
 

Christian Schoder  

Hysteresis in the Kaleckian growth model: a 
Bayesian analysis for the US manufacturing 
sector from 1984 to 2007  
 

January 2012 
Working Paper 01/2012 
Department of Economics 
The New School for Social Research 

The views expressed herein are those of the author(s) and do not necessarily reflect the views of the New 
School for Social Research. © 2012 by Christian Schoder. All rights reserved. Short sections of text may be 
quoted without explicit permission provided that full credit is given to the source. 



 !"#$%$"&" &' #($ )*+$,-&*' .%/0#( 1/2$+3 * 4*!$"&*'

*'*+!"&" 5/% #($ 67 1*'85*,#8%&'. "$,#/% 5%/1 9:;< #/

=>>?

∗

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

†

-!, .,/ ()!**0 1*" (*)#&0 2,$,&")!

3&'4&"5 678 69:6

 !"#$%&#

 !"#$%&'%( )$ )*! +,-""'.-, ./')'.'"0 $1 )*! 2-"!,'%! 3-,!.4'-% (/$5)* 0$&!, 5*'.*

'" %$) 16,,7 -&86")!& '% )*! ,$%( /6%9 #$"):3-,!.4'-%" *-;! #/$#$"!& 0$&!, ;-/'-%)" )*-)

'0#,7 )*! !.$%$07 )$ .$%;!/(! )$ - ")!-&7 ")-)! '% 5*'.* )*!  !"#$%!& -%& )*! '( )"#

6)','<-)'$% /-)!" -" 5!,, -" )*!  !"#$%!& -%& )*! !*+!,-!& "!.6,-/ /-)! $1 "-,!" (/$5)* -/!

.$%(/6!%)= +$%;!/(!%.! '" .-6"!& 27 !%&$(!%$6" -&86")0!%)" $1 )*! .$%;!%)'$%-, /-)!"

)$ )*!'/ /!"#!.)';!  !"#$%!& /-)!" 5*'.* '" )*!$/!)'.-,,7 86")'>!& 27 *7")!/!"'" !?!.)"= @":

'%( - &7%-0'. ,'%!-/ "#!.'>.-)'$% $1 )*! 3-,!.4'-% '%;!")0!%) 16%.)'$% '% ")-)!:"#-.!

1$/0 -%& 27 )*! -'& $1 )*! 3-,0-% >,)!/9 )*'" #-#!/ ")6&'!" )*! !%&$(!%!')7 $1 )*!

'( )"# 6)','<-)'$% /-)! -%& )*! !*+!,-!& "!.6,-/ /-)! $1 "-,!" (/$5)* !0#'/'.-,,7 1$/

)*! @A 0-%61-.)6/'%( "!.)$/ -%& ')" "62:"!.)$/"= B! >%& !;'&!%.! 1$/ -% !%&$(!%$6"

-&86")0!%) $1 2$)* ;-/'-2,!"=

'()*+$,"- 3-,!.4'-% (/$5)* 0$&!,9 *7")!/!"'"9 '%;!")0!%)9 C-7!"'-% !.$%$0!)/'."9

3-,0-% >,)!/

./0 12%""34&%#3+5- DEF9 DFF

∗
 !"# $%$&' (%# $'&#&)*&+ %* *!& ,-*! ./)0&'&).& /0 *!& 1%#*&') 1./)/2". 3##/."%*"/)4 5&( 6/'74

8&9':%'; <=><-4 <?@@A 8/' B%C:%9C& ./22&)*# %)+ #:DD&#*"/)#4 E (/:C+ C"7& */ *!%)7 F&*&' G7/**4 32"*%B%

H:**4 I/)J%C/ K&')L)+&J4 H%)"&C&  %B%)" %)+ *(/ %)/);2/:# '&0&'&&#A

†
3++'&##M H&$%'*2&)* /0 1./)/2".#4  !& 5&( G.!//C 0/' G/."%C N&#&%'.!4 O 1%#* @O*! G*'&&*4 5&( 6/'74

56 @???,A 12%"CM #.!/.@=<P)&(#.!//CA&+:A

 



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

 !" #$%"&'(" )$&"*+'$( ,-./0! 1.2"& 3'.(""-"2 #4 5./0!.-( 67897:; <=00 6789>: $(2

?1$2". 6789@: !$% #""( %=#A"*0 0. %"B"-" *-'0'*'%1 $% '0 "C!'#'0% $ &.(,D-=( '(*.(%'%0"(*4

#"0/""( 0!"  !"#$%!& -$0" .E *$3$*'04 =0'&'F$0'.( $(2 0!" '( )"# -$0"G HE 0!" I-1J% "C3"*0"2 .-

0$-,"0 =0'&'F$0'.( -$0" '% '(2"3"(2"(0 .E -"$&'F"2 -$0"%; 0!" K="%0'.( $-'%"% /!4 '0 %!.=&2 %"00&"

"B"( 0!.=,! '0% 0$-,"0 '% '(*.(,-="(0 /'0! 0!" -"$&'F$0'.( 6*EG L.11'00"-' 789@; ?="-#$*!

$(2 M+.00 7899:G

 

 /. -"%3.(%"% 0. 0!'% *-'0'*'%1 !$B" #""( 3=0 E.-/$-2 #4 )$&"*+'$(% /!'*! $'1"2 $0

3-"%"-B'(, 0!" *.-" E"$0=-" .E 0!" )$&"*+'$( 0!".-4; 'G"G 0!" 3-'(*'3&" .E "N"*0'B" 2"1$(2; '(

&.(,D-=( $($&4%'%O ?**.-2'(, 0. 0!" I-%0 $-,=1"(0 1$2" #4 <=00 6PQ7Q:; 0!"-" 1$4 "C'%0 $

*.(0'(==1 .E E"$%'#&" &.(,D-=( "K='&'#-'$G R.0'B$0"2 #4 M!$*+&"J% 678@7: *.(*"30 .E *(+!'+$"#

,- * $,! $**.-2'(, 0. /!'*! $ 2"*'%'.( 1$+"-J% #"!$B'.- .(&4 $&0"-% '( *$%" .E *.(%'2"-$#&"

*!$(,"% '( 0!" "(B'-.(1"(0; !" $-,="% 0!$0 I-1% 1$4 (.0 -"B'%" 0!"'- '(B"%01"(0 #"!$B'.-

$% &.(, $% 0!" -"$&'F"2 -$0"% %0$4 /'0!'( $ #$(2 .E $21'%%'#&" 0$-,"0 -$0"%G S!'&" 0!'% '% $(

$33"$&'(, -$0'.($&" E.- 0!" -"&=*0$(*" .E I-1% 0. $2A=%0 0!"'- #"!$B'.- .B"- $ 1"2'=1 0'1"

!.-'F.(; 0!" =(2"-&4'(, $%%=130'.( 0!$0 0!" #$(2% $-" *.(%0$(0 $% 0!" "*.(.14 *.(B"-,"%

0. $ &.(,D-=( "K='&'#-'=1 1$4 #" *.(0"%0"2G

!

H( *.(0-$%0 0. 0!" -"$%.('(, $#.B"; T$B.'" 6788U; 788@: $(2 <=00 6788V; PQQ8: 3-.3.%"2

1.2"& B$-'$(0% E"$0=-'(, E=&&4 $2A=%0"2 %0"$24 %0$0"%G L.(B"-,"(*" '% *$=%"2 #4 "(2.,"(.=%

$2A=%01"(0% .E #.0! 0!" '( )"# -$0" .E =0'&'F$0'.( $% /"&& $% 0!" !.*!/+!& %"*=&$- -$0" .E

%$&"% ,-./0! 0. 0!"'- -"%3"*0'B"  !"#$%!& -$0"% B'$ !4%0"-"%'% "N"*0%G  !" "(2.,"("'04 .E 0!'%

B$-'$#&"% E.&&./% E-.1 0!"'- 3"-*"30'.( $% *.(B"(0'.(% E.-1"2 #4 I-1% E$*'(, E=(2$1"(D

0$& =(*"-0$'(04 -",$-2'(, E=0=-" "B"(0%G W'-1% 0"(2 0. ,-.=(2 0!"'- $%%"%%1"(0 .E '( )"#

-$0"% $(2 "C3"*0$0'.(% '( 3-"B'.=%&4 .#%"-B"2 -"$&'F$0'.(% /!'*! ,'B"% -'%" 0. $ %&./&4 $(2

$2$30'B"&4 *!$(,'(, *.(B"(0'.( 6T$B.'" 788@:G 0( )"# *$3$*'04 =0'&'F$0'.( 1$4 $&%. #" '(D

0"-3-"0"2 $% $ 0$-,"0 .E I-1% *!.%"( $**.-2'(, 0. 0!" 0!-"$0 .E *.13"0'0'B" 1$-+"0 "(0-'"%

6<=00 788V:G

"

X(2.,"(.=% $2A=%01"(0% .E 0!" '( )"# =0'&'F$0'.( -$0" $% /"&& $% !.*!/+!& %"*=&$- -$0" .E

%$&"% ,-./0! $-" *-=*'$& E.- 1$+'(, 0!" )$&"*+'$( ,-./0! 1.2"& *.(%'%0"(0 /'0! ,+!"&12,+"+!

$($&4%'% /!'&" 3-"%"-B'(, 0!" 3-'(*'3&" .E "N"*0'B" 2"1$(2 6*EG T$B.'" 788U:G

#

?%%=1'(,

 

 !" # $%"&'( !) *+' ,'-#*' )"!. # /#0'123#4 5'"$5'1*3&'6 $'' 7'34 '* #08 9:;<<#6-= #4, >#&!3' '* #08

9:;;?=8

!

@3.30#" *! *+' 343*3#0 1"3*313$. !) *+' 0!4AB"%4 341!4$3$*'41( -'*C''4 *+'  !"#$%!& #4, *+' '( )"# %*3B

03D#*3!4 "#*' 5%* )!"C#", -( E!..3**'"3 9<FGH= #4, I%'"-#1+ #4, @2!** 9<FGG=6 !4' 1!%0, #"A%' *+#*6 34

*+' 0!4AB"%46 J".$ -'1!.' 341"'#$34A0( 1!4J,'4* C3*+ #4 !5*3.#0 %*303D#*3!4 "#*'6 #4, #$ # 1!4$'K%'41'6

341"'#$34A0( #C#"' !) # ,3&'"A'41' *! *+'  !"#$%!& "#*' #4, ,'1"'#$34A0( C30034A *! *!0'"#*' *+3$ ,'&3#*3!48

L+3$ 034' !) #"A%.'4* 3.503'$ *+' -#4,$ #"!%4, *+' !5*3.#0 "#*' *! -'1!.' 34J43*'0( 4#""!C 34 *+' 0!4A "%48

"

L+' *'".34!0!A( %$', 34 *+' 03*'"#*%"' )!" C+#* C' "')'" *! #$ *+' '( )"# "#*' !) %*303D#*3!4 ,'5'4,$

!4 3*$ 34*'"5"'*#*3!48 M$34A *+' #**"3-%*' *+"'&" & !" !,-!.+!& $%AA'$*$ $!.'*+34A ,'J4', -( 1!4&'4*3!4$

C+'"'#$ +" /!+6 -#"''!& !" &!*$ !& 34,31#*' *+' -'03') *+#* J".$ #1*3&'0( 1+!!$' #4 !5*3.#0 0'&'0 !) 1#5#13*(

%*303D#*3!4 C+31+ *+'( #**'.5* *! "'#1+ 34 *+' 0!4A "%48 I$ C' C300 #"A%' -'0!C6 -!*+ 34*'"5"'*#*3!4$ #"'

1!4$3$*'4* C3*+ #4 '4,!A'4!%$0( #,N%$*34A 0!4AB"%4 %*303D#*3!4 "#*'8 7'41'6 C' %$' *+' #**"3-%*' '( )"# *!

34,31#*' *+#* *+' 0!4AB"%4 "#*' .( -' # 1!4&'4*3!4 !" # *#"A'*8

#

O!*' *+#* *+' $*'#,( $*#*' "'K%3"'$ 4! .!"' *+#4 *+' 1!4$3$*'41( !) 'P5'1*#*3!4$6 *#"A'*$ #4, "'#03D',

P



 !"  !# $%& '&(() %* "+)',,'-.#  "/0# /" #, -#$%)#, '&1&' #.2 &"//%3 '&  !# .%&0 /(& "&+

"$$#4 '&0  !# , #"+25, " # '& #/4/# " '%& %*  !# .%&0 /(&6 " *"'.(/# %*  !# $%&7#& '%&". /" #,

 % "+8(, #&+%0#&%(,.2 $"(,#,  !# -",#.'&# 9".#$:'"& )%+#.  % -# #' !#/ 7".'+ %&.2 '&  !#

,!%/ "&+ )#+'() /(& %/ )',5,4#$'1#+ ", ,%)# $/($'". *%/$#, ".'0&'&0  !#  !"#$%!&  %  !#

$%&7#& '%&". /" #, '&  !# .%&0 /(& "/# %)'  #+;

 

<#,4' #  !#'/ $/($'". /%.#, *%/  !# .%&05/(& $%&,', #&$2 %*  !# 9".#$:'"& 0/%3 ! )%+#.6  !#

!24% !#,#, %* "& #&+%0#&%(, '( )"# ( '.'=" '%& /" # "&+ %* "& #&+%0#&%(, !*+!,-!& ,#$(."/

/" # %* ,".#, 0/%3 ! !"7# &% 2# -##& , (+'#+ #)4'/'$"..2 '& " ," ',*2'&0 3"2; >!# #&+%0#&#5

' 2 "/0()#& !", -##& "++/#,,#+ #$%&%)# /'$"..2 -2 ?"7%'# # ".; @ABBCD 3!% $%)4"/#  !#

4#/*%/)"&$# %* +'E#/#& #$%&%)# /'$ '&7#, )#& )%+#.,; F# 6  !#2 +% &% #G4.'$' .2  #,  !#

#&+%0#&#' 2 !24% !#,#,;

!

H:%  @ABBID ', "-.#  % #, ')" #  !# 4"/")# #/, %*  !# "+8(, )#& 

%*  !# $%&7#& '%&".  %  !# /#".'=#+ /" #, -2 J?H "* #/  /"&,*%/)'&0  !# 9".#$:'"& )%+#.  %

#G$.(+# (&%-,#/7"-.# 7"/'"-.#,; K%3#7#/6 '& %/+#/  % 4#/*%/)  !',  /"&,*%/)" '%&6 " /" !#/

,')4.# '&7#, )#& )%+#. !",  % -# ",,()#+; L(/ !#/6  !# %- "'&#+ #, ')" #, )"2 -# -'",#+

+(#  % ,#/'". $%//#." '%& '&  !# /#,'+(".,;

"

>% $%& /'-( #  %  !# #)4'/'$". .' #/" (/#6  !', 4"4#/ ', "& "  #)4  % #, ')" #  !# "+5

8(, )#& 4"/")# #/, "&+  #,  !# #&+%0#&#' 2 !24% !#,#, (,'&0 M("/ #/.2 +" " *%/  !# NH

)"&(*"$ (/'&0 ,#$ %/ */%) OPICQO  % ABBRQC; H'&$# &#' !#/  !# '( )"# /" # %* $"4"$' 2 ( '5

.'=" '%& &%/  !# !*+!,-!& ,#$(."/ /" # %* ,".#, 0/%3 ! "/# %-,#/7"-.#6 3# ,4#$'*2  !# 9".#$:'"&

)%+#. ", " +2&")'$ .'&#"/ )%+#. '&  !# , " # ,4"$# "&+ ( '.'=#  !# 9".)"& 1. #/ 3!'$! ',

"& "44#".'&0 )# !%+ *%/ #, ')" '&0 (&%-,#/7#+ 7"/'"-.#, ", 3#.. ",  !#'/ +2&")'$,; S !",

-##& 3'+#.2 (,#+ '&  !# %/ !%+%G .' #/" (/#  % #, ')" # (&%-,#/7"-.# 7"/'"-.#, ,($! ",  !#

TUSVN @W%/+%& OPPRD ", 3#.. ",  !# "0#&$2 $%, %* #G #/&". 1&"&$# @J0"3" "&+ S'-%,!'

ABBID;

 !"#$%& '%()* +,$ %+$!-. %+!+$ !% ! +,$/0$+(1!" 2/()+ /3 0$3$0$)1$ -/$% )/+ (42". +,!+ (+ (% !1+#!"". 0$!1,$-

() 0$!"(+.& 5/%+ (42/0+!)+". !)- () 1/)+0!%+ +/ 6"!%%(1!" /0 5!07(!) "/)*80#) 4/-$"%9 ! %+$!-. %+!+$ () +,$

:!"$1;(!) 30!4$</0; (% )/+ 20$-$+$04()$- =#+ $)-/*$)/#% !)- 2!+,8-$2$)-$)+&

 

>/0 ()%+!)1$9 5!07(!)% %#1, !% ?#4@)(" !)- A@ . BCDDDE !)- F,!(;, BGHHDE !11$2+ +,$ :!"$1;(!) 4/-$"

3/0 +,$ %,/0+ 0#) =#+ $7+$)- +,$ 4/-$" 3/0 +,$ "/)* 0#) =. ()+0/-#1()* !--(+(/)!" -.)!4(1% () +,$ () $%+4$)+

!)-I/0 %! ()*% 3#)1+(/) +/ $)%#0$ +,$ !-J#%+4$)+ /3 +,$  !"#$%!& #+("(K!+(/) 0!+$ +/ ! 20$-$+$04()$- '( )"#

0!+$& ?#4@)(" !)- A@ . BCDDDE ()+0/-#1$ ! 1$)+0!" =!); 2$03/04()* !)+(81.1"(1!" 4/)$+!0. 2/"(1.& F,!(;,

BGHHDE !%%#4$% L7$- () $%+4$)+ +/ 0(%$ 3!%+$0 B%"/<$0E +,!) /#+2#+ (3 +,$ #+("(K!+(/) -(M$0$)+(!" (% 2/%(+( $

B)$*!+( $E&

!

A! /($ $+ !"& BGHHNE !%%$%%$% +,$ 2$03/04!)1$ /3  !0(/#% () $%+4$)+ %2$1(L1!+(/)% =!%$- /) -(M$0$)+

5!07(!) !)- :!"$1;(!) !-J#%+4$)+ 20/1$%%$%& '%()* !))#!" 6!)!-(!) -!+! /) +,0$$ %$1+/0% 1/ $0()* +,$

2$0(/- CDOH8DP9 +,$. L)- +,$ :!"$1;(!) 4/-$" +/ /#+2$03/04 !"" +,$ /+,$0% =!%$- /) ()3/04!+(/) !)- $)1/48

2!%%()* +$%+%& Q/<$ $09 /)$ 4!. 1!%+ %/4$ -/#=+ /) +,$  !"(-(+. /3 +,$%$ 1/)1"#%(/)%& >(0%+9 +,$ $1/)/4$+0(1

%2$1(L1!+(/) /3 +,$ :!"$1;(!) 4/-$" 3/#)- +/ =$ %#2$0(/0 *( $% 0(%$ +/ ! %$ $0$ $)-/*$)$(+. 20/="$4 !)-9

,$)1$9 +/ =(!%$- $%+(4!+$% B13& F1,/-$0 GHCCE& F$1/)-9 +,$(0 ()+$020$+!+(/) /3 +,$ 0$%#"+% (% R#$%+(/)!="$ !%

+,$(0 20$3$00$- %2$1(L1!+(/) -/$% )/+ () 3!1+ 0$20$%$)+ +,$ ,.%+$0$%(% !0*#4$)+ B13& F;/++ GHHPE&

"

F;/++ BGHHPE %+!0+% 30/4 ! %(42"$ :!"$1;(!) *0/<+, 4/-$" <(+, !-!2+( $ 1,!)*$% () +,$ '( )"# #+("(K!+(/)

0!+$ !)- !*+!,-!& %$1#"!0 0!+$ /3 %!"$% *0/<+,& S/ $"(4()!+$ +,$%$ #)/=%$0 !="$  !0(!="$%9 ,$ !22"($% ! :/.1;

BCDTNE +0!)%3/04!+(/) +/ +,$ 4/-$"& U!%$- /) ,(% 2!0!4$+$0 $%+(4!+$%9 F;/++ 1/)1"#-$% +,!+ +,$ "/)*80#)

%+!=("(+. 1/)-(+(/) /3 +,$ :!"$1;(!) 4/-$" (% )/+ 4$+ $42(0(1!"".& Q/<$ $09 +,$0$ (% %/4$ 0$!%/) +/ =$"($ $

+,!+ ,(% 2!0!4$+$0 $%+(4!+$% 4!. =$ =(!%$- !% -(%1#%%$- =$"/<&

X



 ! !"##$!%$& '( %)$ *+,$-./+0 ,/%$1+%"1$2 3$ !"445!$ %)$ &(0+6/-! 57 %)$  !"#$% "%/,/8+9

%/50 1+%$ %5 75,,53 + 1+0&56 3+,. 415-$!! /0-,"&/0# +0 +&:"!%6$0% %$16 3)/-) /! + 7"0-%/50

57 %)$ ,+##$& &/;$1$0-$ '$%3$$0 %)$ "&$%'(&) +0& %)$  !"#$% "%/,/8+%/50 1+%$< =/6/,+1,(2

%)$ &*+&,-&) !$-",+1 1+%$ 57 !+,$! #153%) /! 65&$,$& +! + 1+0&56 3+,. 415-$!! /0-,"&/0# +0

+&:"!%6$0% %$16 3)/-) /! 415451%/50+, %5 %)$ &/;$1$0-$ '$%3$$0 %)$ ,+##$& 1$+,/8$& +--"9

6",+%/50 1+%$ +0& %)$ ,+##$& &*+&,-&) !$-",+1 1+%$ 57 !+,$! #153%)< =4$-/7(/0# %)$ 65&$, /0

%)$ !%+%$ !4+-$ +,,53! "! %5 &/1$-%,( $!%/6+%$ %)$ +&:"!%6$0% 4+1+6$%$1!<

>)$ 65&$, /! ?%%$& %5 '5%) +##1$#+%$ &+%+ +0& !$-%51+, 4+0$, &+%+< @0 '5%) -+!$!2 3$

+1$ +',$ %5 1$:$-% %)$ 0",, )(45%)$!/! 57 05 $0&5#$05"! +&:"!%6$0%< A51 '5%) %)$  !"#$%

1+%$ 57 -+4+-/%( "%/,/8+%/50 +0& %)$ &*+&,-&) !$-",+1 1+%$ 57 !+,$! #153%)2 3$ ?0& 45!/%/B$

+0& 15'"!% +&:"!%6$0% 4+1+6$%$1! +! 41$&/-%$& '( %)$ ,50#91"0 *+,$-./+0 #153%) 65&$,<

>5 C"+,/7( 5"1 -50%1/'"%/502 3$ &5 05% !$$. %5 +!!$!! %)$ 5B$1+,, $64/1/-+, 4$17516+0-$

57 %)$ *+,$-./+0 #153%) 65&$, 3)/-) )+! '$$0 -1/%/8$&2 +650# 5%)$1!2 '( =.5%% DEFFGH<

 

I+%)$12 3$ 75-"! 50 $!%/6+%/0# /0B$!%6$0% &(0+6/-! %5 !%"&( %)$ $0&5#$0/%( 57 %)$  !"#$%

1+%$ 57 -+4+-/%( "%/,/8+%/50 +0& %)$ &*+&,-&) !$-",+1 1+%$ 57 !+,$! #153%) 3)/-) /! + 41$9

-50&/%/50 751 %)$ B+,/&/%( 57 %)$ )(!%$1$!/! +1#"6$0%< J5%$2 )53$B$12 %)+% %)$ $0&5#$0$/%(

57 %)$ -50B$0%/50+, 1+%$! +&" .& /! 50,( + 0$-$!!+1( '"% 05% + !"K-/$0% -50&/%/50 751 %)$

B+,/&/%( 57 %)$ *+,$-./+0 #153%) 65&$,<  ! +1#"$& '( D-7< =.5%% EFFGH2 751 /0!%+0-$2 %)$

 !"#$% "%/,/8+%/50 1+%$ -5",& 75,,53 %)$ +-%"+, 50$ 3/%)/0 + 41$&$%$16/0$& 0+1153 '+0&2

3)/-) 35",& '$ $C"/45,,$0% %5 %)$ +!!"64%/50 57 +0 $L5#$05"!  !"#$% "%/,/8+%/50 1+%$<

A/0&/0# +0!3$1! %5 %)/! C"$!%/50 /! &$,$#+%$& %5 7"%"1$ 1$!$+1-)<

>)$ 1$6+/0&$1 57 %)$ 4+4$1 415-$$&! +! 75,,53!M =$-%/50 E '1/$N( 5"%,/0$! %)$ '+!$,/0$

*+,$-./+0 #153%) +0& &/!%1/'"%/50 65&$, 3)/-) )+! '$$0 !"':$-% %5 -1/%/-/!6 '( B+1/5"!

$-5056/- !%1+0&! 57 O,+!!/-+, /0!4/1+%/50< >)$02 %)$ 6$-)+0/-! '( 3)/-) %)$ $-5056( -509

B$1#$! %5 + 7",,( +&:"!%$& 45!/%/50 %)15"#) %)$ +&:"!%6$0% 57 %)$  !"#$% "%/,/8+%/50 1+%$ +!

3$,, +! %)$ &*+&,-&) !$-",+1 1+%$ 57 !+,$! #153%) +1$ &/!-"!!$&< =$-%/50 P '1/$N( !"66+1/8$!

%)$ $-5056$%1/- %$-)0/C"$! +44,/$&2 /<$< %)$ !%+%$9!4+-$ 65&$,/0# +4415+-) +0& %)$ *+,6+0

?,%$1< =$-%/50 Q 41$!$0%! %)$ $64/1/-+, 65&$,2 &/!-"!!$! %)$ $!%/6+%/50 !%1+%$#( +0& 1$451%!

%)$ $!%/6+%/50 +0& %$!% 1$!",%!< =$-%/50 R -50-,"&$! %)$ 4+4$1<

 !"#$%&'# ()*'+,-.#, /# ( 0(1.23/(# $&"4,5 -").1

>)$1$ !$$6! %5 $L/!% + -50!$0!"! +650# 6+0( $-5056/!%! 50 %)$ '$)+B/51 57 %)$ $-5056(

/0 %)$ !)51% 1"0< >)$ ,/%$1+%"1$ $64)+!/8$! %)$ 41/0-/4,$ 57 $;$-%/B$ &$6+0& !%+%/0# %)+%

/0B$!%6$0% &$6+0& '$/0#2 &* $ -&2 /0&$4$0&$0% 57 !+B/0#! &1/B$! +##1$#+%$ &$6+0& 3)/-)

&$%$16/0$! 5"%4"% +0& $64,5(6$0%< I$#+1&/0# %)$ ,50#91"0 '$)+B/51 57 %)$ $-5056(2 65!%

$-5056/!%! +#1$$ %)+% %)$ "&$%'(&) "%/,/8+%/50 1+%$ -+005% &$B/+%$ 7156 %)$  !"#$% 1+%$

4$1!/!%$0%,(< S$%2 %)$ +&:"!%6$0% 415-$!!$! +1$ )/#),( &/!4"%$& +! 3$ 3/,, &/!-"!! /0 %)$

 

 !" #$%&'" ()'"*+$), %-."' &/".$*0# 0!"  !"#$%!& 10$'$2)0$-, /)0" 0- 31*01)0" ",-/%-1#'4 $5 0!" "*-,-%4

$# !$0 64 #!-*+#7 8$9", 0!" '$,")/ 5-/% -5 0!" %-."' ),. $0# *-,#0),0 &)/)%"0"/#: ;$0! /")#-,)6'" &)/)%"0"/

9)'1"#7 #!-*+# %)4 "9", *)1#" 0!" "<1$'$6/$1% /)0" 0- '")9" $0# 6-1,.)/$"# -5 = ),. >: ?-@"9"/7 u #""%# 0-

6" /"')0$9"'4 #0)6'" "%&$/$*)''4 31*01)0$,8 %-."/)0"'4 6"0@"", A=B ),. C=B:

Q



 !""!#$%&'

 !" #$% &'(%)*+% ,')%-.*'+ /0123$ 415%)

(!) *$+,"$-$./0 #1 -!%*$21) 3 -"!*12 1-!%!+/ #$.4 3 56127-!18-$1%. .1-4%!"!&/ 3%2 #$.4!9.

&!:1)%+1%. 3-.$:$./' ;41)1 $* !%"/ !%1 4!+!&1%1!9* &!!2 ,)!29-12 #4$-4 $* 9*12  !) <!.4

-!%*9+,.$!% 3%2 $%:1*.+1%.' =1 3**9+1 3#3/ 5612 -!*.*' ;41 1-!%!+/ -!+,)$*1* .#!

-"3**1*> 3 )1,)1*1%.3.$:1 -3,$.3"$*. #4! !#%* .41 +13%* ! ,)!29-.$!% 3%2 4$)1* "3<!)7,!#1)?

3 )1,)1*1%.3.$:1 #!)@1) #4! *1""* "3<!)7,!#1)  !) 3 #3&1 #4$-4 $* *,1%. !% -!%*9+,.$!%

1%.$)1"/' A% .41 *4!).7)9%0 !9) 1-!%!+/ $* )1,)1*1%.12 </ .41  !""!#$%& *1. ! 3&&)1&3.1

)1"3.$!%*>

g = γ + βrr + βu(u− uN) BCD

σ = sr BED
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∑
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