *+-$.$)- J*-< ( )-.1,-1.(% *+-$.E.$-(-*"+ "/
-<$ )<",2) (+#? E"))*'%5? -<$ ('*%*-5 -" #*)-*+41*)< (B"+4 #*\$.$+- )"1.,$) "/
C$D*'*%*-5F UBE".-(+- (#7(+-(4$) "/ -<*) B$-<"# (.$? *+ -<$ N.)- E%(,$? -<(- *-
,*.,1B7$+-) -<$ B$()1.$B$+- E."'%$B) -<(- ,<(.(,-$.*)$ *+ 4$+$.(% -<$ (--$BE-)
-" N+# E."D*$) /". '"-< )<",2) (+# *+)-*-1-*"+(% 7(.*('%$)F 6$,"+#? *- E."7*#$) (
#*.$,- B$()1.$ "/ -<$ (,-1(% E$./".B(+,$ "/ %('"1. B(.2$-) *+ -$.B) "/ -<$ E$.&
)*)-$+,$ "/ )<",2)? J<*,< *) 1%-*B(-$%5 -<$ "'d$,- "/ *+-$.$)-F= 8*+(%%5? $)-*B(-$)
"/ C$D*'*%*-5 ,(+ '$ "'-(*+$# /."B )B(%% -" B$#*1B&)*:$# )5)-$B) -<(- 1)$ (44.$&
4(-$ ,"1+-.5 #(-(F M<*) -5E$ "/ #(-( *) 4$+$.(%%5 (7(*%('%$ (+# -<$ ,"BE(.*)"+
"/ $)-*B(-$) (,.")) ,"1+-.*$) (+# (%"+4 -*B$ *) )"B$J<(- %$)) E."'%$B(-*, -<(+
1+#$. (EE."(,<$) .$%5*+4 "+ B*,."&$,"+"B*, $7*#$+,$F

L%$(.%5? -<$ 6HI3 (EE."(,< *) +"- $D$BE- /."B %*B*-(-*"+)F U+ E(.-*,1%(.?
.$)1%-) (.$ "/-$+ )$+)*-*7$ -" -<$ *#$+-*/5*+4 .$)-.*,-*"+) *BE")$# "+ -<$ B"#$%F U+
(##*-*"+? *+)-*-1-*"+(% (+# )-.1,-1.(% ,<(+4$) *+ -<$ %('"1. B(.2$- (.$ .$C$,-$#
'"-< *+ )<",2) (+# *+ ,<(+4$) *+ -<$ E."E(4(-*"+ B$,<(+*)B? (+# -<*) %()- /$(-1.$
*) +"- $()*%5 ,(E-1.$# '5 ( ND$# E(.(B$-$. (EE."(,< )1,< () -<$ 6HI3F M<$)$
()E$,-) E"*+- -" -<$ +$$# /". $D$.,*)*+4 ( %(.4$ #$4.$$ "/ ,(1-*"+ J<$+ -.5*+4
-" $D-.(,- ,"+,%1)*"+) "+ -<$ /1+,-*"+*+4 "/ %('"1. B(.2$-) /."B 6HI3&'()$#
*+#*,(-".)? () J$%% () -<$ +$$# -" 1)$ )1,< *+#*,(-".) ,"BE%$B$+-(.*%5 J*-< "-<$.
(EE."(,<$)Fe

M<*) E(E$. E."7*#$) (+ (+(%5)*) "/ -<$ #5+(B*,) "/ .$(% J(4$)? "1-E1- (+#
1+$BE%"5B$+- /". ( 4."1E "/ >e GKL9 ,"1+-.*$) VB(*+%5 K1."E$(+Y "7$. -<$ %()-
-<.$$ #$,(#$)F M<$ (*B "/ -<$ (+(%5)*) *) -" ,<(.(,-$.*)$ ,"1+-.*$)[ %('"1. B(.2$-)
*+ -$.B) "/ .*4*#*-5 (+# "/ E$.)*)-$+,$ *+ -<$ $\$,-) "/ (44.$4(-$ )-.1,-1.(% )<",2)F

M<$ $,"+"B$-.*, -""% J$ (#"E- *) ( )-.1,-1.(% HI3 *+ -<$ 7$.)*"+ )E$,*N$#
'5 Q(B'$. (+# R"1-: V>WWeY (+# P(%B()$#(? 9"%(#"? (+# 0"E$:&6(%*#" V>WWXYF
8". $(,< "/ -<$ ,"1+-.*$) *+ "1. )(BE%$? J$ /",1) "+ -<$ *BE1%)$ .$)E"+)$ /1+,-*"+)?
(- 4*7$+ -*B$ <".*:"+)? "/ -<$ $+#"4$+"1) 7(.*('%$) & .$(% J(4$ 4."J-<? "1-E1-
4."J-< (+# -<$ 1+$BE%"5B$+- .(-$ & -" -<.$$ )-.1,-1.(% )<",2) & E."#1,-*7*-5?
%('"1. )1EE%5 (+# (44.$4(-$ #$B(+# )<",2)F M<$ -*B$ <".*:"+) (.$ ,<")$+ -"
(EE."D*B(-$ -<$ )<".-? B$#*1B (+# %"+4&.1+ $\$,-) "/ )1,< )<",2) "+ -<$ 7(.*('%$)
"/ *+-$.$)-F

A$ (.41$ -<(- -<$ %"+4&-$.B $%()-*,*-5 "/ "1-E1- J*-< .$)E$,- -" E."#1,-*7*-5
)<",2) V() B$()1.$# '5 "1. )-.1,-1.(% HI3 B"#$%Y *) ( 1)$/1% *+#*,(-". "/ %('"1.

=M<*) *) E(.-*,1%(.%5 .$%$7(+- )*+,$ )"B$ ,()$ )-1#*$) )144$)- -<(- -<$ .$%(-*"+)<*E '$-J$$+
*+)-*-1-*"+) (+# B(,."$,"+"B*, E$./".B(+,$ B(5 +"- '$ %*+$(.F 6$$? /". $D(BE%$? -<$ ,"BE(.&
*)"+) "/ ;".-14(% (+# 6E(*+ *+ P"7$.? Q(.,*(&;$.$(? (+# ;".-14(% V>WWaY (+# P%(+,<(.# (+#
R*B$+" V>WWaYF

eM<$ 6HI3 (EE."(,< -" -<$ (+(%5)*) "/ %('"1. B(.2$- <() '$$+ #$7$%"E$# $D-$+)*7$%5 *+ -<$
%*-$.(-1.$F 3$,$+- ,"+-.*'1-*"+) (.$ R*B$+" (+# 9"%(#" V>WW`Y (+# 8('*(+*? 0",(.+"? G+$-"?
(+# 6$)-*-" V=@@@YF
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B(.2$- C$D*'*%*-5? /". -<.$$ B(*+ .$()"+)F 8*.)-? '$,(1)$? "+ -<$".$-*,(% 4."1+#)?
)1,< $%()-*,*-5 ,(+ '$ )<"J+ -" #$E$+# "+ %('"1. B(.2$- *+)-*-1-*"+)F ](B$%5?
E%(1)*'%$ B"#$%) *BE%5 -<(- $,"+"B*$) J*-< 4.$(-$. *+)*#$.)[ E"J$. (+# .$+-) /$(&
-1.$ ( )B(%%$. *BE(,- "/ E."#1,-*7*-5 )<",2) 1E"+ "1-E1-F 6$,"+#? '$,(1)$ J$
N+# -<(-? /". ( )$- "/ ,"1+-.*$) (+# -*B$ )E(+)? -<*) *+#*,(-". *)? () $DE$,-$#?
+$4(-*7$%5 ,"..$%(-$# J*-< (7$.(4$ 1+$BE%"5B$+-F !".$"7$.? )1,< ( ,"..$%(-*"+
*) <*4<$. -<(+ /". "-<$. *+#*,(-".) "/ %('"1. B(.2$- .*4*#*-5F M<*.#? -<$ E*,-1.$ "/
%('"1. B(.2$- .*4*#*-5 -<(- J$ "'-(*+ J*-< "1. *+#*,(-". /". ( )(BE%$ "/ ,"1+-.*$)
*) "7$.(%% ,"+)*)-$+- J*-< .$,$*7$# 2+"J%$#4$F U+ E(.-*,1%(.? J$ N+# ( )*:$('%$ 4(E
'$-J$$+ -<$ #$4.$$ "/ C$D*'*%*-5 *+ -<$ O+*-$# 6-(-$) (+# ,"+-*+$+-(% K1."E$(+
,"1+-.*$)? J*-< -<$ O+*-$# _*+4#"B '$*+4 *+ ( B*##%$ 4."1+#F A$ N+# B".$"7$.
+" $7*#$+,$ -<(- -<*) C$D*'*%*-5 4(E <() +(.."J$# )*+,$ -<$ B*#&$*4<-*$)F 8*+(%%5?
J$ N+# -<(-? (B"+4 -<$ ,"+-*+$+-(% K1."E$(+ ,"1+-.*$)? "+%5 B$#*1B&)*:$# (+#
)B(%% "+$) VE(.-*,1%(.%5 -<$ ]$-<$.%(+#)? 6E(*+ (+# 8*+%(+#Y <(7$ )$$+ ( )1')-(+&
-*(% *BE."7$B$+- *+ C$D*'*%*-5? J<$.$() -<$ %(.4$. "+$) VE(.-*,1%(.%5 8.(+,$ (+#
U-(%5Y <(7$ +"-F

M<$ E(E$. *) ".4(+*)$# () /"%%"J)F 6$,-*"+ = *+-."#1,$) -<$ /".B(% /.(B$J".2
"+ J<*,< -<$ *#$+-*N,(-*"+ .$)-.*,-*"+) (.$ '()$#F 6$,-*"+ e #$),.*'$) -<$ *#$+-*&
N,(-*"+ "/ -<$ )-.1,-1.(% HI3? -<$ #(-( 1)$# (+# E.$%*B*+(.5 .$)1%-)F M<$ B(*+
.$)1%-) (.$ *+ 6$,-*"+ fF 6$,-*"+ a #*),1))$) -<$ ,"BE(.*)"+ "/ "1. *+#*,(-".) J*-<
$D*)-*+4 *+#*,(-".) *+ -<$ %*-$.(-1.$F 6$,-*"+ X ,"+,%1#$)F

2 The model

U+ ".#$. -" #$.*7$ B"#$%&'()$# *+#*,(-".) "/ %('"1. B(.2$- C$D*'*%*-5 J$ /"%%"J
-<$ B"#$%%*+4 )-.(-$45 "/ P%(+,<(.# V>WW@Y? H*+(%) (+# R*B$+" V>WWcY (+# 9"%(#"
(+# 0"E$:&6(%*#" V>WWXYF M<$ %(--$. %(5 "1- ( )*BE%$ (44.$4(-$ )1EE%5g(44.$4(-$
#$B(+# B"#$% /."B J<*,< ( )-.1,-1.(% HI3 )E$,*N,(-*"+ *) #$.*7$#F M<$ B(*+
-<.1)- "/ -<$ B"#$% *) *-) *BE%*,(-*"+) "+ -<$ %"+4&-$.B $\$,-) "/ )-.1,-1.(% )<",2)
"+ .$(% J(4$)? "1-E1- (+# 1+$BE%"5B$+-F U+ E(.-*,1%(.? *- *) )<"J+ -<(- J(4$)
#$E$+# *+ -<$ %"+4 .1+ "+ "+$ -5E$ "/ )<",2 "+%5? J<*,< )<"1%# '$ *+-$.E.$-$# ()
( -$,<+"%"4*,(% ". E."#1,-*7*-5 )<",2F G1-E1- *) #$-$.B*+$# *+ -<$ %"+4 .1+ '5
-J" -5E$) "/ )<",2h E."#1,-*7*-5 )<",2) (+# ( )$,"+# )<",2? J<*,< *) %*+2$# -"
#$B(+# /(,-".)Ff 8*+(%%5? %"+4&-$.B 1+$BE%"5B$+- *) #$-$.B*+$# '5 *+)-*-1-*"+(%
,<(.(,-$.*)-*,) (+# +"- '5 $*-<$. "/ -<$ -<.$$ )-.1,-1.(% )<",2)F

fM<$ -<$".$-*,(% /.(B$J".2 *+ 6(*+-&;(1% (+# P$+-"%*%( V=@@@Y? B(5 '$ 1)$# -" 5*$%# )*B*%(.
*#$+-*N,(-*"+ .$)-.*,-*"+) -" -<$ "+$) *+ -<*) )$,-*"+F U+ -<*) (%-$.+(-*7$ )$--*+4? .$(% J(4$) (.$
#$-$.B*+$# '5 E."#1,-*7*-5 *+ -<$ %"+4 .1+F !".$"7$.? *+ 6(*+-&;(1% (+# P$+-"%*%( V=@@@Y "1-E1-
*) )<"J+ -" #$E$+# "+ E."#1,-*7*-5 )<",2) (+# -<$ .$+- q /."B '$*+4 $BE%"5$# "/ (+ *+)*#$.?
J<$.$ -<$ %(--$. #"$) +"- (\$,- J(4$) *+ -<$ %"+4 .1+F U/ -<$ .$+- q *) )1'd$,- -" )<",2) "7$.
-*B$ (+# */ -<$ B"#$% *) $D-$+#$# -" <(7$ ( ,"+)-(+- ]IU3O? -<*) /.(B$J".2 J"1%# )1EE".- ()
J$%% "1. *#$+-*N,(-*"+ .$)-.*,-*"+)F

2 The model
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6E$,*N,(%%5? ,"+)*#$. -<$ /"%%"J*+4 )$-&1EF 0$- !" #" $" % (+# & '$ -<$ %"4 "/?
.$)E$,-*7$%5? "1-E1-? -<$ Q9; #$C(-".? -"-(% $BE%"5B$+-? +"B*+(% J(4$) (+#
-"-(% %('"1. /".,$F 0$- ' '$ -<$ 1+$BE%"5B$+- .(-$F M<$ B"#$% *) )1BB(.*)$# *+
-<$ /"%%"J*+4 )*D $^1(-*"+)h

!!" ! (!" " #!" V>Y

!!" ! $!" " )!" V=Y

#!" ! %!" " )!" VeY

&!" ! * #%!" " #!"$ " + !" VfY

%!" !
!
% % ,

"
$!"!""1 # %

#
! -!&!""1" #&" -!$$!""1

$
VaY

'!" ! &!" " $!" VXY

J<$.$ . *) -*B$ (+# / *) ( ,"1+-.5 *+#$DF M<$ 7(.*('%$) )"( (+# + (.$ /1+,-*"+)
"/ -<$ )<",2) -" -<$ )5)-$Bh ) (44.$4(-$) E."#1,-*7*-5 )<",2) 0#? + (,,1B1%(-$)
)<",2) -" %('"1. E(.-*,*E(-*"+ 0$? (+# ( .$)1%-) "/ )<",2) -" (44.$4(-$ #$B(+#
0%F M<$)$ -<.$$ 7(.*('%$) (.$ ())1B$# -" /"%%"J ( .(+#"B J(%2 E.",$)) J*-< #.*/-F
A$ <(7$h )!" ! 1& " )!""1" 0

#
!"? (!" ! 1' "(!""1" 0%!" (+# + !" ! 1( " + !""1" 0

$
!"F

8*+(%%5? 0)!"" *) /2/23 /". 4 ! 5" 3" &F

K^1(-*"+ V>Y *) -<$ (44.$4(-$ #$B(+# /1+,-*"+F V=Y *) ( ,"+)-(+- .$-1.+) -"
),(%$ (44.$4(-$ E."#1,-*"+ /1+,-*"+F VeY *) -<$ E.*,*+4 .1%$F I44.$4(-$ %('"1.
B(.2$- E(.-*,*E(-*"+ *) #$),.*'$# '5 VfYF

K^1(-*"+ VaY ,(E-1.$) J(4$ /".B(-*"+F ,
"
$!"!""1 # %

#
*) $DE$,-$# $BE%"5B$+-

*+ ,"1+-.5 / (+# E$.*"# . () "/ E$.*"# . " &F M<$ $DE$,-(-*"+ *) ,"+#*-*"+(% "+
+"B*+(% J(4$) E(*# *+ E$.*"# .? -<(- (.$ +$4"-*(-$# (- . " &F A<$+ -! *) $^1(%
-" :$." 1+*"+) )$- J(4$) 1+#$. .(-*"+(% $DE$,-(-*"+)? )" () -" B(2$ $DE$,-$#
$BE%"5B$+- +$D- E$.*"# $^1(% -" .$(%*)$# $BE%"5B$+- -<*) E$.*"#F M<*) *) -<$
,()$ "/ /1%% %('"1. B(.2$- .*4*#*-5 J<$.$ *+)*#$.) ,<"")$ J(4$) (+# J<$.$ -<$
%('"1. B(.2$-? *+ $DE$,-(-*"+? #"$) +"- ,%$(.F A<$+ -! ! &" $^1*%*'.*1B J(4$)
(.$ $DE$,-$# -" ,%$(. -<$ B(.2$-F O+*"+) <(7$ +" E"J$. *+ -<*) ,()$ "/ /1%% %('"1.
B(.2$- C$D*'*%*-5F -! $ #'" &$ (.$ *+-$.B$#*(-$ ,()$)F O+*"+)[ E"J$.? B$()1.$# '5
-"1! ? *) -<$ B(*+ #*B$+)*"+ "/ %('"1. B(.2$- C$D*'*%*-5 *+ "1. )$--*+4F

8*+(%%5? VXY *) (+ (,,"1+-*+4 *#$+-*-5 "/ -<$ %('"1. .$%(-$# 7(.*('%$)F

]"-*,$ -<(- J$ (.$ ())1B*+4 ( #(-( 4$+$.(-*+4 E.",$)) J<$.$ ,"1+-.*$) (.$
)1'd$,- -" *#*")5+,.(-*, )<",2) 0)!" '1- (.$ ,<(.(,-$.*)$# '5 )*B*%(. /1+#(B$+-(%)
V-<$ #*)-.*'1-*"+ "/ )<",2) (+# -<$ $%()-*,*-5 *Y? $D,$E- /". -<$ ,()$ "/ %('"1. B(.&
2$- *+)-*-1-*"+)F S$+,$? -<$ #$4.$$ "/ 1+*"+)[ E"J$. -"1! 7(.*$) (,.")) ,"1+-.*$)F
M<*) )$-&1E ,(E-1.$) -<$ E.*". -<(- %('"1. B(.2$- *+)-*-1-*"+) (.$ (+ *BE".-(+-
)"1.,$ "/ <$-$."4$+$*-5 *+ *+#1)-.*(% $,"+"B*$)F

U- *) )-.(*4<-/".J(.# -" #$.*7$ -<$ 7$,-". )-",<()-*, E.",$)) "/ -<$ $+#"4$+"1)
7(.*('%$) "/ *+-$.$)- ##%!" " #!"$" !!"" '!"$ () ( /1+,-*"+ "/ -<$ )-.1,-1.(% )<",2)F 0$-
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6! % &" -!h
%!" " #!" ! 1& " )!""1" 0

#
!" V`Y

!!" " 6!!!""1 ! 0#!" " -! #& " *$ )!""1" -!+ !""1" 0
%
!" VcY

'!" " 6!'!""1 !
"
*1& " 1( " *0

#
!" " 0

$
!" " 0%!"

#
VWY

8."B V`Y .$(% J(4$) #$E$+# "+ E."#1,-*7*-5 )<",2) "+%5F VcY *BE%*$) -<(- "1-&
E1- *) +"- (\$,-$# *+ -<$ %"+4 .1+ '5 (44.$4(-$ #$B(+# )<",2)F 8."B VWY (%%
)<",2) <(7$ -.(+)*-".5 $\$,-) "+ 1+$BE%"5B$+-? J<*,< /(#$ (J(5 *+ -<$ %"+4 .1+F
S$+,$ -<$ B"#$% *%%1)-.(-$) <"J -<$ %"+4&.1+ *#$+-*N,(-*"+ .$)-.*,-*"+) *+-."#1,$#
(- -<$ )-(.- "/ -<*) )$,-*"+ B(5 "E$.(-$ (+# B".$"7$. *- )<"J) <"J *+)-*-1-*"+(%
,<(.(,-$.*)-*,) #$-$.B*+$ -<$ B$#*1B (+# %"+4&.1+ (#d1)-B$+-) "/ 7(.*('%$) -"
)<",2)F U+ E(.-*,1%(.? -<$ E(.(B$-$. 6! ,(E-1.$) -<$ E$.)*)-$+,$ "/ )<",2) "+ "1-&
E1- (+# 1+$BE%"5B$+-i -<(- *)? %('"1. B(.2$- .*4*#*-*$) *+,.$()$ -<$ E$.)*)-$+,$
"/ )<",2) *+ -<$ $,"+"B5F

M<$ 1+,"+#*-*"+(% $DE$,-(-*"+ "/ 1+$BE%"5B$+- #*\$.) (,.")) ,"1+-.*$) (+#
*) 4*7$+ '5h

, #'!$ !
*1& " 1(
-!

V>@Y

L%$(.%5? $DE$,-$# 1+$BE%"5B$+- *+,.$()$) J*-< %('"1. B(.2$- .*4*#*-*$)F

8."B V`Y&VWY J$ #$.*7$ -<$ #5+(B*, $\$,-) "/ -<$ )-.1,-1.(% )<",2) "+ -<$
$+#"4$+"1) 7(.*('%$)F 0$- 7*)#8 $ '$ -<$ $%()-*,*-5 "/ 7(.*('%$ 9 J*-< .$)E$,- -" (
)<",2 4 (/-$. 8 ^1(.-$.)F M<$ $%()-*,*-5 "/ "1-E1- J*-< .$)E$,- -" E."#1,-*7*-5
)<",2) (/-$. 8 E$.*"#) (+# *+ -<$ %"+4 .1+ V8 &'Y? .$)E$,-*7$%5? (.$h

7+##8 $ ! 6,! "
&" 6,!
&" 6!

(-! #& " *$" &) V>>Y

7+##'$ ! *" &

-!
V>=Y

M<$ $\$,- "/ %('"1. )1EE%5 )<",2) "+ 1+$BE%"5B$+- (+# -<$ ,"..$)E"+#*+4
,1B1%(-$# $\$,- (/-$. 8 ^1(.-$.) (.$h

7-$ #8 $ ! 6,"1! V>eY

:7-$ #8 $ %
,%
"=1

7-$ #.$ !
&" 6,!
&" 6!

V>fY

*F$F? 7-$ #8 $ (+# -<$ ,1B1%(-$# $\$,- :7
-
$ #8 $ #$E$+# V*+,.$()*+4%5Y "+ %('"1. B(.2$-

.*4*#*-5F

M<$)$ $%()-*,*-*$) <(7$ ( )-.1,-1.(% *+-$.E.$-(-*"+? (%-<"14< -<$.$ *) +"- ( "+$
-" "+$ B(EE*+4 '$-J$$+ -<$B (+# -<$ E(.(B$-$.) "/ -<$ B"#$%F U+ E(.-*,1%(.?
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)*+,$ -! *) (+ *+#$D "/ %('"1. B(.2$- C$D*'*%*-5 V". (%-$.+(-*7$%5 6! *) (+ *+#$D
"/ .*4*#*-5Y? *+,.$()$) *+ C$D*'*%*-5 -$+# -" *+,.$()$ -<$ %"+4&-$.B $%()-*,*-5 "/
"1-E1- J*-< .$)E$,- -" E."#1,-*7*-5 )<",2)F U+,.$()$) *+ C$D*'*%*-5 J*%% #$,.$()$
-<$ $%()-*,*-5 "/ 1+$BE%"5B$+- J*-< .$)E$,- -" %('"1. )1EE%5 )<",2)F

O+#$. -<$ ())1BE-*"+ "/ <$-$."4$+$*-5 *+ ,"1+-.*$)[ %('"1. B(.2$- *+)-*-1-*"+)?
-<$ $\$,-) 7+##'$? 7-$ #8 $ (+# :7-$ #8 $ (.$ ,(+#*#(-$ *+#*,$)? .$)E$,-*7$%5? "/ %('"1.
B(.2$- C$D*'*%*-5 (+# .*4*#*-5? )*+,$ -<$*. 7(%1$ #$E$+#) "+ -<$ E$.)*)-$+,$ "/
)-.1,-1.(% )<",2) "+ "1-E1- (+# 1+$BE%"5B$+-F !".$"7$.? (%-<"14< -<$ $%()-*,*-5
"/ .$(% J(4$) J*-< .$)E$,- -" %('"1. )1EE%5 )<",2) *+ -<$ )<".- (+# B$#*1B -$.B
*) +"- .$)-.*,-$# '5 -<$ B"#$%? -<*) $%()-*,*-5 *) (+ "'7*"1) (##*-*"+(% ,(+#*#(-$
-" B$()1.$ .$(% J(4$ .*4*#*-*$)Fa

M<$ ('"7$ #*),1))*"+ <() ( +1B'$. "/ $BE*.*,(% *BE%*,(-*"+)F M<$ N.)- "+$ *)
-<(- *- )144$)-) -<$ *+-$.E.$-('*%*-5 "/ -<$ $%()-*,*-*$) () *+#*,$) "/ %('"1. B(.2$-
.*4*#*-*$)F M<$ )$,"+# *BE%*,(-*"+ *) -<(- -<$ B"#$% .$)-.*,-) -<$ )*4+ "/ -<$ ,"..$&
%(-*"+ '$-J$$+ -<$)$ $%()-*,*-*$) (+# (7$.(4$ 1+$BE%"5B$+- .(-$) (,.")) ,"1+-.*$)F
M<*) /"%%"J) #*.$,-%5 /."B -<$ ,"BE(.*)"+ "/ V>@Y? V>=Y? V>eY (+# V>fYh () C$D*&
'*%*-5 V-!Y *+,.$()$)? -<$ $DE$,-$# 1+$BE%"5B$+- .(-$ #$,.$()$)? -<$ $\$,- 7+##'$
*+,.$()$) (+# -<$ -$.B) 7-$ #8 $ (+# :7

-
$ #8 $ #$,.$()$F

U+ )1BB(.5? J$ <(7$ -<(-h

>F L"1+-.*$) J*-< .*4*# %('"1. B(.2$-) (.$ ,<(.(,-$.*)$# '5 ( )B(%% %"+4&-$.B
$%()-*,*-5 "/ "1-E1- J*-< .$)E$,- -" E."#1,-*7*-5 )<",2)F !".$"7$.? )*+,$
%('"1. B(.2$- .*4*#*-5 *BE%*$) <*4<$. (7$.(4$ 1+$BE%"5B$+-? -<$.$ )<"1%#
'$ ( +$4(-*7$ ,"..$%(-*"+ '$-J$$+ -<*) $%()-*,*-5 (+# (7$.(4$ 1+$BE%"5B$+-
(,.")) ,"1+-.*$)F

=F M<$ )<".- (+# B$#*1B&-$.B $%()-*,*-*$) "/ 1+$BE%"5B$+- J*-< .$)E$,- -"
%('"1. )1EE%5 )<",2) (.$ *+#*,(-".) "/ %('"1. B(.2$- .*4*#*-*$)F U+ (##*-*"+?
J$ $DE$,- ( E")*-*7$ ,"..$%(-*"+ '$-J$$+ -<$ $\$,- "/ %('"1. )1EE%5 )<",2)
"+ 1+$BE%"5B$+- (+# (7$.(4$ 1+$BE%"5B$+-F

eF L"1+-.*$) J*-< <*4<$. .$(% J(4$ .*4*#*-5 )<"1%# <(7$ ( )B(%%$. )<".- (+#
B$#*1B&-$.B $%()-*,*-5 "/ J(4$) J*-< .$)E$,- -" %('"1. )1EE%5 )<",2)F M<*)
$%()-*,*-5 )<"1%# '$ E")*-*7$%5 ,"..$%(-$# J*-< (7$.(4$ 1+$BE%"5B$+- (,."))
,"1+-.*$)F

U+ -<$ /"%%"J*+4 )$,-*"+) J$ ,"BE1-$ () ( N.)- )-$E -<$ #*),1))$# $%()-*,*-*$)
/". $(,< ,"1+-.5? (+# -<$ ,"..$%(-*"+ '$-J$$+ -<$B (+# (7$.(4$ 1+$BE%"5B$+-F
A$ -<$+ #*),1)) *+ B".$ #$-(*% -<$ ,"BE(.*)"+ "/ -<$ .$)1%-) (,.")) ,"1+-.*$) (+#
-<$*. ,<(+4$) "7$. -*B$F

aM<$ B"#$%&'()$# *+#$D "/ J(4$ .*4*#*-5 <() '$$+ E."E")$# *+ H*+(%) (+# R*B$+" V>WWcYF
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3 Empirical implementation

3.1 The structural VAR model

U+ ".#$. -" -$)- -<$ $BE*.*,(% *BE%*,(-*"+) "/ -<$ B"#$% ('"7$? J$ ,"+)*#$. ( B1%&
-*7(.*(-$ )5)-$B J*-< -<.$$ $+#"4$+"1) 7(.*('%$) (+# +" $D"4$+"1) 7(.*('%$)F M<$
-<.$$ 7(.*('%$) *+,%1#$# (.$ -<$ V^1(.-$.%5Y .(-$ "/ 4."J-< "/ .$(% J(4$)?*#% " #$?
-<$ ^1(.-$.%5 4."J-< .(-$ "/ "1-E1-? *!? (+# -<$ ^1(.-$.%5 1+$BE%"5B$+- .(-$?
'F 0$- !" ! #* #% " #$" "*!"" '"$# '$ -<$ 7$,-". "/ *+-$.$)- (+# %$- "" !

&
0#" " 0

$
"" 0

%
"

'#
'$ -<$ 7$,-". "/ )-.1,-1.(% )<",2) -" E."#1,-*7*-5? %('"1. )1EE%5? (+# (44.$4(-$
#$B(+# .$)E$,-*7$%5F M<$ )-.1,-1.(% B"7*+4 (7$.(4$ .$E.$)$+-(-*"+ "/ -<$ )5)-$B
*) 4*7$+ '5h

!" !
$%
.=0

#.""". V>aY

M<$ ,"$b,*$+-) *+ V>aY (.$ +"- *#$+-*N$# (+# ,(++"- '$ $)-*B(-$# J*-<"1-
(##*-*"+(% ())1BE-*"+)F M<$ -<$".$-*,(% B"#$% *+ -<$ E.$7*"1) )$,-*"+ 5*$%#) -<.$$
%"+4&-$.B .$)-.*,-*"+) -<(- (.$ )1b,*$+- -" d1)-&*#$+-*/5 -<$ B"#$%F 6-$(#5&)-(-$
.$(% J(4$) (.$ 4"7$.+$# '5 E."#1,-*7*-5 )<",2) "+%5F G1-E1- #$E$+#) *+ -<$ %"+4
-$.B "+ E."#1,-*7*-5 )<",2) (+# "+ )<",2) -" %('"1. )1EE%5? '1- +"- "+ #$B(+#
)<",2)FX M<$ *#$+-*/5*+4 .$)-.*,-*"+) *BE%5 -<(- -<$ B(-.*D "/ %"+4&-$.B $%()-*,*-*$)
##&$ !

($
.=0 #. *) ( %"J$.&-.*(+41%(. B(-.*Dh

##&$ !

)* ;11#&$ ' '
;21#&$ ;22#&$ '
;31#&$ ;32#&$ ;33#&$

+,
I) $DE%(*+$# *+ -<$ E.$7*"1) )$,-*"+? J$ J*%% /",1) "+ -<$ $)-*B(-$# %"+4&.1+

$%()-*,*-5 "/ "1-E1- -" )1EE%5 )<",2)? -<(- *)? ;21#&$ ! 7+# /". >e ,"1+-.*$) (+#
#*\$.$+- -*B$ <".*:"+)F !".$"7$.? J$ J*%% ,"+)*#$. -<$ B$#*1B&.1+ $%()-*,*-5 "/
1+$BE%"5B$+- (+# .$(% J(4$) -" %('"1. )1EE%5 )<",2)F

I) B$+-*"+$# *+ -<$ *+-."#1,-*"+? -<$ B$-<"#"%"4*,(% (EE."(,< J$ (#"E- <$.$
<() ( +1B'$. "/ (#7(+-(4$) () J$%% () ,%$(. #.(J'(,2)F A$ '$%*$7$ -<(- -<$
B")- .$%$7(+- (#7(+-(4$ "/ (EE%5*+4 )-.1,-1.(% HI3 -$,<+*^1$) -" -<$ (+(%5)*)
"/ %('"1. B(.2$-) *) -<(- *- E(.-%5 (7"*#) -<$ B$()1.$B$+- *))1$) J<*,< "/-$+
,<(.(,-$.*)$ (%-$.+(-*7$ B$-<"#"%"4*$) )1,< ()? /". $D(BE%$? -<$ 0(5(.#&]*,2$%%
-5E$ "/ (EE."(,<F I ,%$(. B(EE*+4 '$-J$$+ )*+4%$ B$()1.('%$ 7(.*('%$) (+# %('"1.
B(.2$- /$(-1.$) J<*,< (.$ -<"14<- -" '$ .$%$7(+- /". 1+#$.)-(+#*+4 1+$BE%"5B$+-
E(--$.+) *) *+ /(,- "/-$+ #*b,1%- '$,(1)$ "/ -<$ ,"BE%$D*-5 (+# -<$ %(.4$ +1B'$.
"/ -<$)$ /$(-1.$) -<$B)$%7$)F G+ -<$ "-<$. <(+#? -<$ )$+)*-*7*-5 "/ -<$ .$)1%-) -"

XM<$)$ *#$+-*N,(-*"+ ())1BE-*"+) <(7$ '$$+ (#"E-$# /". O6 #(-( '5 Q(B'$. (+# R"1-:
V>WWeYF

3 Empirical implementation

3.1 The structural VAR model
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-<$ )E$,*N, .$)-.*,-*"+) *BE")$# -" -<$ B"#$% *+ ".#$. -" *#$+-*/5 -<$ )-.1,-1.(%
)<",2) & J<*,< *) ( %*B*-(-*"+ "/ -<$ 6HI3 (EE."(,< & E"*+-) -" -<$ +$$# "/ '$*+4
,(1-*"1) "+ -<$ $BE*.*,(% $7*#$+,$ E."7*#$# *+ -<$ .$B(*+#$. "/ -<*) E(E$.F

3.2 The data

9(-( (.$ )$()"+(%%5 (#d1)-$# ^1(.-$.%5 -*B$ )$.*$) /". -<$ %"+4$)- (7(*%('%$ E$.*"#
/". $(,< ,"1+-.5? ,"7$.*+4 ( .(+4$ )E(++*+4 /."B -<$ '$4*++*+4 "/ -<$ )*D-*$) -"
-<$ )$,"+# ^1(.-$. "/ >WWWF U+ ".#$. -" <(7$ -<$ B(D*B1B #$4.$$ "/ <"B"4$+$*-5
)1,< )$.*$) <(7$ B(*+%5 '$$+ -(2$+ /."B -<$ GKL9 #(-('()$) !(*+ K,"+"B*,
U+#*,(-".) V!KUY (+# T1(.-$.%5 ](-*"+(% I,,"1+-) VT]IYF S"J$7$.? J<$.$ +$,&
$))(.5? "-<$. )"1.,$) <(7$ (%)" '$$+ 1)$#? +(B$%5 -<$ PU6 #(-('()$ (+# #(-(
E."7*#$# '5 ](-*"+(% L$+-.(% P(+2)F

G1-E1- *) -<$ )$()"+(%%5 (#d1)-$# )$.*$) "/ -"-(% Q9; '5 $DE$+#*-1.$ (- ,"+&
)-(+- E.*,$) /."B](-*"+(% I,,"1+-) ,"+-(*+$# *+ -<$ !KU #(-('()$F 8". Q$.B(+5?
8.(+,$? 6J$#$+ (+# ;".-14(% -<$ )$.*$) (.$ /."B -<$ T]I #(-('()$F

M<$ E.*,$ %$7$% *) -<$ )$()"+(%%5 (#d1)-$# )$.*$) "/ Q9; #$C(-". /."B ](-*"+(%
I,,"1+-) ,"+-(*+$# *+ -<$ !KU #(-('()$F 8". Q$.B(+5? 6J$#$+ (+# ;".-14(% -<$
)$.*$) (.$ /."B -<$ T]I #(-('()$F

M<$ .(-$ "/ 1+$BE%"5B$+- *) -<$ )$()"+(%%5 (#d1)-$# )-(+#(.#*:$# -"-(% 1+&
$BE%"5B$+- .(-$ ,"BE1-$# '5 K1.")-(- & /."B -<$ !KU #(-('()$ & /". ;".-14(%?
R(E(+? L(+(#(? (+# -<$ O6F U- *) -<$ )$()"+(%%5 (#d1)-$# .(-$ ,"BE1-$# '5 +(&
-*"+(% )"1.,$) () ( E$.,$+-(4$ "/ -<$ -"-(% %('"1. /".,$ /". Q$.B(+5? 8*+%(+#?
6J$#$+? -<$ O_? 6E(*+ (+# 8.(+,$F U+ -<$ ,()$ "/ U-(%5 -<$ )$.*$) -(2$) *+-"
(,,"1+- & -<."14< (#d1)-B$+-) E$./".B$# '5 P(+,( #[U-(%*( & .$%$7(+- ,<(+4$) ",&
,1..$# *+ >WW= *+ -<$ %('"1. /".,$ )1.7$5? J<*%$ /". I1)-.*( -<$ .(-$ *) ,"BE1-$#
'5 +(-*"+(% )"1.,$) () ( E$.,$+-(4$ "/ -<$ #$E$+#$+- %('"1. /".,$F 8*+(%%5? /".
-<$ ]$-<$.%(+#) -<$ )$.*$) *) /."B -<$ PU6 #(-('()$ (+# .$E.$)$+-) -<$ )$()"+&
(%%5 (#d1)-$# 1+$BE%"5B$+- .(-$ ,"BE1-$# '5 -<$ ](-*"+(% L$+-.(% P(+2 () -<$
+1B'$. "/ .$4*)-$.$# 1+$BE%"5$# () ( E$.,$+-(4$ "/ -<$ -"-(% %('"1. /".,$F`

A(4$ .(-$) (.$ /."B -<$!KU #(-('()$ (+# 4$+$.(%%5 .$/$. -" -<$ B(+1/(,-1.*+4
)$,-". "+%5h <"1.%5 $(.+*+4) /". Q$.B(+5? 8*+%(+#? 6J$#$+? L(+(#(? -<$ O6 (+#
8.(+,$i <"1.%5 J(4$ .(-$) /". U-(%5 (+# -<$ ]$-<$.%(+#)i J$$2%5 $(.+*+4) /". -<$
O_? B"+-<%5 $(.+*+4) /". R(E(+F M<$ "+%5 $D,$E-*"+) (.$ 6E(*+? J<$.$ -<$ #(-(
.$/$. -" <"1.%5 $(.+*+4 *+ (%% (,-*7*-*$)? (+# I1)-.*(? J<$.$ -<$5 .$/$. -" -<$
B*+*+4 (+# B(+1/(,-1.*+4 )$,-".F M<$ -*B$ )$.*$) /". ;".-14(% #$.*7$) /."B #(-(
$%('".(-$# '5 P(+," #$ ;".-14(%F I%% )$.*$) (.$ )$()"+(%%5 (#d1)-$#F

`M<$ %('"1. /".,$ 1+#$.%5*+4 -<$ ,(%,1%(-*"+ *) (#d1)-$# "+,$ E$. 5$(. (+# 2$E- ,"+)-(+-
"7$. >= B"+-<)i -<$ #(-( "+ .$4*)-$.$# 1+$BE%"5B$+- (.$ $)-*B(-$) "/ -<$ PL6 '()$# 1E"+ -<$
.$4*)-.(-*"+ "/ -<$ E1'%*, %('"1. "b,$) (+# -<$ %('"1. /".,$ )1.7$5F

3.2 The data



15ECB Working Paper No 57 � April 2001

3.3 VAR specification and estimation

M<$ $)-*B(-*"+ "/ -<$ B"#$% #$),.*'$# *+ )$,-*"+ eF> .$^1*.$) -<$ ())1BE-*"+
"/ )-(-*"+(.*-5 "/ -<$ $+#"4$+"1) 7(.*('%$)F 8". -<*) E1.E")$? -<$ N.)- )-$E "/
-<$ $BE*.*,(% (+(%5)*) <() '$$+ -" E.$&-$)- -<$ .$%$7(+- -*B$ )$.*$) *+ ".#$. -"
4(*+ ( ,%$(. 1+#$.)-(+#*+4 "/ -<$ )-(-*)-*,(% E."E$.-*$) "/ -<$ #(-(F A$ <(7$ .1+
( '(--$.5 "/ E.$%*B*+(.5 1+*-&.""- -$)-) "+ V-<$ %"4 "/Y .$(% J(4$)? "1-E1- (+#
-<$ 1+$BE%"5B$+- .(-$ (+# )-(+#(.# ,"*+-$4.(-*"+ -$)-)F A$ <(7$ E$./".B$#
-<$ (14B$+-$# 9*,2$5&81%%$. -$)-? -<$ )$B*&E(.(B$-.*, ;<*%%*E)&;$.."+ -$)- (+#
1+*-&.""- -$)-) (%%"J*+4 /". -<$ E.$)$+,$ "/ )-.1,-1.(% '.$(2) *+ -<$ B$(+ "/ -<$
7(.*('%$)F I) /". -<$ %(--$.? J$ <(7$ /"%%"J$# '"-< -<$ E.",$#1.$ )144$)-$# '5
;$.."+ V>WW`Y (+# -<$ "+$ E."E")$# '5 j*7"- (+# I+#.$J) V>WW=Y? J<*,< (%%"J
-<$ -*B*+4 "/ -<$ )<*/- *+ B$(+ +"- -" '$ ND$# ( E.*".*F

M<$ .$)1%-) )<"J -<(- *+ +" ,()$ *- *) E"))*'%$ -" .$d$,- -<$ <5E"-<$)*) -<(- -<$
.$(% J(4$ (+# "1-E1- (.$ UV>Y (."1+# ( %*+$(. -.$+#F I) /". -<$ 1+$BE%"5B$+- .(-$?
.$)1%-) (.$ %$)) ,%$(.&,1-F I%-<"14< /". B")- ,"1+-.*$) -<$ )-(+#(.# 9*,2$5&81%%$.
(+# ;<*%%*E)&;$.."+ -$)-) #" +"- (%%"J -" .$d$,- -<$ <5E"-<$)*) "/ ( 1+*- .""- *+
-<$ (')$+,$ "/ ( %*+$(. -.$+#? -<$ .$)1%-) "/ ;$.."+ V>WW`Y (+# j*7"- (+# I+#.$J)
V>WW=Y -$)-) E."7*#$ )"B$ $7*#$+,$ )1EE".-*+4 -<$ <5E"-<$)*) -<(- -<$ 4$+$.(-*+4
E.",$)) /". -<$ 1+$BE%"5B$+- .(-$ -*B$ )$.*$) *+7"%7$) )-(-*"+(.5 C1,-1(-*"+)
(."1+# ( )<*/-*+4 B$(+ *+ 7*.-1(%%5 (%% -<$ $,"+"B*$) ,"+)*#$.$#F M<$)$ -$)-)
(%%"J -<$ -*B*+4 "/ )1,< ( )<*/- -" '$ $+#"4$+"1)%5 #$-$.B*+$# (+# <$+,$ -" '$
#*\$.$+- (,.")) ,"1+-.*$)Fc

U+ -<$ N+(% )E$,*N,(-*"+ "/ "1. )5)-$B? <$+,$? J$ <(7$ B"#$%%$# -<$ .$(% J(4$
(+# "1-E1- *+ N.)- #*\$.$+,$) (+# -<$ 1+$BE%"5B$+- .(-$ *+ %$7$%)? (/-$. k#$&
B$(+*+4k *- V*F$F (/-$. .$B"7*+4 ( )<*/-*+4 B$(+Y J<$.$ +$,$))(.5F

U+ ".#$. -" <(7$ -<$ B(D*B1B #$4.$$ "/ <"B"4$+$*-5 -" $+('%$ 1) -" *+-$.E.$-
(+# ,"BE(.$ -<$ .$)1%-) (,.")) (%% -<$ ,"1+-.*$) *+,%1#$# *+ "1. )(BE%$? J$ <(7$
-.*$# -" 2$$E -<$ )E$,*N,(-*"+ "/ -<$ B"#$%) () )*BE%$ () E"))*'%$? *BE")*+4 -<$
B*+*B1B (B"1+- "/ )-.1,-1.$ (+# $D"4$+"1) *+/".B(-*"+F M<$.$/".$? J$ <(7$ $)&
-*B(-$# /". $(,< ,"1+-.5 ( )*BE%$ HI3 J*-< -<$ -<.$$ $+#"4$+"1) 7(.*('%$) (+#
( ,"+)-(+- -$.BF ]" #$-$.B*+*)-*, -*B$ -.$+# <() '$$+ *BE")$# (+# #1BB5 7(.*&
('%$) <(7$ '$$+ *+,%1#$# "+%5 *+ -<$ /$J ,()$) J<$.$ -<$ E.$)$+,$ "/ %(.4$ "1-%*$.)
.$^1*.$# *-F M<$ ".#$. "/ -<$ HI3? J<*,< *) ,"1+-.5&)E$,*N,? <() '$$+ ,<")$+ (,&
,".#*+4 -" '"-< %*2$%*<""# .(-*" -$)- (+# I2(*2$ (+# 6,<J(.-: *+/".B(-*"+ ,.*-$.*(F
M<$ )E$,*N,(-*"+ "/ -<$ B"#$%) *) )<"J+ *+ M('%$ >F

M<$ B"#$%) <(7$ '$$+ $)-*B(-$# "7$. #*\$.$+- )(BE%$ E$.*"#)? 1)*+4 /". $(,<
$,"+"B5 -<$ %(.4$)- (B"1+- "/ *+/".B(-*"+ (7(*%('%$F S"J$7$.? -<$5 <(7$ (%)"
'$$+ $)-*B(-$# "7$. ( )<".-$. V,"BB"+Y E$.*"# )-(.-*+4 *+ -<$ B*#&$*4<-*$)F M<$
(*B "/ -<*) $DE$.*B$+- *) -J"/"%#F 8*.)-? *- (%%"J) -" -$)- /". -<$ )-('*%*-5 "/ -<$

c9$-(*%) "+ -<$ B$+-*"+$# E.",$#1.$) (+# .$)1%-) "/ -<$ -$)-) (.$ +"- E.$)$+-$# <$.$F S"J$7$.?
-<$5 (.$ (7(*%('%$ /."B -<$ (1-<".) "+ .$^1$)-F

3.3 VAR specification and estimation
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)5)-$B) (+# -" ,<$,2 /". $7$+-1(% )*4+*N,(+- ,<(+4$) *+ -<$ E$./".B(+,$ "/ -<$
%('"1. B(.2$-FW 6$,"+#? *- (%%"J) -" <(7$ ( ,"BB"+ .$/$.$+,$ -*B$ <".*:"+ (,."))
,"1+-.*$)? 4*7$+ -<(- *+ ( /$J ,()$) & +(B$%5 -<$ ]$-<$.%(+#)? ;".-14(%? 8*+%(+#?
P$%4*1B (+# 9$+B(.2 & ,"BE%$-$ #(-( (.$ (7(*%('%$ "+%5 /."B -<$ '$4*++*+4 ".
-<$ B*#&$*4<-*$)F

4 Results

4.1 Correlation between elasticities and unemployment

I) #*),1))$# *+ )$,-*"+ =? -<$ $%()-*,*-*$) "/ -<$ 7(.*('%$) "/ *+-$.$)- J*-< .$)E$,- -"
-<$ )-.1,-1.(% )<",2) )<"1%# )(-*)/5 )E$,*N, ,"..$%(-*"+ E(--$.+)? (,.")) ,"1+-.*$)?
J*-< (7$.(4$ 1+$BE%"5B$+-F M<*) *) ( +$,$))(.5 ,"+#*-*"+ /". -<$ $%()-*,*-*$) -"
'$ 7(%*# *+#*,(-".) "/ %('"1. B(.2$- C$D*'*%*-5F

M<$ ,"..$%(-*"+ '$-J$$+ $(,< #5+(B*, $\$,- V$)-*B(-$# "7$. -<$ -*B$ <".*:"+)
%*)-$# *+ -('%$ > (+# (%)" "7$. -<$ )<".-$. )(BE%$ E$.*"# )-(.-*+4 *+ -<$ B*#&>Wc@)Y
(+# -<$ (7$.(4$ 1+$BE%"5B$+- .(-$) V"7$. -<$ ,"..$)E"+#*+4 )(BE%$ E$.*"#Y *)
E.$)$+-$# *+ -('%$ =F M<$ ,"%1B+) "/ -<$ -('%$ ,"+-(*+ #*\$.$+- B$()1.$) "/
,"..$%(-*"+h -<$ G06 ,"$b,*$+- /."B ( .$4.$))*"+ "/ V#$&B$(+$#Y (7$.(4$ 1+$B&
E%"5B$+- .(-$) "+ V#$&B$(+$#Y $)-*B(-$# $\$,-)i -<$ .&)-(-*)-*, (+# -<$ <&)^1(.$#
/."B )1,< ( .$4.$))*"+ (+# -<$ ,"..$%(-*"+ '$-J$$+ -<$ -J" 7(.*('%$)F

3$4(.#*+4 -<$ %"+4&.1+ $%()-*,*-5 "/ "1-E1- J*-< .$)E$,- -" E."#1,-*7*-5 )<",2)
7+##8 & '$ J$ N+#? () $DE$,-$#? ( +$4(-*7$ ,"..$%(-*"+ J*-< -<$ (7$.(4$ 1+$B&
E%"5B$+- .(-$h ,"1+-.*$) V(+# -*B$ E$.*"#)Y J*-< ( <*4<$. %"+4&-$.B $%()-*,*-5
-$+# -" <(7$ %"J$. 1+$BE%"5B$+-F

M<$ ,"..$%(-*"+ '$-J$$+ -<$ 1+$BE%"5B$+- .(-$ (+# -<$ $\$,-) "/ %('"1. )1E&
E%5 )<",2) "+ 1+$BE%"5B$+- *) /"1+#? (%)" () $DE$,-$#? -" '$ E")*-*7$h ,"1+-.*$)
J*-< ( %(.4$. $%()-*,*-5 "/ 1+$BE%"5B$+- J*-< .$)E$,- -" %('"1. )1EE%5 )<",2)
)1\$. <*4<$. 1+$BE%"5B$+-F

I) J$ )<"J$# *+ )$,-*"+ =? '"-< -<$ $%()-*,*-*$) 7+# (+# 7
-
$ V(- #*\$.$+- -*B$

<".*:"+)Y ,(+ '$ -<"14<- "/ () *+#*,(-".) ,(E-1.*+4 -<$ #$4.$$ "/ %('"1. B(.2$-
C$D*'*%*-5g.*4*#*-5? B(*+%5 .$C$,-*+4 1+*"+)[ E"J$. *+ -<$ J(4$ /".B(-*"+ B$,<(&
+*)BF M<$ $7*#$+,$ E."7*#$# '5 -<$ ,"..$%(-*"+ "/ $(,< "/ -<$)$ -J" B$()1.$) J*-<
(7$.(4$ 1+$BE%"5B$+- -$+#)? <"J$7$.? -" (--.*'1-$ ( )"B$J<(- %(.4$. J$*4<- -"
-<$ /".B$.F 8". -<*) .$()"+ V(+# (%)" /". -<$ $,"+"B5 "/ -<$ E(E$.Y *+ -<$ .$B*+#$.
"/ -<$ $BE*.*,(% $D$.,*)$ E.$)$+-$# *+ -<$ /"%%"J*+4 )$,-*"+)? J$ ,"+,$+-.(-$ "1.
(--$+-*"+ "+ -<$ %"+4&.1+ $%()-*,*-5 "/ "1-E1- -" )1EE%5 )<",2)F

WO+/".-1+(-$%5? #1$ -" -<$ %(,2 "/ %"+4 $+"14< -*B$ )$.*$)? J$ ,"1%# +"- )*BE%5 )E%*- -<$
E$.*"# *+-" -J" +"+&"7$.%(EE*+4 )1'&E$.*"#) (+# $)-*B(-$ -<$ )5)-$B) "7$. -<$ -J" #*\$.$+-
-*B$ .(+4$)F

4 Results

4.1 Correlation between elasticities and unemployment
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I) /". "1. B$()1.$ "/ J(4$ C$D*'*%*-5? J$ N+# ( ,%$(. ,"..$%(-*"+ '$-J$$+ (7&
$.(4$ 1+$BE%"5B$+- (+# -<$ $\$,- "/ %('"1. )1EE%5 )<",2) "+ .$(% J(4$) V'"-<
,1B1%(-$# 1E -" >= ^1(.-$.) (+# "+ *BE(,-YF I%-<"14< 7/$ ,(++"- '$ #*.$,-%5
.$%(-$# -" "1. -<$".$-*,(% B"#$%? -<*) N+#*+4 <() (+ "'7*"1) *+-$.E.$-(-*"+h ,"1+&
-.*$) J<$.$ .$(% J(4$) *+,.$()$ B".$ 1E"+ +$4(-*7$ %('"1. )1EE%5 )<",2) VJ<$.$
.$(% J(4$) (#d1)- B".$ .(E*#%5 -" ,%$(. -<$ %('"1. B(.2$-Y <(7$ %"J$. (7$.(4$
1+$BE%"5B$+- .(-$)F

U+ )1BB(.5? /."B -('%$ = J$ )$%$,- -<$ /"%%"J*+4 -J" *+#*,(-".) )*+,$? "+
-<$ "+$ <(+#? -<$5 (.$ ,"BE(-*'%$ J*-< -<$ '()*, $BE*.*,(% *BE%*,(-*"+) "/ -<$
-<$".$-*,(% B"#$% (+#? "+ -<$ "-<$. <(+#? -<$5 )<"J -<$ <*4<$)- ,"..$%(-*"+ J*-<
(7$.(4$ .(-$ "/ 1+$BE%"5B$+- (,.")) ,"1+-.*$) (+# -*B$ E$.*"#)Fh

>F -<$ %"+4&.1+ $\$,- "/ E."#1,-*7*-5 )<",2) "+ "1-E1-? 7+##8 & '$? *) (+
*+#*,(-". "/ %('"1. B(.2$- C$D*'*%*-5i

=F -<$ $\$,- "+ *BE(,- "/ %('"1. )1EE%5 )<",2) "+ .$(% J(4$)? 7/$ #8 ! &$? *) (+
*+#*,(-". "/ .$(% J(4$ .*4*#*-5F>@

4.2 Impulse responses over various time horizons

U+ -<*) )$,-*"+ J$ #*),1)) -<$ $)-*B(-$# *+#*,(-".) "/ %('"1. B(.2$- C$D*'*%*-5 (+#
(+(%5)$ -<$ $7*#$+,$ "/ ,<(+4$) *+ )1,< *+#*,(-".) "7$. -*B$? J<*,< B*4<- .$C$,-
B"#*N,(-*"+) *+ -<$ /1+,-*"+*+4 "/ %('"1. B(.2$-) #1$ -" )-.1,-1.(% .$/".B)F

8". )(2$ "/ '.$7*-5? J$ #" +"- E.$)$+- <$.$ -<$ .$)1%-) "/ -<$ 6HI3 $)-*B(-*"+
/". $(,< ,"1+-.5F>> A$ /",1) *+)-$(# "+ -<$ .$)E"+)$ "/ -<$ $+#"4$+"1) 7(.*('%$) -"
-<$ )-.1,-1.(% )<",2) (- #*\$.$+- -*B$ <".*:"+) (+# *+ E(.-*,1%(. "+ -<$ $%()-*,*-*$)
J$ <*4<%*4<-$# *+ -<$ E.$7*"1) )$,-*"+)F M<$.$/".$? #$E$+#*+4 "+ -<$ -*B$ <".*:"+
J$ ,"+)*#$. () .$%$7(+- /". $(,< $%()-*,*-5? J$ J*%% #*),1)) .$)1%-) *+ -$.B) "/ *BE(,-
$\$,- V-<$ %$7$% "/ -<$ .$)E"+)$ () -<$ )<",2) <*- -<$ )5)-$BY? B$#*1B&.1+ $\$,-
V-<$ ,1B1%(-$# %$7$% "/ -<$ .$)E"+)$ (/-$. >= ^1(.-$.)Y ". %"+4&.1+ $\$,- V-<$ %$7$%
"/ -<$ .$)E"+)$ (/-$. f@ ^1(.-$.)YF>= I%% -<$ .$)1%-) .$/$. -" -<$ (7$.(4$ *BE1%)$
.$)E"+)$ /1+,-*"+) (+# -<$ c@ E$. ,$+- ,"+N#$+,$ '(+#) "'-(*+$# '5 '""-)-.(E&
'()$# -$,<+*^1$) V>@@@ .$E%*,(-*"+)YF

4.2.1 Output

M<$ $%()-*,*-5 "/ "1-E1- J*-< .$)E$,- -" %('"1. )1EE%5 )<",2) *) .$E".-$# *+ -('%$ e
/". -<$ %"+4$. )(BE%$ E$.*"# (+# *+ -('%$ f /". -<$ )<".-$.? B".$ .$,$+- )(BE%$
E$.*"#F M<$ -('%$) )<"J -<$ %"+4&-$.B $%()-*,*-*$)? -<$ )-.1,-1.(% *+-$.E.$-(-*"+ "/

>@S"J$7$.? *+ )$,-*"+ fF=F= J$ J*%% '.*$C5 #*),1)) (%)" -<$ B$#*1B&-$.B $\$,-F
>>3$)1%-) (.$ (7(*%('%$ /."B -<$ (1-<".) "+ .$^1$)-F
>=I%)" P(%B()$#(? 9"%(#"? (+# 0"E$:&6(%*#" V>WWXY #*),1)) -<$*. .$)1%-) '5 /",1)*+4 "+ -<.$$

#*\$.$+- -*B$ <".*:"+)h -<$ )<".- .1+ V"+$ 5$(.Y? -<$ B$#*1B .1+ VN7$ 5$(.)Y (+# -<$ %"+4 .1+
V()5BE-"-*,(%%5YF

4.2 Impulse responses over various time horizons

4.2.1 Output
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J<*,< *) 4*7$+ '5h *" 1
0i
F M<*) *) -<$ B$()1.$ J$ )$%$,-$# *+ -<$ E.$7*"1) )$,-*"+)

() (+ *+#*,(-". "/ %('"1. B(.2$- C$D*'*%*-5F ]"-$ -<(-? (%-<"14< J$ $DE$,- *-)
7(%1$ -" '$ E")*-*7$? ( +$4(-*7$ $)-*B(-$# $%()-*,*-5 *) +"- *+,"+)*)-$+- J*-< -<$
B"#$% */ %('"1. B(.2$-) (.$ )1b,*$+-%5 .*4*#F M<*) ,"1%# '$ #1$ -" <*4< 1+*"+
E"J$. V%"J -!YF !".$"7$.? -<$ E"))*'*%*-5 -<(- * ,<(+4$) (,.")) ,"1+-.*$) ,(++"-
'$ .1%$# "1-F

U+)E$,-*"+ "/ -('%$) e (+# f .$7$(%) -<(- ,"1+-.*$) J*-< -<$ <*4<$)- #$4.$$ "/
C$D*'*%*-5 (.$ -<$ O6? -<$ O_? I1)-.*(? Q$.B(+5 (+# 9$+B(.2F M<$ ,"1+-.5
J*-< -<$ <*4<$)- #$4.$$ "/ .*4*#*-5 *) 8*+%(+#F 6E(*+ <() -<$ <*4<$)- #$4.$$ "/
.*4*#*-5 *+ -<$ %"+4$. )(BE%$ E$.*"# '1- )$$B) -" <(7$ E$./".B$# ( ,"+)*#$.('%$
,(-,<&1E *+ C$D*'*%*-5? )*+,$ *- *) *+ ( B*##%$ E")*-*"+ *+ -<$ B".$ .$,$+- )(BE%$F
8". Q$.B(+5? 8.(+,$ (+# U-(%5 "1. $7*#$+,$ E"*+-) -" ,"+)*#$.('%$ *+,.$()$ *+
.*4*#*-5? E(.-*,1%(.%5 *+ -<$ ,()$ "/ 8.(+,$ (+# U-(%5 (+# %$)) )" /". Q$.B(+5? -<(-
+"+$-<$%$)) #.*/-) /1.-<$. (J(5 /."B -<$ O6F L(+(#( /"%%"J) ( )*B*%(. -.$+# "/
)1\$.*+4 (+ *+,.$()*+4 #*\$.$+-*(% "/ .*4*#*-5 .$%(-*7$ -" -<$ ,"1+-.*$) J*-< <*4<$)-
C$D*'*%*-5F

4.2.2 Real wages

M<$ $%()-*,*-5 "/ .$(% J(4$) J*-< .$)E$,- -" %('"1. )1EE%5 )<",2) *) .$E".-$# *+
-('%$ a /". -<$ J<"%$ )(BE%$ E$.*"# (+# *+ -('%$ X /". -<$ )<".-$. "+$F ]"-$ -<(-
-<$ )*4+ "/ -<$ $)-*B(-$# $%()-*,*-5 ,(+ '$ $*-<$. E")*-*7$ ". +$4(-*7$? *F$F .$(%
J(4$) ,(+ $*-<$. #$,.$()$ ". *+,.$()$ *+ .$)E"+)$ -" (+ 1+$DE$,-$# *+,.$()$ *+
%('"1. )1EE%5F

M<$ .$)1%-) )<"J -<(- *+ -<$ )<".- .1+ .$(% J(4$) (.$ +"- )*4+*N,(+-%5 (\$,-$#
'5 *+,.$()$) *+ %('"1. )1EE%5 & *F$F -<$*. .$)E"+)$ "+ *BE(,- #"$) +"- )*4+*N,(+-%5
#$E(.- /."B :$." & *+ -<$ ,()$ "/ L(+(#( (+# 6J$#$+F L"+7$.)$%5? *+ (%% "-<$.
,"1+-.*$) '1- U-(%5 (+# 6E(*+ .$(% J(4$) (#d1)- #"J+J(.#)F I) /". -<$ B$#*1B&
.1+ $\$,-? -<$ ,1B1%(-$# .$)E"+)$ "/ -<*) 7(.*('%$ (/-$. -J$%7$ ^1(.-$.) (EE$(.)
-" '$ )*4+*N,(+-%5 +$4(-*7$ "+%5 *+ 8.(+,$? -<$ O_? L(+(#( (+# -<$ O6F

8."B )$,-*"+ fF> -<$ E.$/$..$# *+#*,(-". "/ .$(% J(4$ .*4*#*-5 *) -<$ $%()-*,*-5
"+ *BE(,- "/ .$(% J(4$) J*-< .$)E$,- -" %('"1. )1EE%5 )<",2)? -<(- *)? 7/$ #8 ! &$F
L"1+-.*$) J*-< <*4< .*4*#*-5 *+ -<*) )$+)$ (.$ 8*+%(+#? U-(%5? L(+(#( (+# 6J$#$+F
6E(*+ .$4*)-$.) -<$ <*4<$)- #$4.$$ "/ .*4*#*-5 *+ -<$ %"+4$. )(BE%$ E$.*"#? '1-?
.$B(.2('%5? '$,"B$) ( ,"1+-.5 J*-< .$%(-*7$%5 C$D*'%$ J(4$) *+ -<$ B".$ .$,$+-
)(BE%$F 8%$D*'%$ ,"1+-.*$) *+ -$.B) "/ .$(% J(4$ $%()-*,*-5 (.$ I1)-.*(? 8.(+,$? -<$
O_? ;".-14(% (+# -<$ ]$-<$.%(+#)F Q$.B(+5 (EE$(.) -" )1\$. ( #$-$.*".(-*"+ *+
-*B$ *+ -<*) .$)E$,-? () *- )<*/-) /."B ( .$%(-*7$%5 <*4< #$4.$$ "/ C$D*'*%*-5 -" (
.$%(-*7$%5 <*4< #$4.$$ "/ .*4*#*-5F

4.2.2 Real wages
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4.3 Evidence of change over time

M<$ ,"BE(.*)"+ "/ -<$ $%()-*,*-*$) #$.*7*+4 /."B -<$ $)-*B(-*"+ "/ -<$ HI3 "7$.
-<$ /1%% )(BE%$ E$.*"# (+# "7$. -<$ )<".-$. "+$ V>Wca&>WWWY 5*$%#) $7*#$+,$ "/
)"B$ )5)-$B(-*, #*\$.$+,$) *+ -<$ ,"$b,*$+-) /". ( +1B'$. "/ ,"1+-.*$)F

M('%$ ` *BE%*$) ( #$,.$()$ *+ C$D*'*%*-5 () B$()1.$# '5 -<$ %"+4&.1+ .$)E"+)$
"/ "1-E1- -" E."#1,-*7*-5 )<",2) & E(+$% V>Y & /". -<$ ,()$) "/ 8.(+,$? U-(%5 (+#
6J$#$+ (+# ( )%*4<- *+,.$()$ /". 6E(*+F M<$ %(--$. ,"1%# '$ -.(,2$# -" )-.1,-1.(%
,<(+4$ ())",*(-$# -" *+#1)-.5 (+# )$.7*,$ #$.$41%(-*"+ (+# E.*7(-*)(-*"+ "/ ( %(.4$
E."E".-*"+ "/ E1'%*, ,".E".(-*"+)F

8". 6E(*+ .$)1%-) E.$)$+-$# *+ E(+$% V=Y *BE%5 (%)" (+ *BE."7$B$+- *+ J(4$
C$D*'*%*-5 *+ -<$ )1'&E$.*"# )-(.-*+4 *+ >WcaF M<$ $7*#$+,$ )*4+(%) *+)-$(# ( #$-$&
.*".(-*"+ *+ -<*) *+#*,(-". /". -<$ ,()$ "/ U-(%5 (+# Q$.B(+5F

U+ ".#$. -" -$)- -<$ )-(-*)-*,(% ."'1)-+$)) "/ -<$)$ .$)1%-)? J$ E$./".B 0*2$%*&
<""# 3(-*" -$)-) /". -<$ $,"+"B*$) /". J<*,< J$ <(7$ )1b,*$+-%5 %"+4 )$.*$)F M<$
-$)- ,"BE(.$) -<$ %*2$%*<""# "/ -<$ .$#1,$#&/".B HI3 *+ -<$ ,()$ J<$.$ ,"$b&
,*$+-) (.$ ())1B$# -" '$ ,"+)-(+- "7$. -<$ J<"%$ )(BE%$ E$.*"# J*-< -<$ %*2$%*<""#
"/ -<$ .$#1,$#&/".B HI3 J<$+ ,"$b,*$+-) (.$ (%%"J$# -" ,<(+4$ (- ( 4*7$+ E"*+-
*+ -*B$ V-<$ N.)- ^1(.-$. "/ >WcaY? -<(- J$ -(2$ () $D"4$+"1)F

M<$ E."'('*%*-5 7(%1$) /."B -<$ -$)- (.$ .$E".-$# *+ M('%$ cF M<$ +1%% <5E"-<&
$)*) "/ +" ,<(+4$ *+ >Wca *) .$d$,-$# /". 6E(*+? 8.(+,$ (+# U-(%5 (- -<$ al %$7$%
"/ )*4+*N,(+,$F M<$ +1%% *) +"- .$d$,-$# /". 6J$#$+? I1)-.*(? -<$ O6 (+# -<$ O_F
8". Q$.B(+5 -<$ E&7(%1$ *) ,%")$ -" .$d$,-*"+ (- -<$ >@l %$7$%F

5 Discussion

U+ -<*) )$,-*"+ J$ ,"BE(.$ "1. .$)1%-) J*-< $D*)-*+4 ,"1+-.5 B$()1.$) "/ %('"1.
B(.2$- .*4*#*-5 *+ -<$ %*-$.(-1.$ (+# J*-< ,"BE(.('%$ *+#*,(-".) ,"+)-.1,-$# '5
-<$ GKL9F

M('%$ W ,"B'*+$) .$)1%-) "/ ( +1B'$. "/ )-1#*$) "+ -<$ -"E*, J*-< "1. C$D*'*%*-5
*+#*,$)F L"%1B+) > (+# = (.$ -<$ B$()1.$) "/ .$(% J(4$ .*4*#*-5 (+# <5)-$.$)*)
'()$# "+ )-.1,-1.(% $)-*B(-$) /."B J(4$&E.*,$ $^1(-*"+) /."B 0(5(.#? ]*,2$%%?
(+# R(,2B(+ V>WW>YF L"%1B+) e (+# f (.$ -<$ .$)1%-) E."#1,$# *+ M('%$ =Fe *+
H*+(%) (+# R*B$+" V>WWcY? (.*)*+4 /."B ( HI3 $)-*B(-*"+F L"%1B+ a E.$)$+-)
"1. B$()1.$ "/ .$(% J(4$ $%()-*,*-5 J*-< .$)E$,- -" %('"1. )1EE%5 )<",2) V/."B
-('%$ XY? $DE.$))$# *+ E$.,$+-(4$ -$.B)F 8*+(%%5? ,"%1B+) X (+# ` .$E."#1,$ "1.
.$)1%-) /."B -('%$) f (+# e *+ E$.,$+-(4$ -$.B)F

A$ N+# -<(- -<$ B$()1.$ "/ <5)-$.$)*) /."B H*+(%) (+# R*B$+" V>WWcY (+#
"1. B$()1.$ "/ .*4*#*-5? '()$# "+ -<$ %"+4&-$.B $%()-*,*-5 "/ "1-E1- J*-< .$)E$,-
-" )1EE%5 )<",2)? (.$ ^1*-$ ,"+)*)-$+- J*-< $(,< "-<$.F M<$ O6 (EE$(.) -" '$ *+
(%% ,()$) -<$ ,"1+-.5 J*-< -<$ <*4<$)- C$D*'*%*-5F L"1+-.*$) J*-< <*4< #$4.$$ "/

4.3 Evidence of change over time

5 Discussion
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.*4*#*-5 (.$ *+ '"-< ,()$) 8*+%(+#? U-(%5 (+# 8.(+,$? (+# (%)" 6E(*+ J<$+ J$ -(2$
-<$ %"+4 )(BE%$ .$)1%- /". -<$ "1-E1-&)1EE%5 )<",2 $%()-*,*-5F

M<$.$ *) #*)(4.$$B$+- '$-J$$+ -<$ B$()1.$ *+ H*+(%) (+# R*B$+" V>WWcY (+#
"1. 6HI3 B$()1.$ E(.-*,1%(.%5 /". -<$ ,()$ "/ -<$ O_? I1)-.*( (+# 6J$#$+?
/". J<*,< J$ N+# B".$ C$D*'*%*-5F M<*) ,"1%# '$ #1$ -" -<$ #*\$.$+- J$*4<-)
-<(- *+#*,(-".) 4*7$ -" #*\$.$+- )"1.,$) "/ %('"1. B(.2$- .*4*#*-5F I )5BB$-.*,
(.41B$+- ,(+ '$ B(#$ /". -<$ #*)(4.$$B$+- '$-J$$+ ,"%1B+) e (+# X *+ -<$ ,()$
"/ -<$ ]$-<$.%(+#)h H*+(%) (+# R*B$+" V>WWcY N+# -<*) ,"1+-.5 () ( .$%(-*7$%5
C$D*'%$ "+$ J<$.$() J$ ,<(.(,-$.*)$ *- () .$%(-*7$%5 .*4*#F M<$)$ *+,"+)*)-$+,*$)
(.$ .$#1,$# *+ (%% ,()$) */ J$ ,"+)*#$. -<$ B$()1.$ "/ .$(% J(4$ C$D*'*%*-5? .$E".-$#
*+ ,"%1B+ aF

I) ,"+,$.+) -<$ %(.4$. ,"1+-.*$) *+ K!O? "1. .$)1%-) (.$ 7$.5 )*B*%(. -" -<$ "+$)
/."B H*+(%) (+# R*B$+" V>WWcY J<$.$ Q$.B(+5 (EE$(.) -" '$ B".$ C$D*'%$ -<(+
8.(+,$ (+# U-(%5F M<*) (%)" -<$ .$)1%- "'-(*+$# '5 P(%(2.*)<+(+ (+# !*,<$%(,,*
V>WWcY 1)*+4 (44.$4(-$ C"J #(-( *+ ( 6HI3 )E$,*N,(-*"+F

A$ N+# %$)) (4.$$B$+- '$-J$$+ "1. B$()1.$ (+# -<$ *+#$D /."B 0(5(.#? ]*,2&
$%%? (+# R(,2B(+ V>WW>YF ;(.-*,1%(.%5 "## ,()$) (.$ -<$*. ,<(.(,-$.*)(-*"+ "/ U-(%5?
8*+%(+# (+# 6J$#$+ () C$D*'%$ ,()$)F M<*) %"J$. %$7$% "/ )*B*%(.*-5 *) E(.(%%$%
-" -<$ .$%(-*7$ #*)E(.*-5 "/ B$()1.$) '$-J$$+ -<$ %(--$. (+# H*+(%) (+# R*B$+"
V>WWcYF

I) (+ (##*-*"+(% J(5 -" ())$)) -<$ .$%*('*%*-5 (+# 1)$/1%+$)) "/ "1. .$)1%-) J$
*+7$)-*4(-$ -<$*. ,"+)*)-$+,5 J*-< -<$ B$()1.$) "/ %('"1. B(.2$- C$D*'*%*-5 ,"+&
)-.1,-$# '5 -<$ GKL9F U+ E(.-*,1%(.? J$ /",1) "+ -<$ GKL9 )1BB(.5 *+#*,(-".)
"+ -<$ )-.*,-+$)) "/ $BE%"5B$+- E."-$,-*"+ %$4*)%(-*"+ VK;0YF>e M<$)$ B$()1.$)
(.$ '()$# "+ ( #$-(*%$# #(-()$- & ,"7$.*+4 .$41%(. () J$%% () -$BE".(.5 $BE%"5&
B$+- ,"+-.(,-) & "+ -<$ E."7*)*"+) -<(- 4"7$.+ -<$ <*.*+4 (+# N.*+4 "/ J".2$.)F
A$ ,"BE(.$ "1. .$)1%-) -" -J" #*\$.$+- )$-) "/ GKL9 )1BB(.5 *+#*,(-".)F U+ -<$
N.)- ,()$ -<$5 (.$ "'-(*+$# '5 (44.$4(-*+4 #$-(*%$# *+#*,(-".) J*-< ( )1'd$,-*7$
J$*4<-*+4 ),<$B$ V)$$ GKL9 V>WWWYYF U+ -<$ )$,"+# ,()$ -<$ (44.$4(-*"+ "/ -<$
#$-(*%$# *+#*,(-".) *) "'-(*+$# '5 B$(+) "/ /(,-". (+(%5)*)? *+ J<*,< -<$ 7(.*"1)
,"BE"+$+-) (.$ J$*4<-$# *+ (,,".#(+,$ "/ -<$*. ,"+-.*'1-*"+ -" -<$ "7$.(%% 7(.*&
(+,$ "/ -<$ #(-( V)$$ ]*,"%$--*? 6,(.E$--(? (+# P"5%(1# V>WWWYYF>f P"-< B$()1.$)
.$/$. -" -<$ %(-$ >WW@)F

I ,"BE(.*)"+ '$-J$$+ -<$ ,"1+-.5 .(+2*+4 E."7*#$# '5 -<$ GKL9 *+#*,(-".)
(+# '5 -<$ %"+4&.1+ $%()-*,*-5 "/ "1-E1- -" E."#1,-*7*-5 )<",2) #$.*7$# /."B "1.
>eL%$(.%5? -<$ B$()1.$) E."7*#$# '5 -<$ GKL9 (.$ "+%5 "+$ (B"+4 -<$ )$7$.(% E"))*'*%*-*$) /".

())$))*+4 -<$ .$%(-*7$ C$D*'*%*-5g.*4*#*-5 "/ ,"1+-.*$)[ %('"1. B(.2$-)F I +1B'$. "/ "-<$. *+-$.&
+(-*"+(% ".4(+*)(-*"+) <(7$ E."#1,$# $BE*.*,(% $7*#$+,$ "+ -<*) *))1$? )1,< () -<$ U+-$.+(-*"+(%
G.4(+*)(-*"+ "/ KBE%"5$.) (+# -<$ K1."E$(+ L"BB*))*"+F M<$ B(*+ #*\$.$+,$ '$-J$$+ -<$)$
)-1#*$) (+# -<$ GKL9 "+$) *) -<(- -<$ /".B$. (.$ '()$# "+ ad hoc)1.7$5) (B"+4 $BE%"5$.)
J<*%$ -<$ %(--$. #.(J /."B ( %(.4$ #(-()$- "+ %$4*)%(-*7$ .$^1*.$B$+-) (+# ,"BB"+ E.(,-*,$)F
>f8". ( B".$ #$-(*%$# #$),.*E-*"+ "/ -<$ B$-<"#"%"4*,(% /.(B$J".2 (#"E-$# /". -<$ #$.*7(-*"+

"/ -<$ GKL9 )1BB(.5 *+#*,(-".)? )$$ IEE$+#*D IF
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U+ )1BB(.5? J$ N+# -<(- "1. *+#*,(-". '()$# "+ -<$ "1-E1-&E."#1,-*7*-5 )<",2
.$%(-*"+)<*E E."#1,$) .$()"+('%$ .$)1%-) J<$+ ,"BE(.$# -" )*B*%(. B$()1.$) #$7$%&
"E$# *+ -<$ $BE*.*,(% %*-$.(-1.$ "+ -<$ %('"1. B(.2$- ". E."#1,$# '5 *+-$.+(-*"+(%
".4(+*)(-*"+) )1,< () -<$ GKL9F M<*) *) -<$ ,()$ $)E$,*(%%5 J<$+ )1,< *+#*,(-".
*) E.$)$+-$# -"4$-<$. J*-< -<$ J(4$ C$D*'*%*-5 B$()1.$ #$.*7$# /."B -<$ 6HI3F
]"-$ "+ -<$ "-<$. <(+# -<(- 4*7$+ -<$ B1%-*&/(,$-$# +(-1.$ "/ %('"1. B(.2$-
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$+-.$+,<B$+-? *- *) +(-1.(% -<(- #*\$.$+- B$()1.$) "/ .*4*#*-5 /$(-1.$ ( #$4.$$ "/
#*),.$E(+,5? )*+,$ -<$5 J*%% -$+# -" E1- #*\$.$+- J$*4<- "+ #*\$.$+- #*B$+)*"+)
"/ *+)-*-1-*"+(% .*4*#*-5F

6 Conclusions

M<*) E(E$. ,"+-.*'1-$) -" -<$ %*-$.(-1.$ "+ -<$ B$()1.$B$+- "/ %('"1. B(.2$-
.*4*#*-*$)F A$ $DE%"*- -<$ B"#$%%*+4 )-.(-$45 *+ R*B$+" (+# 9"%(#" V>WW`Y (+#
P(%B()$#(? 9"%(#"? (+# 0"E$:&6(%*#" V>WWXY *+ ".#$. -" 5*$%# ( )-.1,-1.(% *+&
-$.E.$-(-*"+ "/ -<$ $%()-*,*-*$) /."B ( HI3 J*-< -<.$$ $+#"4$+"1) 7(.*('%$) V.$(%
J(4$)? "1-E1- (+# 1+$BE%"5B$+-Y J*-< .$)E$,- -" )<",2)? *+ ND$# <".*:"+)F 6$&
%$,-*+4 ( /$J ND$# <".*:"+) (EE."D*B(-$) -<$ $\$,-) "/ )<",2) *+ -<$ )<".-? B$#*1B
(+# %"+4 .1+ (+# /(,*%*-(-$) -<$ ,"BE(.('*%*-5 "/ .$)1%-) (,.")) ,"1+-.*$) (+# -*B$
E$.*"#)? .$%(-*7$%5 -" -<$ J<"%$ *BE1%)$ .$)E"+)$ /1+,-*"+F

A$ $)-*B(-$ ( B"#$% -<(- *+,".E".(-$) -<$".5&#.*7$+ *#$+-*/5*+4 .$)-.*,-*"+)F
A$ *BE%$B$+- -<$ 6HI3 (+(%5)*) )$E(.(-$%5 /". $(,< "/ -<*.-$$+ ,"1+-.*$) VB(*+%5
K1."E$(+Y (+# -J" "7$.%(EE*+4 )1'&E$.*"#)F O)*+4 -<$ *BE%*,(-*"+) "/ -<$ -<$&
".$-*,(% B"#$%? J$ *+-$.E.$- -<$ %$7$% "/ .$)E"+)$) "/ 7(.*('%$) -" )<",2)? *+ -<$
)<".-? %"+4 (+# B$#*1B .1+? () B$()1.$) ,(E-1.*+4 -<$ $D-$+- "/ %('"1. B(.2$-
C$D*'*%*-5F

IB"+4 -<$ 7(.*"1) *+#*,(-".) "/ %('"1. B(.2$- C$D*'*%*-5 -<(- ,(+ '$ #.(J+
/."B -<$ )-.1,-1.(% HI3 B"#$%? J$ )*+4%$ "1- () E(.-*,1%(.%5 B$(+*+4/1% -<$ %"+4&

6 Conclusions
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,"1+-.*$) (+# -<$ O+*-$# 6-(-$) (EE$(.) -" <(7$ *+,.$()$#? E(.-*,1%(.%5 )" /". -<$
%(.4$)- K1."E$(+ ,"1+-.*$)F M<$ %(--$. N+#*+4 *) B1,< *+ %*+$ J*-< -<$ (.41B$+-)
*+ A5E%"): V=@@@YF L"1+-.*$) -<(- <(7$ $DE$.*$+,$# )1')-(+-*(% *BE."7$B$+-
*+ -$.B) "/ %('"1. B(.2$- C$D*'*%*-5 (.$ I1)-.*( (+# E(.-*,1%(.%5 6E(*+F 9(-(
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)*:$# (+# )B(%% K1."E$(+ ,"1+-.*$)F

8."B ( '."(#$. E$.)E$,-*7$? "1. .$)1%-) -$+# -" /(7"1. -<$ 7*$J V#$7$%"E$# *+
6(*+-&;(1% (+# P$+-"%*%( V>WWWY? (+#A5E%"): V=@@@YY -<(- -<$ $\$,-) "/ -<$ 1+*^1$
B(.2$- "+ -<$ *+,$+-*7$) -" 1+#$.-(2$ *+)-*-1-*"+(% .$/".B (- -<$ ,"1+-.5 %$7$% (.$
%*2$%5 -" '$ ,"+)*#$.('%5 <$-$."4$+$"1) (,.")) KO ,"1+-.*$)F 6*+,$ *+)-*-1-*"+)
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L"1+-.5 !"#$% 6(BE%$ E$.*"#
6E(*+ HI3VeY `Xhe & Wchf
L(+(#( HI3V=Y X>h> & WWh=
8.(+,$ HI3VXY `@h> & Wchf
U-(%5 HI3VXY `@h> & WWh>
O_ HI3VeY Xeh> & WWh>
O6 HI3VXY X@h> & WWh=
]$-<$.%(+#) HI3VaY c@h> & WWh>
Q$.B(+5 HI3VfY XWh> & WWh=
I1)-.*( HI3VfY Xfh> & WWh=
;".-14(% HI3VfY ceh> & Wchf
8*+%(+# HI3V=Y cch> & WWh=
6J$#$+ HI3VeY `>h> & WWh=
9$+B(.2 HI3VeY cch> & WWh=
P$%4*1B HI3V=Y cah> & WWh=

Table 1
Estimated Models

Table 2
Correlations between elasticities and unemployment rates

K%()-*,*-5 G06 ,"$\F -&)-(-F R &)^1(.$# L"..$%(-F
e+# VT &'Y &eF=` &=F>` @F>c &@Ffe
e-$ VT = 1) >Ff` @FeX @F@> @F@c
ae-$ VT = 12Y >Fec >FfW @F>@ @Fe=
e/$ VT = 1Y `FXf >Fc> @F>f @Fe`
ae/$ VT = 12Y >F>` @F`f @F@e @F>X
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L"1+-.5 e+# VT &'Y
6E(*+ @F@@@@
6J$#$+ @F@@=>mm
I1)-.*( @F@@e`mm
L(+(#( @F@@ecmm
8.(+,$ @F@@ecm
U-(%5 @F@@femm
Q$.B(+5 @F@@acmm
O_ @F@@X@mm
O6 @F@@X@mm

aVmmY *+#*,(-$) -<(- -<$ *BE1%)$ .$)E"+)$ /1+,-*"+ *) (%J(5) )*4+*N,(+-%5 #*\$.$+- /."B :$."
"7$. -<$ -*B$ *+-$.7(% ,"+)*#$.$#? J<*%$ VmY *+#*,(-$) -<(- *- *) +"- (%J(5) )*4+*N,(+-%5 #*\$.$+-
/."B :$."F M<$ (')$+,$ "/ ()-$.*)2) )*4+(%) )-(-*)-*,(%%5 *+)*4+*N,(+- B$()1.$)F

Table 3
Effect of productivity shocks on output (long sample period)a

Table 4
Effect of productivity shocks on output (short sample period)a

L"1+-.5 e+# VT &'Y
8*+%(+# &@F@@fW
8.(+,$ &@F@@=>
U-(%5 &@F@@>W
L(+(#( &@F@@@X
]$-<$.%(+#) &@F@@@e
P$%4*1B @F@@@@
6J$#$+ @F@@@X
6E(*+ @F@@@c
Q$.B(+5 @F@@>fm
9$+B(.2 @F@@>am
;".-14(% @F@@=Xmm
I1)-.*( @F@@eemm
O_ @F@@femm
O6 @F@@fcmm

a6$$ E.$7*"1) -('%$F
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L"1+-.5 e/$ (T = 1) ae/$ (T = 12)
I1)-.*( &@F@@e=m @F@@@
8.(+,$ &@F@@=`mm &@F@>am
O_ &@F@@=em &@F@@Wm
Q$.B(+5 &@F@@>fmm &@F@@a
O6 &@F@@@Xm &@F@@fm
L(+(#( @F@@@f &@F@@`m
6J$#$+ @F@@@a @F@@@
U-(%5 @F@@>`m @F@@@
6E(*+ @F@@aXmm @F@@e

aVmmY *+#*,(-$) -<(- -<$ *BE1%)$ .$)E"+)$ /1+,-*"+ *) (%J(5) )*4+*N,(+-%5 #*\$.$+- /."B :$."
"7$. -<$ -*B$ *+-$.7(% ,"+)*#$.$#? J<*%$ VmY *+#*,(-$) -<(- *- *) +"- (%J(5) )*4+*N,(+-%5 #*\$.$+-
/."B :$."F M<$ (')$+,$ "/ ()-$.*)2) )*4+(%) )-(-*)-*,(%%5 *+)*4+*N,(+- B$()1.$)F I +$4(-*7$ )*4+
*BE%*$) ( #$,.$()$ *+ -<$ .$(% J(4$ 1E"+ (+ 1+$DE$,-$# *+,.$()$ *+ %('"1. )1EE%5i ( E")*-*7$
)*4+ *BE%*$) (+ *+,.$()$ *+ -<$ .$(% J(4$F

Table 5
Effect of labour supply shocks on real wages (long sample period)a

Table 6
Effect of labour supply shocks on real wages (short sample period)a

L"1+-.5 e/$ (T = 1) ae/$ (T = 12)
;".-14(% &@F@@e@mm &@F@>Wm
O_ &@F@@=fmm &@F@@am
I1)-.*( &@F@@=@mm &@F@@e
6E(*+ &@F@@>Wm @F@@@
]$-<$.%(+#) &@F@@>> &@F@@Xm
8.(+,$ &@F@@>@mm &@F@@`m
P$%4*1B &@F@@@e &@F@@>
9$+B(.2 &@F@@@> &@F@@cm
O6 @F@@@=m &@F@@=m
6J$#$+ @F@@@f @F@@@
Q$.B(+5 @F@@@a @F@@=
L(+(#( @F@@@W @F@@@
U-(%5 @F@@=>mm @F@@f
8*+%(+# @F@@==mm @F@@@

a6$$ E.$7*"1) -('%$F
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L"1+-.5 e+#(T &') e/$ (T = 1)
V>Y V=Y

%"+4 )(BE%$ )<".- )(BE%$ %"+4 )(BE%$ )<".- )(BE%$
I1)-.*( @F@@e`mm @F@@eemm &@F@@e=m &@F@@=@mm
8.(+,$ @F@@ecm &@F@@=> &@F@@=`mm &@F@@>@mm
Q$.B(+5 @F@@acmm @F@@>fm &@F@@>fmm @F@@@a
U-(%5 @F@@femm &@F@@>W @F@@>`m @F@@=>mm
6E(*+ @F@@@@ @F@@@c @F@@aXmm &@F@@>Wm
6J$#$+ @F@@=>mm @F@@@X @F@@@a @F@@@f
O_ @F@@X@mm @F@@femm &@F@@=em &@F@@=fmm
O6 @F@@X@mm @F@@fcmm &@F@@@Xm @F@@@@

Table 7
Changes in indicators from long to short sample

Table 8
Test of significance of differences across periods
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Table 10
Comparison with OECD indicators
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