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Abstract

B".))") -6" (1C,$-.%&" # %,1(%.2 $(3(/(-(") 8)(%3 . %"D D"E2F )& %G
%"$ /.-. )"-H B" 1%/ -6.- %,1(%.2 $(3(/(-(") .$" (1C,$-.%- 78- /, %,-
-E" 6" #,$1 # )-(8&EF C$(&")H J%)-"/* -6"F -.E" -6" #,$1 # (%"$-(. (%
$H'$'%E&" CH(&") %/ &)-)* I'%"] ) -6" 1,)- &11,% C$(&") .%/ &,)-)
D(-6(% . 3(:"% K8.$-"$H I"#'$"%&" C$(&") .$" C.$-(&82.$2F (%"$-(.2 .%/ 6."
9% ."$.3" /8$.-(,% # $,8362F ,%" F".$* ""% -6,836 D""E2F C$(&") &6.%3"
$,8362F ,%&" ""$F -D, D"E)H B /,&81"%- -6" $"2.-(,% 7"-D""% C$(&")
9%/ &,)-) %I 1%/ )6.$C ":(I"%&" # )-.-" I"C"%/"%&" (% -6" C$,7.7(2(-F #
$H'$"%E&" CH(&" &6.9%3") %/ (% -6" 1.3%(-8/" # -6")" &6.%3")H B 8)" .
JAC2" 1,/"2 -, .$38" -6.- $"#'$"%&" CH(&") %/ &,)-) .$" 8)'#82 )--()-(&)
#$ 1.8$,"&,%,1(& .%.2F)(H

'B" D,82/ 2(E" -, -6.%E 5$(& <%/"$),%* L($.% 5(%.:* "-" M2"%,D* 9,6% L".6F* <:(: 0":,*
N$.%E ;1"-)* .%/ ;. O(22.)GP,.) #,$ -6"($ &,11"%-)H B" 3$.-"#822F .&E%,D2"/3" 1%.%&(.2
)8CC,$- #$,1 -6" 0.-(,%.2 ;&("%&" N,8%/.-(,%H

"0,$-6D")-"$% Q%(:"$)(-F .%/ OP5!H

- %#,$/ QY%(:"$)(-F .%/ OP5!H

$0,$-6D")-"$% Q%(:"$)(-F* OP5!* .%/ +5'!H



1. Introduction

< &"%-$.2 K8")-(,% (% 1.&$,"8.,%,1(&) () D6"-6"$ %,1(%.2 $(3(/(-(") .$" (1C,$-.%-H
I% JI$"))(%3 -6() K8")-(,% -6" 2(-"$.-8%" 3"%"$.22F .))81") -6.- -6")" $(3(/(-(")
- E"-6" #,$1 # )-(&EF C$(&")* (H'H C$(&") -6.- /, %,- $")C,%/ K8(&E2F -, )6,&E)H
<% (1C,$-.%- %"D 2(-"$.-8%" /()&8))"/ 7"2,D .))"))") -6" (1C,$-.%8&" # %,1(%.2
$(3(/(-(") 7F 1")8%(%3 6,D #"% C$H(&") &6.%3"H J% -6() C.C'$ D" .$38" -6.-
%,1(%.2 $(3(/(-(") .$" (1C,$-.%- 78- -6"F /, %,- %"&")).$(2F -.E" -6" #,$1 # )-(&EF
C$(&") ,$* #,$ -6.- 1.—-"$* )-(&EF &))H J%)-"./* -6"F -.E" -6" #,$1 # (%"$-(. (%
R$"#'$'%&" CH(&"S %/ R$'#'$"%&" &) )HS PF $'#'$"%&" C$H(&" T&,)-U D" 1".% -6
1,)- #"% K8,-"/ C$(&" T&,)-U D(-6(% . 3(:"% -(1" C"$(,/* ).F . K8.$-"$H" J% ,8$
[-.)"- CH(&") %/ &,)-) &6.%3" "$F #$"K8"%-2FV -6" 1"/(.% /8%.-(,% () ,%2F -6$""
D"E) #,$ C$(&") .%/ -D, D"E) #,$ &,)-)H W,D""$* -6" /8$.-(,% # $'#'$"%&" C$(&")
0 .21,)- %" F".$* D6(2" -6" /8$.-(.% # $"#'$"%&" &,)-) () .21,)- -D, K8.$-"$)H
[, 7,-6 $"#'$"%&" CH(&") %/ $"#'$'%&" &,)-) .$" 1886 1,$" (%"$-(.2 -6.% D"'E2F
C$(&") .%/ D"E2F &,)-)H
B6.- /"-"$1(%") -6" 18%.-(,% # $"#"$"%&" C$(&")X Y8$ .%.2F)() #,&8)") ,% -6"
$'2.-(,% 7"-D"% C$(&") .%/ &,)-) C.F(%3 C.$-(8&82.$ .--"%-(,% -, -6"($ $'#'$"%&"
128" H B' $"2F % . 8%(K8" /.-. )" -6.- &%)()-) ,# D™E2F ,7)"$:.-(,%) ,% C$(&"
%/ &,)- 1")8$") #,$ ".&6 (-"1),2/ 7F . 1.Z,$ QH;H $"-.(2"$ (% ,'$ =@ @@ )-,$")H
B" 1%/ -6.- C$(&") .$" JF)-"1.-(&.22F 78- (1C"$#"'&-2F $'2.-"/ -, &,)-)H ;-$(E(%32F*
C$(&") $.$"2F &6.%3" 8%2") -6"$" () . &6.%3" (% &,)-H W,D":"$* C$(&") /, %,- .2D.F)
86.%3" D6"% &,)-) &6.%3" ), -6"$" () )87)-.%-(.2 = $(-(,% (% $".2(["/ 1.$ESC)H
Y8$ .%.2F)() )833")-) -6.- -6" $"-.(2"$ &6,,)") -6" 18%$.-(,% # $"H"$"%&" CH(&")

\6" "]()-"%&" # $"H"$"%&" CH(&") 6.) 7% %,-"/ TF .$(,8) .8-6,%) (% -6" (%/8)-$(.2 ,$3.%(G
[-(,% 2(-"$.-8$" T)"™* #,$ "].1C2" B.$%"$ .%/ P.$)EF T=AANU* ;2./" T=AA>U* <$(3.* 4.-)8(* .%/
B.-.%.7" T?@@=U* ")"%/,$#'$ T2@@?U* W,)E"% .%/ I"( "% T?@@ U* .%/ a,2/7"$3 .%/ W"22"$)-"(%
T?2@@>UUH B(-6 -6" "]&"C-(,% ,# a,2/7"$3 .%/ W"22"$)-"(% T?@@bU D6, 8)" -6" c,1(%(&ES) /.-.
% -6" &)- # 7"$* -6" -6"$ C.C"$) /, %,- 6." /.-. ,% &,)-H




) ) - 2(1(- 1.3E8C . $(.-(,%H B' 7.)" -6() (%6#'$"%&" % -6$™ 19%/(%3)H N($)-*
(% ,"$ 90 C"$&"%- # -6" ,7)"$..-(,%) -6" $".2(["/ D"'E2F 1.$ESC () 7"-D""% C28)
9%/ 1(%8) 10 C"$&"%- # -6" ."$.3" 1.3ESCH ;(3%(1&.%-2F* -6() C.--"$% 6,2/) #,$
3$,8C) # 3,,/) D(-6 /(_"$"%- $'#'$"%&" CH(&" /8%.-(,Y%)H ;"&%/* -6"$" () )6.$C
("%&" # )--" ["C %I"%&" (% -6" C$,7.7(2(-F # $"#'$"%&" C$(&" &6.%3")H \6"
C$,7.7(2(-F # . $"#'$"%&" CH(&" &6.%63" () (%&S".)(%3 (% -6" /(_"$"%&" 7"-D"'% -6"
1.8E8C -6.- D,82/ ,7-.(% (# -6" C$(&" /(/ %,- &6.%3" %/ -6" ."$.3" .28" #
-6" 1.5E8CH \6($/* D6"% -6" $"-.(2"$ &6.%3") $"#'$"%&" C$(&") (- $"G")-.72()6") -6"
128" # -6" 8%8&,%/(-(,%.2 1.$E8C* (H'H -6" $"-.(2"$ C.))") -6$,836 .22 -6" &6.%3")
(% $"#'$'%8&" &,)-) -6.- 6." ,&&B$S" )(%&" -6" 2.)- $"#'$"%&" CH(&" &6.%3"H \E"%
-,3"-6"$* -6")" 19%/(%3) )8CC,$- -6" ("D -6.- -6" $"-.(2"$ &6,,)") -6" /8%.-(,% #
$'H'$"%&" C$(&") -, E™C 1.$E8C) D(-6(% $'2.-("2F %.$$,D 7,8%/)H

B' .$38" -6.- ,85 ":(/"%&" () (%&,%)()-"%- D(-6 -6" -6$™ 1,)- D(/"2F 8)"/
C$(&(%3 1,/"2) (% 1.8$,"8,%,1(&)V d"|(72"GCS$(&" 1,/"2)* )-.%/.$/ 1'%8G&,)-
1,/"2)* %/ +.2:,G)-F2" C$(&(%3 1,/"2)H \6"$" ()* 6,D""$* . )(1C2" CH(&(%3 $82"
-6.- () &9%)()-"%- D(-6 ,8% ":(/"%&"H \6() $82" &.% 7" I"\&$(7"/ .) #,22,D)H '$(&")
I, %,- 3"%"$.22F &6.%3" 8%2")) &,)-) &6.%3"H \6" 8%&,%/(-(,%.2 1.$ESC .%/ -6"
18$.-(,% # -6" $"#'$"%&" C$@&" () 3,,/ )C"&(I&H N,$ .%F 3(:'% 3,,/ -6" %,1(%.2
$H'$'%&" CH&" () ,% ."$.3" . C.$-(&82.$ 1.3ESC ,'$ %,1(%.2 $"#'$'%&" &,)-H
\6" $"-.(2"$ $)"-) -6" $'H'$"%&" C$H(&" ), .) -, E"C -6" .&-8.2 1.$E8C D(-6(%
C28)el(%8)10 C"$&"%- # -6" [)($"/ 1.$ESC ,"$ $"#'$"%&" &)-H Y% ."$.3"
D6'% -6" $'-.(2"$ &6.%3") -6" $"#'$"%&" CH(&" (- $")-.72()6") -6" 8%&,%/(-(,%.2
1.8ESCH B(-6 -6() $82" $"#"$"%&" C$H(&") &.% "16(7(- )87)-.%-(.2 %,1(%.2 $(3(/(-(")
"0 -6,836 D"E2F C$(&") &6.%3" #$"K8"%-2FH

Y8$ $182-) $.0" .% ,7:(,8) K8")-(,%V D6F )6,82/ . 1.8%$,"&,%,1()- &$"

’Y83$ .3§"1"%- D(-6 -6" $"-.(2'$ /,") %,- C"$1(- 8) -, $"C,$- (%#,$1.-(.% .7,8- -6" 2':"2 #
-6" 1.$E8C #,$ .%F ,%" (-"1 ,$ 3%$,8C # (-"1)H




7.8 $"#'$"%&" CH(&") %/ &)X Y%" C)7Q2(F () -6.- 1.8$,"&,%,1()-) &%
)H#'2F .7)-$.8&- #$,1 6(36GHS'K8"%&F 1,:"1"%-) (% C$(&") .%/ &,)-) D6"% .%.2F[G
(%3 -6" %.-8$" # -6" 1,%"-.$F -$.96)10))(,% 1"86.9%()1H N$,1 -6() C"$)C"&(:"*
)(3%(1&.%- C"$)()-"%&" (% $"#'$"%&" CH(&") .%/ &)-) .$" . 1.%(#")-.-(% # . -FC"
# S3((F %,- C$")"%- (% &,%:"%-(,%.2 1.&$, 1,/"2)H <%,-6"$ C,))(7(2(-F () -6.-
6(36GHS'K8"%&F 1,:"1"%-) (% C$(&") .%/ &,)- .$" (1C,$-.%- #,$ 8%/"$)-.%/(%3 -6"
1,%"-.$F -$.9%)1()(,.% 1"&6.%()1H

\ "C2,$" -6")" ())8") D" /""2,C . )(1C2" C.$-(.2G"K8(2(7$(81 1,/"2 D6(&6
&.C-8%") E'F #".-8$") # -6" /.-. -6.- D" /,&81"%- (% ,8$ "1C($(&.2 D,$EH J%
8% )"- 8C -6" 131 &6,,)") . RC$(&" C2.%S D6(&6 &,%)()-) # .)1.22 )'- # C$(&")H
\6" I$1 &.% 1," 7"-D"% C$(&") (% -6() )'- D(-6,8- (%6&8$$(%3 .%F &)-H W,DG
xS () . 1] &) H# &6.%3(%3 -6" CH(&" C2.9%H \6" 1,/"2 () &.2(7$.-"1 ),
-6.* .1,%3)- ,-6"$ -6(%3)* (- () &%)()-"%- D(-6 -6" ,7)"$:"/ /8$.-(,% ,# D"E2F
96/ $'H'$'%&" CH(&" &6.%3")H B' 1(1(& 6" " "&- # . 1,%"-$F C,2(&F )6,&E 7F
&,%)(I"$(%3 . )6,&E -6.-* .7)"%- C$(&(%3 #$(&-(,%)* D,82/ 6." %, " "& % K8.%-(G
-(")H J% -6" C$")"%&" # )-(&EF C2.%) . 1,%"-.$F C,2(&F )6,&E 6.) . 2.$3" " "& %
K8.%-(-(") %/ "$F 2(--2""_"& % C$(&")H ;* 1,%"-.$F C,2(&F 6.) (1C.$-.%- $".2
" "&-) (% ,8% 1,/"2 ""% -6,836 CH(&") &6.%3" #$"K8"%-2FH

\E(%3 ,8$1,/"2 ) -6" -$8" /.-.G3"%"$.-(%3 C$,&")) D" C$,&"/ (% -6" )C($(- ,#
M"6," %/ 4(/$(3.% T?@@bU %/ ./I$")) -6" K8")-(,%V /, )(1C2"$ 1,/"2) C$,:(/"
.3,/ .CC$J(1.-(% -, -6" $".2 " "&) # 1,%"-$F C,2(&FX B' #,&8) .--"%-(,%
% -D, &.2(7$.-(,%) # -6" )-.%/.$/ 1"%8G&,)- 1,/"2H I% -6" 1$)- &.2(7$.-(,% D"
&6,,)" -6" 1"%8 &,)- ), -6.- -6" 1,/"2 1.-&6") -6" #$"K8"%&F # ,7)"$:"/ D"E2F
CH(&" &6.%3")H <) . $7)82-* CH(&") .$" K8(-" d"|(72" .%/ -6" 1,/"2 3"%"$.-") -6"
102"./(%3 &,%&28)(,% -6.- . 1,%"-.$F C,2(&F )6,&E 6.) . "$F )1.22 " "& %
6" 2" #"&,%,1(& .&-(:(-FH J% -6" )"&,%/ &.2(7$.-(,% D" &6,,)" -6" 1"%8 &,)-
), -6.- 6" 1,/"2 $'C$,/8&") -6" ,7)"$:"/ #S'K8"%&F # $'#'$"%&" CH(&" &6.%3")H



<) . $7)82-* C$(&") .$" K8(-" )-(&EF %/ -6" 1,/"2 /,") . "$F 3,/ Z,7 # $'G
CS$,/88(%3 -6" $".2 " "&) # . 1,%"-.$F C,2(&F )6,&EH \6")" $")82-) )833")- -6.-
-6" #$"K8"%&F # $"#'$"%&" CH(&" &6.%3") .$" 1,$" $"".2(%3 .7,8- -6" 8%/"$2F(%3
%.-8%" # %,1(%.2 $(3(/(-(") -6.% -6" )(1C2" #$"K8"%&F D(-6 D6(&6 CH(&") .%/ &.,)-)
&6.%3"H

Y8$ C.C"$ () $"2.-"/ -, -6" $"&"%- 2(-"$.-8%" D6(&6 8)") 1(&S$, /.-. )™) -,
1")8%" -6" #$"K8"%&F # C$(&" &6.%3")H \6" )"1(%.2 .$-(&2" 7F P(2) .%/ M2"%,D
T2@@ U .$38") -6.- C$(&") .$" K8(-" d"|(72"H Q)(%3 1,%-62F &,%)81"$ CH(&") (%/']
T+JU /=% -6"F 1%/ -6.- 1"/(.% /8%.-(,% ,# C$@&") )  4!3 1,%-6)H \6() ")-(1.-"
6.) 7"&.1" . 2(-18) -")- #,$ -6" C2.8)(7(2(-F # 1,%"-$F 1/'2H ' I% &%-$.)-*
0.E.18%. .%/ ;-"(%)),% T?@@bU #&8) ,% %,%G).2" C$(&") .%/ .$38" -6.- -6")"
CH(&") .$" K8(-" (%"$-(.2H B6"% ).2") .$" "|&28/"/* CH(&") &6.%3" % .."$.3" ""$F
"(36- -, 11 1,%-6)H M"6," .%/ 4(/$(3.% T?2@@bU .2), "].1(%" -6" (1C.& #).2")
% C$H(&" (%"$-((H \6"F 8)" .% .23,$(-61 -, /"l%" ).2") C$(&") -6.- -6"F .CC2F -,
D"™E2F )8C"$1.$E"- )&.%%"$ /.-.H \6"F 1%/ -6.-* D6"% ).2") ,7)"$:.-(,%) .$"
"&28/"/* CH(&") &6.%3" ,%&" ""$F4A!5 1,%-6)H B6"% ).2") .$" (%&28/"* CH(&")
&6.%3" ""$F -6$"™ D"E)H 5]&28/(%3 R).2") C$(&")S #$,1 -6" /.-. 6) . 1.Z,$
(1C.& % (%#"$"%&" .7,8- CH(&" (%"$-(H 0,- )8SCS()(%32F* -6"$" () .% ,%3,(%3
'7.-" (% -6" 2(-"$.-8$" .7,8- 6,D -, /'l%" . ).2" .%/ D6"-6"$ ,%" )6,82/ -$".-
R$"382.$S .%/ R).2")S C$(&") )F11"-$(&.22FH <% ./.%-.3" # D,$E(%3 D(-6 $"#"$"%&"
C$(&") () -6.- D" /, %,- %™/ -, -.E" . )-%/ % D6.- ).2") .$" $ D6"-6"$ -6"F
$")C"&(.2 ""%-) -6.- )6,82/ 7" /()$"3.$/"/ TF 1.8$,"&,%,1()-)H

\6() C.C"$ () ,$3.%(["/ .) #,22,D)H ;"&-(,% ? /")&$(7") ,8% /.-. %/ /()&8))")
6" $'2.-(,% 7"-D"% ,8$ 1")8$" # &)- %/ 1.$3(%.2 &)-H JI% ;"&(.% f D"
&1C.$" -6" 7"6..(,$ # D™E2F C$(&") %/ $'#'$"%&" CH@&)H JI% :"& (% ° D"

Foms g 6 102" <2-(3* +6$()-(.%,* 5(&6"%7.81* .%/ L(%/" T?2@@ U* .%/ a,2,),: .%/ L8&.)
T?2@@gUH




&,%$.)- -6" 7"6.:(,$ # D"E2F &,)-) .%/ $"#"$"%&" &,)-)H J% ;"&-(,% " D" "].1(%"

6" $"2.-(,% 7"-D"% &,)- .%/ C$(&" &6.%3")H J% :"&(,% g D" /,&81"%- ./I(-(,%.2
#'.-88") # -6" /.-. -6.- .$" 8)'#82 #,$ ".28.-(%3 -6" C2.8)(7(2(-F # /(_"$"%-
C$(&(%3 1,/"2)H I% ;"&-(,% b D" /()&8)) -6" (1C2(&.-(,%) ,# ,8$ "1C($(&.2 19%/(%3)
#$ .$(,8) C$(&"G)"--(%3 1,/"2)H I% :"&(,% > D" C$")"%- . )(1C2" )-(&EFGC2.%
1,/"2 D6(&6 D" 8)" -, /)&8)) -6" $'2".%68" # $"#'$"%&" C$(&") .%/ &,)-)H :"&-(,%

A &,9%828/")H

2. Data

Y8$ .%.2F)() () CS$(L.$(2F 7.)" % )&.%%"$ /.-. #$,1 . 2.$3" #,,/ %/ /$83 $"-.(2"$
6. ,C"$.-") 1,$" -6.%  1"000 )-,$") (% /(_"$"%- QH;H )-.-")H \6" ).1C2" C"$(,/
() ?2@@ -, ?@@gH B' 6." ,7)"$:.-(,%) ,% D"E2F K8.%-(-(") .%/ ).2") $":"%8"
#.$ $,8362F50"000 (-"1) (% ".&6 # -6" $"-.(2"$S) )-,$")H PF .% (-"1 D" 1".% .
3,,/% ) I"I%"] TF (-) 8%(:"$).2 C$,/8&- &' TQ'+U* (% . C.$-(&82.$ )-,$'"H B
962F (%&28/" (-"1) -6.- .$" (% -6" /.-. )- #,$ . 1(%(181 # 12 D™E) (% ""$F
K8.$-"$ # -6" "%-($" -6$"'GF".$ C"$(,/H \6() $'K8($"1"%- $"/8&") ,8$ ).1C2" -,
21 )-$") %/ "@" -6,8).%/ Q'+G)-$" C.(5)H 4,)- # -6" (-"1) (% ,8% /.. )'-
$" (% -6" C$,&")" #,,/* 8%CS$,&")" #,,/* 6,8)"6,2/ #8$%()6(%3)* %/ R,-6"$
3,.)S &-"3,8(") #-6" +IH 6" $".(2"$ &2.))(I") (-"1) .) 7"2,%3(%3 -, %" #
200 &.-"3,$(") T'"H3H &,2/ &'$".2U .%/ D" 8)" -6" $"-.(2"$S) &.-"3,$F &2.))(1&.~(,% (%
8% .%.2F)(H

B' 8)" ,8$ /.-. % ).2") $""%8" %/ K8.%-(-(") ),2/ -, &1C8-" -6" C$(&"
#$ ".&6 (%/(:(/8.2 (-"1H \6" $"-.(2"$ ./Z8)-) C$(&") ,% . D™E2F 7.)0* ), /.(2F
1,"1"%-) (% C$(&") .$" %,- . ),85&" # 1")8$"1"%- "$$,$ (% ,8$ D™E2F C$H(&")
1")8$")H Cc"YC(-" -6" 6(36 K8.2(-F # )&%%"$ /.-. -6"$" .$" )""$.2 C,-"%-(.2

'51.1C2") # (-"1) (% -6" R,-6"$ 3,,)S &-"3,$F (%&28/" 2.8%/$F /'-"$3"%-)* d,D"$)* %/
1.3.[(%")H




),8%&") #1".)8$"1"%- "$$,$ .)),&(.-"/ D(-6 ,8$ C$(&" 1".)8$"H N($)-*),1" (-"1)
$),2/ - . 10&8%- -, &8)-,1"$) D6, 6. . 2,F.2-F &$/H & %/* ),1" (-"1)
$" /()&,8%-"/ D(-6 &,8C,%)H \6($/* -6"$" .$" -D,* ,$ 1,$™ #,$ ,%" C$,1,-(,%)H
JH -6"$" .$" &6.%3") 'S -(1" (% -6" #$.&-(,% ,# &8)-,1"$) D6, -.E" ./.%-.3" #
-6")" -FC") # /()&,8%-)* -6"% ,8$ C$,&"/8$" #,$ & 1C8-(%3 C$H(&") D,82/ (%/8&"
)C8%(,8) CH(&" &6.%3")H N,$ -6")" $".),%)* ,8% ")-(1.-") # -6" /8$.-(,% ,# D""E2F
9%/ $"#'$"%&" CH(&") C$,:(/" 2,D"$ 7,8%/) % -6" -$8" /8%.(,% )-.-()-(&)H

B' &,%)-$8&- . D"'E2F 1".)8$" # -6" $"-.(2"$S) &,)- #,$ ".&6 (-"1 (% ".&6 )- $"*
8)(%3 /.-. % ).2") %/ ./1Z8)-" 3%,)) C$,I-H \6" 2.--"$ () /"I%"/ )V

</Z8)-"I 3%,)) C$,I- =;2") %+,)- #3,/)H

\6" &)- # 3,/) () 6" "%/,$ &) %"~ # /()&,8%-) %/ (%&28)(:" # )6(CC(%3
&))H \6() 1".)8%" () -6" 1,)- &,1C$"6"%)(:" &,)- 1".)8%" ..(2.72" -, 8)H \6()
&)- 1")8%" () :("'D"/ TF -6" $"-.(2"$ .) 1".)8%(%3 -6" $'C2.&"1"%- &,)- # %
(-"1 %/ (- () -6" &,)- 1".)8$" D6(&6 -6"F 8)" (% -6"($ CH(&(%3 /"&()(,%)H

\6" $"2.-(,% 7"-D"'% ,8% &)- 1")8%" %/ 1.$3(%.2 &,)- ["C"%/) % -6"
%.-8%" # -6" $"-.(2"$S) C$,/8&-(,% #8%&-(,%H ;8CC,)"™ #,$ "l.1C2"™ -6.- -, )"22
96" 8%(- # % (-"1* -6" $"-.(2"$ 18)- 6. %" 8%(- # -6.- (-"1 .%/ %" 8%(- # .
&1C,)(-" #.&,$ C$,/8&8" 8)(%3 2.7,$ .%/ &.C(-.2H B' ["%," 7TF # -6" %817"$ #
89%(-) # -6" & 1C,)(-" #.&,$ .%/ TF $ -6" C$(&" # -6() #.&-,$H \6" D6,2").2" CH(&"
#-6" ("1 () 3("% 7F 9% B' .))81" -6.- (% -6")6,$- $8% # () C$"/"-"$1(%"/H
:8CC,)" -6.- -6" &,)- #)"22(%3 & 8%(-) ,# -6" (-"1 () 3(:"% TFV
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%,- "K8.2 #H B6'%& () 3%".-"$ -6.% # -6" &)- # CS$,:(/(%3 -6" "-$. & %#
300 (H B )8Ll"-6- ()$ +% B' &% (%-"$CHL % ($ + % .) -6"
(1C2(&(- &,)- # .)-,&E,8-* ,$ -6" &,)- # 1"™-(%3 8%8)8.22F 6(36 /"1.%/* ).F TF
B6($(%63 ,"$-(1" 2.7,$ %/ ,7-.(%(%3 $8)6 ,$/"$) #$,1 -6" D6,2").2"$H 0,-6(%3 ,#
(1C,$-.%8&" -6.- #,22,D) I"C"%/) ,% -6() .J1(--"I2F )(1C2()-(& 1,/"2 # -6" &,)-
# 1™-(%3 8%8)8.22F 6(36 /"1.%/H

\6" $"-.(2"$ &6,,)") # -, L(%(L([" -6" "[C"&-"/ &,)- #)"22(%3 & 8%(-)V

min® [ (&)] =  ($# +%QHE&)& +  [$# + %+ (& %#)] +(&),& *
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D6"$" +(-) () -6" C$,7.7(2(-F /"%)(-F #8%&-(,% &H W"$" D" 1.E" -6" )(1LC2(#F(%3
))81C-(,% -6.- %) E%,D% D6"% () &6,)"%H \6" ,C-(1.2 .28™ #'*).-OI")V
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1.$3(%.2 &,)-H
\6"$" .$" ,-6"$ C$,/88&-(,% #8%&-(,%) #,$ D6(&6 ,8% &,)- 1".)8%" 1.F %,-
&,%$$")C,%/ &2,)"2F -, 1.$3(%.2 &,)-H N,$ ".1C2"* )8CC,)" -6.- $"-.(2 ,8-C8-*&*
0 3(:"% 7FV
&=/ "0~

D6"$" 0 () -6" %817"$ # (-"1) C8$&6.)"/ 7F -6" $"-.(2"$ #$,1 -6" D6,2").2"$H
\6" &,)- #".&6 (-"1 () 3("% 7F 9 <) .7, )8CC,)" -6.- # () C$"/"-"$1(%"/
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78- ,C-(1.22F &6,)"%H \6"%* )6,$- $8% 1.$3(%.2 &,)- () 3(:"% 7FV
$ 1# "#“(3/'0& (1" H#" .
1 (1%1)% 1 ) (&% )+(&),& i
0,-" -6.% .7)"% 8%&"$-.(%-F* 1.$3(%.2 &)- () &%)-%H \6" C$")'%&" #
8%&"$-.(%-F 1.E") 1.$3(%.2 &,)- .% (%&S$".)(%3 #8%&-(,% # ,8-C8-A 3)) -,
%" 16,$-G$8% 1.$3(%.2 &,)- .CC$,.869H ;,* -6" 6(36'$ 1 () -6" 7"--"$ 8% &,)-
1")8%" () .) . C$JF #,$ 1.$3(%.2 &)-H J% -6" $"1.(%/"$ # -6" C.C"$ D" C$,&™/
8%/"$ -6" .))81C-(,% -6.- ,85 &)- 1")8$" () . $),%.72" C$JF #,$ 1.$3(%.2
&,)-H
<) . $,78)-%") &6"&E D" 8)" . )"&,%/ I.-. )"~ | 7-(%"l #$,1 c,1(%(&ES)* .
&6.(% # 35,8"SF )-$") (% -6" 4(/D")- D(-6 100 ,8-2")H \6() /.-. )"~ 6.) 7%
8)"/ (% . - $("-F # -6"$ )-8/(") T"H3H +6™.2("$* M.)6F.C* .%/ 1,))( T?@@fU .%/
4(/$(3.% T?@@gUUH \6" ¢, 1(%(&ES) /.-. )"~ (%&28/") D™E2F ,7)"$:.-(,%) % C$(&"
9%/ ).2") $"%8" #:$ 3"500 (1) ,"$ -6" C"$(,/ =A>SAG=AAbH \6() )"~ (%&28/") .
&,)- 1")8%"H W,D""$* -6() 1")8$" /,") %,- & $$")C,%/ -, -6" $"C2.&"1"%- &,)-
$ 6" 2.)- D6,2").2" C$H(&" .- DB6(&6 c,1(%(&ES) 7,836 -6" (-"1* 78- $.-6" -6"
5,37 &K8()(-(% &,)- # -6" (<"1) (% (%:"%-$FH +%)"K8"%-2F* D" /, %,- 8)"
6() &,)- 1")8%"H
Y8$ )&.9%%"$ /.- 6.) 1.%-.3") %%/ /()./:%-.3") $"2.-(:" -, 6" +J /.-,
8)" 7F .8-6,3) )8&6 .) P(2) .%/ M2"%,D T?@@'U .%/ 0.E.18$. .%/ :-"(%)),%
T2@@bUH < /()./:%-3" () 6.- 85 /.- )*-) ], %,- &:"$ .22 # -6" 3,,/) (% -6"
+IH W,D""$* -6" 1"/(.% #$"K8"%&F # C$(&" &6.%3" () -6" ).1" #,$ -6" (-"1) (%
85 [~ )™) %/ -6" +J T)E-H % -6() )"%)™ -6" (-"1) (% ,8% /.- )"~ .$"
%,- 8%$"CS")'%--(" # -6,)" (% -6" +3 7)E"H <% (1C,$-%- /% 3" # 8%
)&.9%%"$ /.- () -6.- (- () .(2.72" .- . D" E2F #$"K8"%&F %/ (%&28/") (%6#,$1.-(,%
7,8- K8.9%-(-(") %/ &,)-)* ) D22 ) C$(&")H
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a("% -6" 2.$3" %817"$ # (-"1) (% ,8$ /.-. )"- D" 18)- /,C- . C$,&"/8$"
-, C.$)(1,%(,8)2F $'C,$- ,8$ 1%/(%3)H Q%2")) )-.-"/ ,-6"$D()"™ -6" )-.-()-(&) -6.-
D" $'C,$- .$" &1C8-"/ ) #,22,D)H N($)-* D" &.28&82.-" -6" 1"(.% :.28" # .
)--0-(& .&3,)) .22 (-"1) (% . 3(:"% &.-"3,$FH B" -6"% &,1C8-" -6" 1"/(.% # -6"
200 &.-"3,$F 1"/(.%)H <) . $,78)-%") &6"&E D" .2), $'C,$- $")82-) #,$ $""%8"G
D"(36-"/ 1"/(.%) .&$,)) &-"3,$(")H

3. The behavior of weekly prices and reference prices

J% -6() )"&(,% D" &,1C.$" -6" 7"6.:(,$ ,# D"E2F .%/ $"#"$"%&" C$(&")H 1"€.22 -6.-
6" $"H#'$"%&" CH(&" # % ("1 () -6" 1,)- &11,%2F ,7)"$:"/ C$(&" #,$ -6.- (-"1

D(-6(% . K8.$-"$H B' $"#'$ -, .22 -6"$ CH(&") .) %,%$"#"$"%&" C$(&")H Y8$ 7.)(&
19%/(%3) (% -6() )"&-(,% .$" -D#,2/H N($)-* .&8,$/(%3 -, .$(,8) 1"-$(&) $"#"$"%&"
C$(&") .$" (1C,$-%H :"&%/* $"#'$'%&" CH(&") .$" 18&6 1,$" C"$)()-"%- -6.%
D"E2F C$(&")H

Reference prices B(-6(% . 3(:"% K8.$-"$* D"'E2F C$(&") -FC(&.22F d8&-8.-" 7"G
-D"™% $"#"$"%&" .%/ %,%$"#"'$"%&" CH(&")H \ )811.$([" -6")" D(-6(%GK8.$-"$ d8&G
-8.-(,.%) D" ")-(1.-" . -D,G)-.-" 4.9E,: &6.(%H J% )-.-" ,%" -6" D"'E2F C$(&" ()

"K8.2 -, -6" $"#"'$"%&" CH(&"H I% )-.-" -D, -6" D™E2F C$H(&" () /(_"$"%- #$,1 -6"
$'#'$"%&" CH&'H \6" .."$.3" ")-(1.-"/ 4.9E,: &6.(% .&3$,)) &.-"3,$(") () 3(:"%

TFV
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9B" ")-(1.-" -6" -$.%)(-(,% 1.-$(] #,$ -6" 4.9E,: &6.(% #,$ ".&6 (-"1 (% """$F K8.$-"$ (%
8% ).1C2" %/ -.E" -6" ."$.3" "$ .22 K8.$-"$)H B" -6"% &,1C8-" -6" ."$.3" -$.%)(-(,%
1.-$(0 #$ (-"1) D(-6(% . &-"3,$FH N(%.22F* D" &,1C8-" -6" .."$.3" -$.%)(-(,% 1.-$(] .&$,))
&.-"3,$("H



J- 0 ("% #$,1 2 ¢ -6.-* #,$ 1)- D™E) (% . 3(:"% K8.$-"$* -6" D"'E2F C$H(&"
&,(%&(/") D(-6 -6" $"#"$"%&" CH(&"H J%-"$")-(%32F* -6" D-$(]) & %)()-"%- D(-6
-6" %,-(,% -6.- D™E2F C$(&") 6." R1"1,$FHS B6"% C$(&") 1, .D.F #$,1 -6"($
$H'$'%&" 128" -6"F 6." . -"%/["%&F -, $"-8$% -, -6.- .28"H J% C.$-(&82.$* %,%G
$H'$"%&" CH(&") $"-8$% -, . 3(:"% $"#'$"%&" CH(&'3DE6$&"%- C$,7.7(2(-FH

\6"1.-8( 2 5 C"$-.(%) -, D(-6(%GK8.$-"$ C$(&" d8&-8.-(,%)H B %,D K8.%-(#F
6" (1C,$-.%&" # $'#'$"%&" CH(&") 8)(%3 )-.-()-(&) &.2&82.-"/ .&$,)) K8.$-"$)H QUG
2") ,-6"$D()" (%/(&.-"1 -6")" )-.-()-(&) .$" $"C,$-"/ (% \72" =H N($)-* 29 C"$&"%-
# .22 CH(&" &6.%3") (%:,2" 1,"1"%-) #$,1 . %,%$"#'$"%&" CH(&" -, . $"H#'$"%&"
C$(&"'H :"&,%/* -6" D"E2F C$(&" () "K8.2 -, -6" $"#'$"%&" C$(E2 (V& %- # -6"
D™E)H \6($/* 6.2# # -6" -,-.2 K8.%-(-(") ),.2/ .$" ), 2/ .- $"#'$"%&" CH(&")H N,8$-6*
54 C"$&"%- # -6" $""%8" () &,22"&"/ - $"#"$"%&" CH(&")H N(#-6* -6" )-.%/.$/ I'G
((-(% # K8.%-(-(") ),2/ .- $"#'$"%&" CH(&") () $,8362F -6" ).1".) -6" )-.%/.$/
I":(-(% # K8.%-(-(") ),2/ .- %,%$"#'$"%&" C$(&")4D "$)8) 43 C"$&"%-* )" \ 72"
2UH \6" I$)- -6$™ ,7)"$:.-(,%) (1C2F -6.- CH(&") .$" #"% "K8.2 -, $"#"$"%&"
C$(&") %/ C$(&" 1,"1"%-) .$" #"% 1,"1"%-) -D.$/ $"#'$'%&" CH&")H \6"
2)- D, ,7)"$.-(,%) (1C2F -6.- $"#'$"%&" C$(&") .$" (1C,$-.%- (% -"$1) # -6"
22 9%/ 2.-(2(-F # K8.%-(-(") ),2/H

\6"$" () )87)-.%-(.2 6"-"$,3"%"(-F (% -6" (1C,$-.%&" # $"#'$"%&" C$(&") .&$,)
&-"3.8(")H \ (228)-$.-" -6() C,(%- N(38$" = /()C2.F) -6" /()-$(78-(,% ,# D"E)
)C"%- %/ K8.%-(-(") ),2/ .- -6" $"#'$"%&" CHE&'M.$ 1.$" -6.% 75 C"$&"%- # -6"
&.-"3,$(") -6" CH(&" # -6" 1"/(.% (-"1 D(-6(% . &-"3,$F () "K8.2 -, -6" $"#"$"%&."
C$(&" 1,%" -6.9% 50 C"$&"%- # -6" -(1"H W,D""$* -6"$" .$"),1" "]-$"1" ,8-2("$
&-"38(")H N$ 1.3.[(%") -6" CH(&" %""$ &6.%3") (% ,8% ).1C2"H JI% &% $.)-*

b'g 22 6.- #,$ . 3(:"% ("1 (% . 3(:"% K8.$-"$ -, 7" (%&28/"/ (% -6" /.-. )"- D" $"K8($"
-6.- -6"$" 7" "(-6"$ =2 ,$ =f D"'E) #,7)"$:.-(,%) #,$ -6.- (-1 .%/ #,$ -6.- K8.$-"$H \6() $82"
(1C2(") -6.- -6"$" .$" %2F 2" C,))(72" 1.28") T=e=?* 2e=2*HHH=?e=7* =e=f* 2e=f* HHH =?e=fU #,$ -6"
C"$&"%-.3" # D"E) )C'%- .- -6" $"#"$"%&" C$(&"H
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#$ -6" &.-"3,8(") 38.C")* 7.9%.%.)* .%/ C".$) -6" D"'E2F C$(&" &,(%&(/") D(-6 -6"
$H'$'%&" CH(&" ,%2F "(36- C"$&"%- # -6" -(1"H \6" $(36- C.%"2 # N(38$" = )6,D)
-6.% #,$ 70 C"$&"%- # -6" &.-"3,$(")* -6" K8.%-(-F # -6" 1"/(.% (-"1),2/ .- -6"
$H'$'%E&" CH(&" () 7,0 C"$&"%- # --.2 ).2")H <3.(%* 1.3.[(%")* 7.%.%.) %/
C".$) .$",8-2("$ &.-"3,$(")H

\6$,836,8- -6() C.C"$ D" &.2&82.-" -6" $"#'$"%&" CH(&" # % (-"1.) -6" 1,)-
&11,% C$(&" #,$ -6.- (-"1 D(-6(% . K8.$-"$H B' &6,,)" -6" K8.$-"$ .) -6" 8%~
A (1" )(%8&" 1,)- K8.%-(-~(" 1.&$, 1,/"2) 8)" K8.$-"$2F /.-.H W,D""$* -6"
7.)(& $"#'$"%&" C6"%,1"%,% "1"$3") ""% D6"% D" /"'I%" $"#"$"%&" C$(&") .) -6"
1)- &11,% C$(&" (% . 1,%-6H c8%(%3 -6" 36 1,%-6) (%&28/"/ (% ,8% ).1C2"
42 C"$&"%- # -6" 1,%-62F $"#'$"%&" CH(&") .$" (/"%-(&2H ;* ""% .- -6" 1,%-62F
HS"KB"%&F* -6"$" () . $"#"$'%&" CH(&" -6.- )"$:™) ) % .-$.&.$ .$,8%/ D6(&6
D"E2F C$(&") d8&-8.-"H

Price persistence B" %,D &,%-$.)- -6" C"$)()-"%&" C$,C"$-(") ,# D"'E2F C$H(&")
96/ $H'S"%&" CH(&")H <88,$/(%3 -, \ 72" f-6" C$,7.7(2(-F # . D"E2F C$(&" &6.%3"
() 0'43H \6" (1C2("/ 18%.-(,% ,# . D"™E2F C$(&" ()2!3 D"E) ,$ 0!18 # . K8.%-"$H
\6" -,C C.9%"2 # N(38$" ? [()C2.F) -6" 1()-$(78-(,% ,# -6" 185.-(,% ,# D""E2F C$(&")
8$,)) &-"3,$(")HA +2".$2F* D"E2F C$(&") .$" %,- )-(8EFH

3% )6.$C &,%-$.)- -, D"E2F C$(8")* -6" C$,7.7(2(F # . $"#'$"%&" CH(&" &6.%3"
0 0127H :* -6" (1C2("/ 185.-(,% # $"#'$"%&" CH(&") () $,8362F7 K8.$-"$) T)™
\72" fUHF@\6" 7,--,1 C.%"2 # N(38$" ? /()C2.F) -6" /()-$(78-(,% ,# -6" 18%.-(.%

>\, #.&(2(--" &1C.$(),%) D(-6 ,-6"$ ")-(1.-") (% -6" 2(-"$.-8$" D" &.2&82.-" /8%.-(,% .)
6" (%:"$)" # -6" #$'K8"W&F # CH(&" &6.%3"H < )6,$-& 1(%3 # -6() &.2882.(,% () 6.- (- .7G
)-$.8°) #$,1 -6" 7(.) .),&(.-"/ D(-6 9"%)"%S) (%"K8.2(-F T)"™ +.1C7"22 .%/ 5/"% T?@@"U #,$ .
10&8))(,%UH

A(%8&" 1.3.[(%" CH(&") %""$ &6.%3" (% ,8% ).1C2" -6"F 6.." .% (%I%(-" D""E2F C$(&" /8$.G
-(%H N$ -6() $".),% D" "|&28/"/ 1.3.[(%") #$,1 N(38$" ?H

=@)05-$(38(%32F* -6() /8$.-(,% $,8362F &,(%&(/") D(-6 -6" 1,/.2 $")C,%)" -6.- P2(%/"$* +.%"--(*
L"7,D* .%/ 18/l T=AA>U ,7-.(%"/ D6"% -6"F )E"/ I$1)V 6,D #-"% /,") -6" C$(&" # F,8$ 1,)-




H# $H'$'%&" CH(&") .&$,)) &.-"3,$(TH\6() 138$" )6,D) -6.- 80 C"$&"%- ,# -6"
&.-"3,8(") 6." $"#'$"%&" CH(&" /18%.-(,% 3$".-"$ -6.%20 D"E)H +2".$2F* -6"$" ()
)87)-.%-(.2 (%"$-(. (% $"#"$"%&" CH(&")H \6")" CH(&") "16(7(- %,1(%.2 $(3(/(-(") -6.-
$" %,- $"".2"/ 7F )-8/F(%3 D"'E2F C$(&")H

Y%" 1(36- 7" &,%&"$%"/ -6.- $"#"$"%&" CH(&") Z8)- &,$$")C,%/ -, R)-(&EF C$(&")HS
N$ "].1C2"* (# C$(&") D'$" 2(-"$.22F &,%)-.%-* . $"#'$"%&" C$(&" D,82/ .&&,8%- #,$
100 C"$&"%- # -6" CH(&" ,7)"$:.-(%)H J% #.&* $"#'$"%&" CH(&") /, %,- %"&")).$(2F
&,$$"C,%/ -, R)-(&EF C$(&")HS 6" 1"/(.% C"$&"%-.3" # K8.$-"$) .&$,)) &.-"3,%(")
(% D6(&6 D™E2F C$(&") .$" &%)-.%- #,.$ .% "%-($" K8.$-"$ () ,%2F -"% C"$&"%-H J%
H&* $H'SNE" CH(&") .$" KB(-" 1,2.-(2"H <&&$/(%3 -, \72" ? $'#'$"%&" CH(&") .$"
$,8362F60 C"$&"%- .) :,2.-(2" .) D"E2F C$(&")H \6() $")82- () $,78)- -, D6"-6"$
D" D,$E D(-6 2,3 2""2) ,$ 3$,D-6 $.-")H”

Nonreference prices and sales prices 0,%%$"#'$"%&" C$(&") /, %,- %"&")).$(2F
&,$$")C,%/ -, R).2") CH(&")HS J% 2R $8"%- # %, %S #'$"%&" CH(&") (% ,8%).1C2"
$" .&-8.22F higher -6.% -6" 8,$$")C,%/(%3 $'#'$"%&" CH(&" T)™ \72" =UH

3% CH(%&(C2"™ -6" 196/(%3 -6.- 1.%F %,%$"#"$"%&" CH(8") .$" 6(36"$ -6.% $#'$G
968" CH(&") 8,82/ 7" )C8$(,8) #,$ -6" #,22,D(%3 $".),%H Y8S C$,&"/8%" #,$ /"1%(%3
. $"#'$"%&" CH(&" .))81") -6.- -6" I$1 1.E") /"&()(,%) ,% . K8.3-"$2F 7.)()H \6()
)BLC-(.% 1(36- 7" (%&$$'&H :8CC))" -6.- -6" $".(2"% (%&S")") -6" .&-8.2
$H'E'68" CH(&" -D.B) -6" "%/ # . 3("% K8.3-"SH Y8$ C$,8"/8$" D,82/ &2.)G

(1C,$-.%- C$,/8&- &6.%3" (% . 3(:"% F".$X

==1"8.22 -6.- #,$ % (-"1 -, 7" (%&28/"l (% ,8% /.. )"- D" $"K8($" -6.- -6"$" 7" =? K8.$-"$) #
[-. #$ -6() (-"1H \6() $82" (1C2(") -6.- -6"$" .$" ,%2F == C,))(72" .28") #,$ -6" #$"K8"%&F #
$H'$"%&" CH(&" &6.%3")H \6" %817"$ # $"#'$"%&" CH(&" &6.%3") &.% 7" "K8.2 -, ,%"* -D,*HHH* ==H
+,9%)"K8"%-2F -6"$" .$" =? C,))(72" 1.28") #,$ -6" K8.$-"$2F #$"K8"%&F # $"#'$"%&" CH(&" &6.%3"*
@* =e==* Pe==* HHH ==e==H \6"$" .$" .2), =? C,))(72" .28") #,$ -6" /8$.-(,% # $"#'$"%&" CH(&")V
' % ==* ==g?* ==ef*HHH =H J% N(38$" ? -6")" K8.$-"$2F /8%$.-(,%) .$" 182-(C2("/ TF =f -, & %:"$-
-6"1 -, D""E2F /8$.-(,%)H

=B 7-.(% . )(1(2.$ 1%/(%3 #,$ -6" $"2.-(:" 1,2.-(2(-F # %"D D"E2F C$(&") .%/ %"D $"#'$"%&"
CS$(&") T)™ \.72" 2UH




)JHF -6,)" CH(&") .) %,%$"#'$"%&" CH(&") -6.- .$" 6(36"$ -6.% -6" $"#'$"%&" CH(&"H
((1(2.$2F* )8CC,)" -6" $"-.(2"$ 2,D"$) -6" $"#"$"%6&" CH(&" %".$ -6" 7"3(%%6(%3 # -6"
K8.$-"$H Y8$ C$,&"/8$" D,82/ &2.))(#F -6" .&-8.2 ,2/ $"#'$'%&" C$(&") -6.- ,&&8S$
(% -6" 7"3(%%(%3 # -6" K8.$-"$ .) 6(36"$ -6.% -6" 1")8%"/ $"#"$"%&" CH(&" #,$
-6.- K8.$-"$H

\ C$,/8&" .% 8CC"$ 7,8%/ ,% -6" K8.%-(-.-(:" (1C,$-.%&" # -6")" -D, )&"'G
%.$() D" &,1C8-" -6" #$.8-(,% ,# -6" 6(36 %,%$"#'$'%&" C$(&") -6.- .$" %,- "K8.2
., -6" $"#"$"%&" CH(&" (% -6" C$":(,8) ,$ )87)"K8"%- K8.$-"$H B" 1%/ -6.- -6()
#$.8-(,% () "K8.2 -,60 C"$&"%-H :,* . 2,D"$ 7,8%/ #,$ -6" #$.&-(,% # %,%$"#'$"%&"
C$(&") -6.- .$" .&-8.22F 6(36"$ -6.% -6" &$$")C,%/(%3 $"#'$"%&" CH(R"C)'$&"%-
121 -(1") 0160UH \E"% .) . D6,2" ,8% $")82-) (%/(&.-" -6.- %,%$"#"$"%&" CH(&")
$" %,- %"&")).$(2F R).2" C$(&")HS

Some robustness checks <) /()&8))"/ .7," -6"$" &% 7" )C8%(,8) &6.%3")
(% C$(&") (% ,8% /-. )"~ )),&(-" D(-6 -6" -(1"G.$F(%3 8)" # 2,F.2-F &$/)*
&,8C,%)* .%/ C$,1,-(,%)H +,%)"K8"%-2F* ,8% ")-(1.-" ,# -6" /18%.-(,% ,# D"'E2F
CH(&") M18 # . K8.$-"$U () . 2,D"$ 7,8%/ ,% -6" -$8" /8%.-(,% ,# D""E2F C$(&")H
N$,1 -6() C"$)C"&-(:" CH(&") &,82/ 7" 1,$" (%"$-(.2 -6.% )833")-"/ 7F ,8% C,(%-
")-(1.-)H B' 8)" -D, .CC$,.&6") -, .))")) -6" C,-"%-(.2 (1C.&- ,# 1".)8%"1"%-
"$$,$ ,% ,8% /8%.-(,% ")-(1.-")H

N($)-* D" $"&,1C8-" -6" C$,7.7(2(-F ,# . C$(&" &6.%3" .))81(%3 -6.- .% .&-8.2
CH(&" &6.%3" ,&&8%) ,%2F D6"% ,8% CH(&" 1".)8%" &6.%3") 7F 1,$" -@%"$&"%-*
#,$3 = 1*2* 11 '5H B"E2F C$(&" /18%.-(,% () .% (%&$".)(%3 #8%&- (3Pt C".E)
- 0127 # . K8.$-"$ D6"% 3 =5 T$"'&.22 -6.- ,8% 7"%&61.$E :.28" # D"E2F C$H(&"
18%.-(,% () 0!18 # . K8.%-"SUH ;(3%(1&.%-2F* -6" $"#"$"%&" C$H(&" /8%.-(,% $"1.(%)
"K8.2 -, ,8% 7"%&61.$E ")-(1.-" # 3!7 K8.$-"$) #,$ .22 -6" .28") #3 -6.- D"
&,%)(I"$H ;,* -6" 7.)(& 19%/(%3 -6.- $"#"$"%&" CH(&") .$" 18&6 1,$" C"$)()-"%- -6.%

=f



D™E2F C$(&") () 8%._"&"/ 7F -6() -FC" # 1".)8%"1"%- "$$,$H

"&,%/* D" 8)" % JI(-(,%.2 /.. )"- #$,1 -6" $"-.(2"$ -6.- & %-.(%) -6" .&-8.2
C$(&" ), &(.-"I D(-6 ".&6 -$.%).&-(,% #,$ 374 )-$") (% <$([,%.* +.2(#,$%(* +2G
$./,* Y$"3,%* B.)6(%3-,%* .%/ BF,1(%3H P"&.8)" C$(&") .$" ,7)"$:"/ /($"&-2F*
-6"$" () %, 1".)8$"1"%- "$$,$ .)),&(.-"/ D(-6 -6" -(1"G:.$F(%3 8)" # /()&,8%-)*
&,8C,%)* 2,F.2-F &$)* %/ -6"$ C$,1,-(%)H \6() /.-. )"~ () ,%2F ..(2.72" #,$
)6,$ -(1" C"$(/ T9.%8.$F * -, c'&"17"$ f=* 2@@ UH \6" ."$.3" %817"$ #
IF) (% D6(&6 D" ,7)"$:" -6" ).1" ("1 () 14H :* D6(2" D" &.%%,- 8)" -6() /.-.
)'- -, &1C8-" C$(&" /8%.-(,%* D" &% 8)" (- -, K8.%-(#F -6" 7() (%-$,/8&" TF
-6" 8)" # 8%(-G:.28" C$(&")H

NS$ -6" %D /.-. )~ D" ("%-(#F .22 Q'+) -6.- .$" ),2/ -6%™ $ 1,$" -(1")
% -6").1")-$" (% -6" ).1" I.F %/ .$" (%&28/"/ (% -6" |.-. #,% .- 2")- )""%
LEH\6"$" .$" 117 1(22(,% )8&6 ,7)"$1.-(,%)H JFD C"$&"%- # -6")" ,7)"$:.-(,%)
-6").1"3,,/ ()),2/ .- 6" ).1" CH(&" (% .22 -$.%).&-(,%) -6.- ,&&8$ (% -6" ).1"
)-$" %/ % -6" ).1" L.FH ;* (% -6() /.- )"-* 1")8%"1"%- "$$,$ &% .- 1,)-
_"& 30 C'$&"%- # -6" ,7)"$:.-(%)H B' &% 8)" -6() )--()-(& -, K8.%-(#F -6"
(1C.& # 1")8%"1"%- "$$,$ % -6" /8$.-(,% ,# D"E2F C$(&")H \6" C$,7.7(2(-F #
. D"E2F C$(&" &6.%3" (J41H :8CC,)" -6.- 30 C"$&"%- # -6")" &6.%3") .$" (%/""/
)C8%$(,8)H \6"%* -6" -$8" C$,7.7(2(-F # . D"'E2F C$(&" &6.%30()( 0'41 = 0129H
\6() C$,7.7(2(-F # . D"E2F C$(&" &6.%3" (1C2(") . /8%.-(,% ,# D"E2F C$(&") #
0127 K8.$-"$)H J%-"$")-(%32F* -6() ")-(L.-" &(%&(") D(-6 -6" %" D" ,7-.(%"/
8)(%3 ,8$ 19)- 1"-6,/ #,$ .)"))(%3 -6" (1C,$-.%&" # 1".)8$"1"%- "$$,$H

\6() %D /.-. )"~ () %,- 2,%3 "%,836 -, .22,D 8) -, & 1C8-" $"#'$"%&" C$(&")H
P8- .%F &3$$'&(,% #$ 1")8$"1"%- "$$,$ D,82/ ,%2F (%&S$".)" -6" /18%.-(% #
$H'$"%&" C$&")H ;,* TF &,$$"&-(%3 -6" /8$.-(,% ,# D"E2F C$(&") 78- %,- -6" /8$.G
(% # $'H'$"%E&" CH(&") D" .$" C$,:(/(%3 . &%)"$.-(" ")-(L-" # -6" /(_"$'%&"
7"D"% -6" -D,H \6() ")-(L-" ()  3!43 K8.$-"$) BI7 %0127UH B" &,%8&28/" -6.-*



"0h - E(%3 1")8$"1"%- "$$,$ (%-, .&&,8%-* -6" /8$.-(,% ,# $'H'$"%E&" CH(&") ()
1886 2,%3"$ -6.% -6" /8$.-(,% ,# D™E2F C$(&")H

Y8$ 1.(% $"82-) C"$-.(% -, )--0-(&) &.2&82.-"/ 8)(%3 1'/(.%) .&$,)) &.-"G
33()H \ )") -6" $,78)-%") ,# -6")" $"82-) D" .2), &,1C8-")-.-()-(&) 8)(%3
$""%8"GD"(36-"/ 1"(.%) .&$,)) &.-"3,$(")H B' 1%/ -6.-* D(-6 ,%" C,))(72" "IG
&"C-(,%* 8% $")82-) .$" $,78)- -, -6() .2-"$%.-(:" C$,&"18$"H \6" ,%" "|&"C-(,%
() -6.- -6" C,(%- ")-(L-" # -6" 185.-(,% # $"#'$"%&" CH(&") 3,") #$,1 3!7 -, 2I7
K8.$-"$)H \6" /8%.-(,% ,# D"E2F C$(&") () "))"%-(.22F 8%&6.%3"H ;* -6" 7.G

C$(&") () 8%._"&"/H

Results for Dominick’s data set B"' &,%&28/" -6() )'&-(,% 7F 7$("dF /()G
&8))(%3 -6" $"82-) -6.- D" ,7-.(% D(-6 -6" ¢,1(%(&ES) /.-. )"-H <) \72") =
-6$,836 f )6,D* -6")" $"82-) .$" :"$F )(1(2.$ -, -6,)" ,7-.(%"/ D(-6 ,8% C$H(1.$F
- )-H "#'$"%&" C$(&") .$" (1C,$-.%H N($)-* D"E2F C$(&") .$" #"% "K8.2 -,
$H#'$'%&" CH&JTC"$&"%- # -6" D"E)UH ;"&,%/* CH(&" 1,"1"%-) .$" #-"%
1,"1"%-) -, D.$/ $"#"$"%&" CH(&")H \6" #$.&-(,% ,# CH(&" &6.%3") -6.- .$" #3$,1 .
%,%%"#"$"%&" CH(&" -, . $"#"$"%&" CH’" Q)'$&"%-H \6($/* $"#'$"%&" CH(&") &,%G
-(%8" -, 7" (1C,$-.%- (% -"$1) # -6" #$.&-(,% ,# K8.%-(-(") ),2/ .- $"#"$"%&" CH(&")
T66 C"$&"%-U .%/ -6" :,2.-(2(-F # K8.%-(-(") ),2/ .- $"#"$"%&" CH(&4) T"$&"%-UH
N(%.22F* D" 1%/ -6" ).1" )6.$C &,%-$.)- 7"-D"'% -6" /8%.-(,% ,# D""E2F .%/
$'#'$"%&" CH(&"H \6" /18%.-(,% ,# D"'E2F C$H(&')!gp K8.$-"$) D6(2" -6" /18%.-(,%
H SH'$"%N&" CH(&") () $,8362F -6$™ K8.$-"$)H

4. The behavior of weekly costs and reference costs

3% -6() )"&-(,% D" & 1C.$" -6" 7"6.:(,$ ,# D"E2F .%/ $"#"$"%&" &,)-)H \6" 2.--"$
0 /"1%"/ ) -6" 1,)- & 11,%2F ,7)"$:"/ &,)- #,$ -6.- (-"1 D(-6(% . K8.$-"$H B"



$H'S -, .22 -6"$ &,)) .) %,%$"H'$"%&" &,)-)H Y8S 7.)(& 1%/(%63) (% -6() )"&-(,% &.%
7" )811L.$(["/ ) #,22,D)H N($)-* Z8/3(%3 7F -.$(,8) 1".)8%")* $"#'$'%&" &,)- .$"
(1C,$-.%H "&%/* $"#'$"%&" &,)-) .$" 1886 1,$" C"$)()-"%- -6.% D"E2F &,)-)H
\6($/* $"#'$"%&" &,)-) .$" 2") C"$)()-"%- -6.% $"#"$"%&" CH(&")H

The importance of reference costs B")811.$([" D(-6(%GK8.$-"$ d8&-8.G
(%) (% &)-) 8)(%3 . -D,G)--" 4.3E,: &6.(% D(-6 -6" #,22,D(%3 )-.-")H I% )-.-"
%" -6" D"E2F &,)- () "K8.2 -, -6" $"#'$"%&" &,)-H J% )--" -D, -6" D"'E2F &,)- ()
1'% #$,1 -6" $'#'S%&" &)-H \6" "$.3" 4.3E,: &6.(% .&$.)) &-"3,$(") ()

3(:"% 7FV

5o (0!70 0!30)H
% 0125 0175

\6" ")-(1.-" 4.3E,: &6.(% #3$ &)-) () K8(-" )(1(2.$ -, -6" .%.2,38" 4.$E,:
&6.(% #,$ C$(&")H J% 1,)- D"E) (% . 3(:"% K8.$-"$* -6" D"'E2F &,)- &,(%&(/") D(-6
6" $"H'$"%&" &)-H <) D(-6 CH(&")* %,%$"#'$"%&" &)-) #-"% $"-8$% -, . 3("%
$H'$"%&" &,)-H

\ K8.%-(#F -6" (1C,$-.%8&" # $"#"$"%&" &,)-) D" 8)" )-.-(-(&) &.2&82.-" .&$,))
K8.$-"$)H N($)-25 C'"$&"%- # .22 &,)- &6.%3") (%:,2:" 1,"1"%-) #$,1 . %,%$"#G
"$'68" &,)- -, . $H'SNE" &)- T)™ \72" =UH ;"&%/* -6" D"E2F &,)- () "K8.2
., 6" $"H'S'%&" &,)- (Y54 C"$&"%- # -6" D™E) (% ,8% ).1C2" T)™ \72" =UH <)
D(-6 C$(&")* -6"$" () )87)-.%-(.2 6"-"$,3"%"(-F (% -6" (1C,$-.%8&" # $"#"$"%&" &,)-)
&$)) &.-"3,$(")H N(38$" f /()C2.F) -6" /()-$(78-(,% .&$.)) &-"3,8(") # D"E) (%
D6(&6 -6" D"E2F &,)- () "K8.2 -, -6" $"#"$"%&" &,)-H \6"$" .$" ),1" "]-$"1" ,8-G
2("$ &.-"3,$(")H N,$ 1.3.[(%") -6" &)- %""$ &6.%3") (% ,8$ ).1C2"H I% &,%-$.)-*
#$ -6" &.-"3,5(") 35.C")* 7.%.%.)* %/ C".$) -6" D"E2F &,)- &,(%&(/") D(-6 -6"
$H'S"%&" &,)- ,%2F "(36- C"$&"%- # -6" -(1"H 1"8.22 -6.- -6")" &.-"3,$(") .$" .2),

=9



8-2("$) (% -"$1) # -6" #$.8-(,% ,# D™E) (% D6(&6 -6" D"E2F C$(&" () "K8.2 -, -6"
$"#'$"%&" CH(&"H

Cost persistence <) D(-6 C$(&")* -6"$" () . )6.$C &,%-$.)- 7"-D"'% -6" C"$)()G
068" C$,C"$-(") # DE2F &)-) %/ $"#'$'%&" &))H N$,1\72" f D" )™ -6.-
6" C$,7.7(2(F # . D"E2F &)- &6.%3" (JO49H :* -6" (1C2("/ /185.-(,% # .
D™E2F &,)- ()0!16 ,# . K8.$-"$* ,$ $,8362F2!1 D"™E)H \6" -,C C.%"2 ,# N(38%"
“/()C2.F) -6" 1()-$(78-(,% ,# /8%.-(,% ,# D"'E2F &,)-) .&3,)) &.-"3,$(")H +2".$2F
D"E2F &,)-) .$" %, )-(&EFH

\6" C$,7.7(2(-F # . $"#'$"%&" &)- &6.%3" (DM45H :* -6" (1C2("/ /8$.-(,%
# $H$%E" &,)) () $,836282 K8.$-"$)H \6" 7,-,1 C.%"2 # N(38$" * /()C2.F)
6" 1()-$(78-(% # $"H'$'%&" &) 185.-(,% .&€3,)) &-"3,8(")H 1,8362F -D,G-6(3/)
H-6" &-"3,8(") 6." $"#"$"%&" &,)- /8%.-(,% "]&™ /(%3 20 D"E)H +2".$2F -6"$"
() )87)-.%-(.2 (%"$-(. (% $"#'$"%&" &,)-)H \6" "|()-"%&" # )-(&E(%")) (% &,)-) D,82/
%,- 7" $"".2" TF .%.2F[(%3 D"E2F &,))H

<) D(-6 $'#'$'%&" CH(&")* %" 1(36- 7" &,%&"$%"/ -6.- $"H'$"%&" &,)-) Z8)-
&$$")C,%/ -, )-(&EF &)-)H \6() 8,%8&"$% () %.- D.$$.%-"1H <&$,)) .22 &.-"3,$(")*
-6" 1"/(.% C"$&"%-.3" # K8.$-"$) (% D6(&6 D"E2F &,)-) .$" &,%)-.%- () ,%2F )(]
C"$&"%-H J% #.&- $"#"$"%&" &,)-) .$" K8(-" :,2.-(2"H <&&,$/(%3 -, \72" ? $"#"$"%&"
&,)-) .$" $,8362F 60 C"$&"%- .) :,2.-(2" .) D™E2F &,)-)H

B"' &,%&28/" -6() )"'&-(,% 7F %,-(%3 -6.- ,8% D"'E2F &,)- 1".)8%") &% 6.:" .%
"%/,3"%,8) &,1C,%"%- .)),&(.-"/ D(-6 -$./" C$,1,-(,%)H <) /()&8))"/ (% 4.$.G
_8 T?@@gU %/ 4.5.-,8* ahl'[* .%/ 98)- T?@@ U* -6"$" .$" 7.)(8.22F -D, -FC")
# S CH,1-(%)V C'$#,$1.%&"GT.)" &% $.&) %/ /()8&,8%-G7.)"l 8,%-$.8-)H
St $1.%8"G7.)" 8&,%-$.&) 3(" $"-.(2"$) (%&"%-(™) -, )"22 -6" 1.9%68#.8-85"$S)
CS$,/8&-H \6")" (%&%-(") .$" -("/ -, . 1")8%" # $"-.(2"$ C"$#,$1.9%8&" T"H3H*

B 7-.(% . )(1(2.$ 19%/(%3 #,$ -6" $"2.-(:" :,2.-(2(-F # %"D D"E2F &,)-) .%/ %"D $"#"$"%&"
&,)-) T)™ \.72" 2UH

=b



89%(-) ),2/* I0C2.F" ,$ C$(&" /()&,8%-) (% " "&- /8$(%3 . 3(:"% C"$(,/JUH B' -6(%E
H#-6")" &,%-$.87) ) "],3"%,8) CH(&" )&6"/82") -6.- .$" %,%G2(%".$ (% %.-8$"H \6"
1.(% (1C.& # -6() %,%G2(%"$(-F () -, C,-"%-(.22F (%-$,/8&" 1".)8%$"1"%- "$$,$
(%-, ,8$ .%.2F)() 7F /$(:(%3 . D"/3" 7"-D"™% -6" $"-.(2"$S) ."$.3" .%/ 1.$3(%.2
&)-H

c()&,8%-G7.)"/ C$,1,-(,%) &% (%/8&" . I(_"$"%- -FC" # "%/,3"%"(-FH \6")"
C$,1,-(,%) 3'%"$.22F -.E" -6" #,22,D(%3 #,$1V )8CC2("$) C$,:(I" 1"$&6.%/()" -,
$"-.(2"%) .- . /0&,8%-* 8)8.22F #,$ . 7$("#* )C"&(I"/ C"$(,/ T-D, -, -6$™ D"E)
0 )-%/L$/UH +6.%3") (% &,)- %/ C$H(&") (%/8&" 7F -6")" -FC") # C$,1,-(,%)
$" 2(E"2F -, 7" -$.%)(-,$F (% %.-88"H N,$ -6() $".),% -6"F .$" 8%2(E"2F -, . "&-
$H'$'%E&" &,)-) %/ CH(&")* D6(&6 6. .% ."$.3" 18%.-(,% ,# )(| 1,%-6) .%/ ,%"
F" $* $")C"&-(:"2FH

5. The determinants of price changes

3% -6() )"&(,% D" (%:")-(3.-" -6" $"2.-(,% 7"-D"% $"#'$"%&" CH(&") %/ &,)-) %/
1%/ -6.- -6"$" () . "$F (1C,$-.%- #,$1 # )--" ["C"%/"%&" (% $"#"$"%&" CH(&")H
[C'&(I8.22F% -6" /8%.-(,% # $"#'$"%&" C$(&") () &6,)"% -, 2(1(- 1.$E8C -.$.-(,%H
\6() 19%/(%3 () 7.)" % #,8% ,7)"$:.-(,%) -6.- D" /,&81"%- 7"2,DH N($)-* -6"
18$.-(,% # $"#'$"%&" C$(&") () )8&6 -6.- -6" »$(.-(,% ,# 1.$ESC) D(-6(% -6" )C"22 #
C$H'$"%&" CH(&" () D(-61%0% # -6" ."$.3" 1.$ESCH ;"&,%/* -6"$" () ":(/"%&"
)" ["CU%I"%&" (% -6" C$,7.7(2(-F # $"#'$'%&" CH(&" &6.%3")H \6($/* D6"%
6" $"-.(2"$ &6.%3") $"#'$"%&" CH(&") (- $™)-.72()6") -6" .28" # -6" 8%&,%/(-(,%.2

1.$E8CH N(%.22F* (% C"$(,/) (% D6(&6 -6" $"#'$"%&" CH(&" () &,%)-.% 7"#3" (- $0")

T#.22)U* -6" 1.$E8C #.22) T$()")UH

The relation between prices and cost changes < )-$(E(%3 C$,C"$-F ,# ,8%
I~ () -6.- CH(&") 3"%"$.22F /, %,- &6.%3" .7)"%- . &6.%3" (% &,)-)H \6" C$,7.7(2G



(-F -6.- -6" D™E2F C$(&" &6.%3") D(-6,8- . &6.%3" (% -6" D"E2F &,)- () ,%2F -6$""
C"$&"%- T)"™ \72" =UH \6" C$,7.7(2(-F -6.- -6" $"#"$"%&" C$H(&" &6.%3") D(-6,8- .
&6.%3" (% $'#'$"%&" &,)-16 C"$&"%-H

B' /, %, 1%/ % (1C,$-.%- 2.3 ,$ 2"/ (% -6" $'2.-(.% 7"-D""% &6.%3") (%
&,)-) %/ &6.9%3") (% C$(&"H B' .))") D6"-6"$ -6"$" () . 2.3 (% -6" $")C,%)" ,#
C$(&") -, &6.%3") (% &,)- 7F &,1C8-(%3 -6" C$,7.7(2(-F # . CH(&" &6.%3" .- -(1"
At 1% &,%I(-(,%.2 % . &,)- &6.%3" ,&&8$H(%3 .- (1% %, CH(&" &6.%3" ,&&8$$(%3
SN & % %, &,)- &6.%3" ,&&8$$(%3 4+ 1H \6() C$,7.7(2(-F () #,8$ C"$&"%-
9%/ 15 C"$&"%- #,$ D"E2F .%/ $"#'$"%&" C$(&")* $")C"&-("2FH ;* -6"$" /,") %,-
)™ -, 7" % (1C,$-.%- 2.3 (% -6" $")C,%)" # C$(&") -, &6.%3") (% &,)-)H

V)™ -6"$" (). 2"/ (% -6" $")C,%)" # C$(&") -, &6.%3") (% &,)- D" &,1C8-"
6" C$,7.7(2(-F # . CH(&" &6.%3" - -(1" 4% 1* &%I/(-(,%.2 % . &,)- &6.%3"
8&BPH(%3 .- -(1"4 %, CH(&" &6.%3" ,&&8$$(%3 .- -@&" %/ %, &) &6.%3"
&&B$H(%3 4% 1H \6() C$,7.7(2(-F () #,85 C"$&"%- .96 C"$&"%- #,$ D""E2F %/
$H'$"%&" CH(&")* $")C"&-(:"2FH \6")" $")82-) )833")- -6.- -6"$" .$" %, (1C,$-.%-
2") (% -6" $")C,%)" # C$(&") -, &6.%3") (% &,)-)H

B6(2" C$(&") 3"%"$.22F /, %,- &6.%3" .7)"%- . &6.%3" (% &)-)* . &6.%3" (%
&)- () %,- )8i&("%- -, (%/8&" . &6.%3" (% C$(&"H \6() #.& 1".%) -6.- -6"$" .$"
)87)-.%-(.2 . $(.-(,%) (% 1.$ESC)H <&& $/(%3 -, \ 72" ? -6" )-.%/.$/ I":(.-(,% ,#
-6" D"E2F 1.$E8C ()11 C"$&"%-H \6" )-.%/.$/ I":(.-(,% ,# -6" $"#'$"%&" 1.$ESC*
I"1%"] ) 6" )-.%L.$/ I":(.-(Yo # -6" $.-(, # $"H'$'%&" CH(&") -, $'#'$"%&" &,)-)*
() 9 C"$&"%-H

B" %,D .%.2F[" /":(.-(,%) # -6" 1L.$ESC #$,1 () ."$.3" :.28"H \, -6() "%/*
D" &,1C8-" -6" C"$&"%-.3" /(_"$"%&" 7"-D"'% -6" $".2(["/ D""E2F 1.$E8C .%/ -6"
1".% 8%&.,%/(-(,%.2 1.$E8C #,$ D"™E) (% D6(&6 -6" D"'E2F C$(&" &,(%&(/") D(-6 -6"
$H'$"%&" CH(&"H N(38$" ~ /()C2.F) -6" /(-$(78-(.% # -6() )-.-0-(&H I%-"$")-(%32F*
90 C"$&"%- # -6" C$,7.7(2(-F 1.)) () 7"-D""% C28) .%/ 1(%8) -"% C"$&"%- # -6"

=A



"$.3" 1.SESCH \6() 196/(%3 )833")-) -6.- -6" $"-.(2"$ $)"-) () $"#'$"%&" CH(&")
)y -6.- 2$(-(,%) (% -6" $".2(["/ 1.$E8C #.22 D(-6(% . $".),%.72F )1.22 (%-"$:.2H
\ ))") -6() 6FC,-6")()* D" &,1C8-" -6" .%.2,38" # N(38$" ~ #,$ /(_"$"%-
&.-"3,8(") # 3,.)* &2.))(I" .&&$/(%3 -, -6" 1"I(% /8$.-(% H# -6" $"H'$"%&"
C$(&"H \6" $182-) .$" /()C2.F"/ (% N(38%" g #,$ 3$,8C) # 3,,)) D(-6 1"/(.%
18%.-(,%) $.%3(%3 #$,1 ,%" -, -D"2:" K8.$-"$)H \6")" /()-$(78-(,%) .$" 3"%"$.22F
)L(2.$ -, -6,)" )C2.F"/ (% N(38%" "H \6() 1%/(%3 () &%)()-"%- D(-6 -6" 6FG
C,-6")() -6.- -6" $"-.(2"$ &6,,)") -6" /8$.-(,% # -6" $"H'$"%&" CH(&" #,$ ".&6 ("1
., E™C $".2(["/ 1.$E8C) D(-6(% )(1(2.$ )1.22 7,8%/)H N(38$" b CS$,:(/") #8$-6"$
"(I"%&" (% )8CC,$- # -6() 6FC,-6")OH \6() 138$" )6,D) -6.- &.-"3,$(") D(-6 .
6(36 CS$,7.7(2(-F # . $"#'$"%&" &,)- &6.%3" 6." . 6(36 C$,7.7(2(-F # . $"#'$"%&"
C$(&" &6.%3H

State dependence in reference prices < %.-8%.2 K8")-(,% -, .)E () D6"-6"$
-6"$" () .%F )-.-" ["C"%/"%&" (% -6" C$,7.7(2(-F # $"#'$'%&" CH(&" &6.%3"H '\
J1$") -6() K8")-(,%* D" /"1%" -6" R6FC,-6"-(&.2 $"#"$"%&" 1.$E8CS .) -6" $"#"$G
"%&" 1.$E8C -6.- D,82/ ,7-.(% (# -6" $"-.(2"$ /(/ %,- &6.%3" (-) $"#"$"%&" CH(&"
7"-D"% K8.$-"$4% 1 .%/ K8.%-"$ H \68)* -6" 6FC,-6"-(&.2 $"#"$"%&" 1.$E8C ()
-6" $.-(, .# -6" $"#'$"%&" CH(&" (% K8.$-4B061 -, -6" $'#'$"%&" &,)- (% K8.$-"$
H \6" -,C C.%"2 # N(38%" > /()C2.F) -6" 1"/(.% C$,7.7(2(-F -6.- -6" $"#"$"%&"
CH(&" &6.%3") .) . #8%&-(,% ,# -6" C"$&"%-.3" I":(.-(,% ,# -6" 6FC,-6"-(&.2 $"#"$G
"%&" 1.$E8C #$,1 -6" .."$.3" 1.$E8CH \6" C$,7.7(2(-F -6.- -6" $"#"$"%&" CH(&"
&6.%3") D6"% -6" 6FC,-6"-(&.2 $"#"$"%&" 1.$E8C () "K8.2 -, -6" 1".% 1.$E8C ()
"$F 2,DH ;-$(E(%32F* -6" 2.$3"$ () -6" C"$&"%-.3" /(_"$"%&" 7"-D"'% -6" 6FC,-6"-G
(&.2 $"#"$"%&" 1.$E8C .%/ -6" .."$.3" 1.$EBC* -6" 2.$3"$ () -6" C3$,7.7(2(-F # .
&6.%3" (% $"#'$"%&" C$(&"H ;* -6"$" () &2".$ ":(/"%&" # . )'2"&(,% "_"& D(-6

=1"€.22 -6.- -6"$" .$" ,%2F =? K8.$-"$) (% ,8% ).1C2"™ ), -6" C$,7.7(2(-F # . &6.%3" (%
$H'$'%&" CH(&" ,$ &,)- &% ,%2F -E" . /[)&$"-" %817"$ # :.28")H

2@



$'3.9/) -, &6.%3") (% $"#'$"%&" CH(&")H N(38%" A %/ =@ )6,D) -6.- -6() )"2"&-(,%
" "8 & %-(%8") -, 7" C$")"%- D6"% D" 3$,8C (%/(:(/8.2 (-"1) TF $'#'$"%&" C$H(&"
18%.-(,% TN(38$" AU %/ &)- :,2.-(2(-F TN(38$" =@UH W,D""$* -6() )"2"&(,% " "&-
() D"E"$ (% -6" &.-"3,$(") -6.- 6." )6,%- CH(&" /8%.-(,%)H = B" (%-"$C$"- -6"
)(L(2.$(-F 7"-D™% N(38%") A .%/ =@ .) $"d"&-(%3 -6" %"3.-(:" &,$$"2.-(,% 7"-D""%
C$(&" 18%.-(,% %/ &,)- :,2.-(2(-FH

:8CC,)" -6.- . I"&()(,% 6.) 7"'% 1./" -, &6.%3" -6" $"#'$"%&" C$(&"H PF 6,D
1886 /,") -6" $'#'$"%&" CH(&" &6.%63"X \6" 7,--,1 C.%"2 # N(38$" > /()C2.F) -6"
$".2(["/ 1.9E8C .) . C"$&"%-.3" I":(.-(,% #%$,1 -6" 1".% 1.$E8C* &,%/(-(,%.2 ,%
-6" $"#"$"%&" CH(&" &6.%3(%3H N$,1 -6() 138$" D" )™ -6.- -6" $"-.(2"$ )"-) -6
$H'$"%&" CH(&"), ) -, $'G")-.72()6 -6" ."$.3" 1.$ESCH '8- /(_"$"%-2F* ,%&" -6"
$"-.(2"$ ["&(") -, 86.%3" (-) $"H'$"%&" CH(&"™ ,% ."$.3" (- C.)") -6$,836 = @@
C"$&"%- # -6" &B8182.-(" &6.%3" (% $'#'$"%&" &) -6.- ,&&8$$"/ )(%&" -6" 2.)-
$H'$"%&" CH(&" &6.%3"H

N(38$") > -6$,836 =@ C$,:(/" &$,))G)"&-(,%.2 ":(/"%&" % )-.-" I"C"%/"%&" (%
-6" I"&()(,% # &6.%3(%3 $"#"$"%&" CHE&"H \, C$,:(/" -(1"G)"$(") ":(/"%&" % )-.-"
["C"%["%&" D" I$)- &,1C8-" -6" C"$&"%-.3" /":(.-(,%) # -6" $".2(["/ 1.$E8C
(% C"$(,/) D(-6 %, CH(&" &6.%3") $"2.-(" -, -6" $".2(["/ 1.$E8C .- -6" (1" #
-6" CH(&" &6.%3"H N(38$" == $'C.$-) .85 $")82-) .) . #8%&(,% # -6" %817"$ #
C"$(,/)) C$(,$ -, . CH(&" &6.%3"H \6" E"F 19%/(%3 () -6.- -6" 1.$ESC #.22) T$()")U
1,%,-,%(&.22F '$ (1" .) . #8%&-(,% ,# -6" %817"$ # C"$(,)) C$(,$ -, . CH(&"
(%&S$".)" T/"&$".)"UM

\E"% -,3"-6"$* -6")" $")82-) )8CC,$- -6" 6FC,-6")() -6.- -6" $"-.(2"$ &6,,)")
L $"H#'$'%&" CH(&" 185.-(,% #.$ ".&6 (-'1 -, E™C $".2(["/ 1.8E8C) D(-6(% 7,8%)
6.-.$")(1(2.$ #% /(_"$"%- (-"1)H

='B" "&28/" -6" 3,,/) D(-6 /8%.-(,% ['$, .%/ (%I%(-F #$,1 N(38$" AH \6" C$(&" # 3,,))
D(-6 /8$.-(,% ['$, .2D.F) &6.%3")H \6" C$(&" # 3,,/) D(-6 (%I%(-" /85.-(,% %""$ &6.%3")H
0B" -6.%E %" # -6" $"#'$") #,$ )833")-(%3 -6.- D" C$,/8&" -6() 138$"H




6. Other features of the data

3% -6() )'&-(,% D" /,&81"%- -D, JI(-(,%.2 #'.-8$") # -6" /.- -6.- .$" 8)"#82 #,$
" 28.-(%3 -6" C2.8)(7(2(-F # /(_"$"%- C$(&(%3 1,/"2)H

Volatility of prices and marginal cost J% ,8%/.-.)"- C$(&") .$" 1,$":,2.-(2"
6.% 85 1")8$" # 1.$3(%.2 &)-H \6() $7)82- 6,2/) #,$ D"E2F C$(&") .%/ &,)-)
) D"22 ) #,$ $"#'$"%&" CH(&") .%/ &,)-)H \6" 7.)(& (%-8(-(,% #,$ -6() $")82- () -6.-
CH(&") H#-"% I, %,- &6.%3" 1886 (% $")C,%)" -, )1.22 86.%3") (% &,)-H P8-)1.22
&)- &6.%3") -6.- &8182." %/ &$".-" 2.$3" [":(.-(,%) #$,1 -6" ."$.3" 1.$E8C
&.% -$(33"$ "$F 2.$3" &6.%3") (% CH(&"H \6() C.—"$% # 7"6.:(,$ 3"%"$.-") CH(&")
6. 6. . 2.53'$ )-.9%/.$/ I":(.-(,% -6.% &,)-H

\6" 17(.% # -6" $-(, # -6" )-%1.$/ I":((,% # 2,3TDE2F C$(&"U -, -6"
)-%1.$/ I":(.-(,% # 2,3TD™E2F &,)-U () 1108H \6" 1"/(.% # -6" $.-(, # -6" )- %G
1.8/ I":(.-(,% # 2,3T$"#"$"%&" CH(&"U -, -6" )-.%/.%/ I":(.-(,% # 2,3TH"#"$"%&"
&)-U () 1115H B .2), 1%/ -6.- C$(&") .$" 1,$" :,2.-(2" -6.% &)-) (# D" #,&8) ,%
%"D C$(&") .%/ %"D &,)-) ,$ (# D" D,$E (% 3$,D-6 $.-) T)™ \72" 2UH B" &,%8.28/"
-6.-* $"3.$/2")) ,# D6"-6"$ D" D,$E D(-6 D"'E2F ,$ $"#"$"%&" CH(&") .%/ &,)-)* -6"
. 2.-(2(-F # C$(&") 3"%"$.22F "&"™) -6.- # 1.$3(%.2 &,)-H

Demand shocks +%/(-(,%.2 ,% -6" D"E2F C$(&" 7"(%3 &,%)-.%- .%/ "K8.2
., 6" $'H'$'%&" CH(&"™ -6" )-.%/.$/ I":(-(% # K8.%-(-(") )2/ () $,8362F 42
C"$&" %M \6() &%/(-(,%.2 :,2.-(2(-F () $,8362F 79 C"$&"%- # -6" 8%&,%I(-(,%.2
1 2.-(2(-F # K8.%-(-(") ),2/H B" (%#"$ -6.- ["L.%/ )6,&E) .$" K8.%-(-.-(:"2F (1G
C,$-.%-H

*be g - 8% &.2882.-(,% () -6.- D" .$" &,%/(-(,%(%3 % -6" %,1(%.2 CH(&" 7"(%3 &,%)-.%-
(%)-"] # -6" $".2 C$(&" 7"(%3 & %)-.%-H PF $".2 C$(&" D" 1".% -6" C$(&" # -6" 3,,/ $"2.-(:"
-, -6" +J 7)E"-H ;(%&" D" #,&8) % . )6,$- -(1" C"$(,/ /8$(%3 D6(&6 (%d.-(,% () K8(-" 2,D* (-
)"™1) 8%2(E"2F -6.- (%d.-(,% "_"&) .$" (1C,$-.%- #% -6() &.2&82.-(,%H

??



7. Reconciling different pricing models with our findings

3% -6() )"&-(,% D" /()&8)) -6" (1C2(&.-(,%) # ,8% "1C($(&.2 1%/(%3) #,$ -6$™ CH(&(%3
1,/"2) -6.- .$" D(/"2F 8)"/ (% 1.8%$,"&,%,1(&)V d"](72" C$(&" 1,/"2)* 1'%8 &,)-
1,/"2)% %/ +.2:, 1,/"2)H

Flexible price models \6" c((-G;-(32(-[ 1,/"2 # 1,%,C,2()-(& & 1C"-(-(,%
2(") .- -6" &,$" # 1.%F d"](72" C$(&" 1.&$,"&,%,1(& 1,/"2)H I% -6() 1,/"2* -6"
"2)-(&(-F # )87)-(-8-(% .&$,) /(_"$"%- 3,,/) () &%)-.%-H \6" ,C-(1.2 C,2(&F
#$ .86 1,9%,C,2(0- () -, )'- -6" C$(&" T54U "K8.2 -, . &,%)-.%- 1.$E8C BU ,'$
1.83(%.2 &)- T U5e = 6' ¢H \6() 1,/"2 () &2".$2F (%8&,%)()-"%- D(-6 ,8$ /.-.*
)(%&" (- (1C2(") -6.- -6"$" )6,82/ 7" %, ~.$(.-(,% (% -6" 1.$ESCH \72" ? (%/(&.-")
-6.- -6" )-.%/.$/ I":(-(,% # -6" 2,3.$(-61 # -6" $".2(["/ D"E2F 1.$E8C .%/
$'H'$'%&" 1.$E8C ()'11 .%/ 0109* $")C"&-(:"2FH

J- ) COT2" -, $"&,%&(2" . d"|(72" C$(&" 1,/"2 D(-6 -6" /.-. TF (%-$,/8&G
(%3 /"1.%/ )6,&E) -6.- 3'%"$.-" 1.$E8C d8&-8.-(,%)H P8-* 1.-&6(%3 -6" /.-.
$'KS($") % (%&S$"/(72" &,%I38$.-(,% # &,)- %/ "1.%/ )6,&E)H +%)(/"$ -6"
#,22,D(%3 )(1C2" )C"&(1&.-(,% (% D6(&6 "1.%/ () 2(%".$V

Se= %80 ¢

D6"$" 04 $"C$")"%-) -6" K8.%-(-F ),2/H \6" »$(.72") 7 .%/ 8 .$" )-,86.)-(&
['1.9%/ )6(#-"$)H O.$(.72" C$,I-)* 9¢.$" 3(:"% 7TFV9g =50 %" 0 ¢ D6"$"" ¢ ()
-6" 1,%,C,2()-S) &,)-H \6" 1,%,C,2()-S) ,C-(1.2 C$(&" .%/ K8.%-(-F .$" 3(:"% 7FV

o let g,
5, — % <
& 2
n 7&“%)I &,
Og= 28



+6.963") (%8 ,%2F . "& -6" K8.%-(-F ),2/H +6.%3") (%Bz . "& 7,-6 CH(&"
%/ K8.%-(-FH a("% ,7)"$:.-(,%) % 5,* 03* %/ ' ¢ D" &% ['/8&" -6" -(1"
)'$(") #,$ 7o %/ 8 )886 -6.- 5, %/ 0} 1.-&6 -6" /.-. "|.&2FH B' C"$#,$1
-6() &.2&82.-(% #,$ ".&6 # -6" (-"1) (% ,8% ).1C2"H \6$™ E"F $"82-) "1"$3"H
N($)-* -6" 1"/(% )-%/.$/ I":(-(% # 2,3T 74 %/ 2,38U .$" 0116 .%/ 0!77*
$MC"&-("2FH ;,* -, 1.-86 -6" /.. -6" .$(.72" 75 18)- 7" $,8362F .) .) ;,2.-(2"
) C$&") %/ &)- T)™ \72" 2UH \6" :,2.-(2(-F # & 18)- 7" 6(36"$ -6.% -6"
12.-(2(-F # K8.%-(-(") .%/ $,8362F #,8% -(1") 1,$" 1,2.-(2" -6.% C$(&") .%/ &,)-)H
B' &,%8&28/" -6.- .% "1C($(&.22F C2.8)(72" d"](72" C$(&" )C"&(1&.-(,% 18)- .22,D
#$ ,2.-(2" I"1.%/ )6,8E)H ;"&,%/* -6" &,$%$"2.-(,% 7"-D"% 2,3T7U .%/ 2,38U
0 C)-(" TOITUH \6() C)(-(*" &$$"2.-(,% 6"2C) -6" 1,/"2 1.-&6 -6" %"3.-(:"
89%&,%/(-(,%.2 &,$$"2.-(,% 7"-D""% C$(&") .%/ K8.%-(-(")* $"C,$-"/ (% \72" “* D6(2"
22,D(%3 #$ 1,2.-(2" I"L.%/H \6($/* %/ 1,)- (1C,$-.%-2F* 1.-&6(%3 -6" /.-.
$'K8($") % (1C2.8)(72" C.-"$% # &,1,""1"%- 7"-D""% 75 .%/ ' gH I% .- 2".)40
C"$&"%- # 8% ,7)"$:.-(,%) -6" ).1" CH(&" &$%$")C,%/) -, [(_"$"%- &))H= \
1.-86 -6")" ,7)"$:.-(,%)* -6" &6.%3" (% 75 18)- evactly , )'- -6" &6.%3" (%' H
<2-6,836 C,))(72" -6() C.--"$% ,# )6,&E) )-$(E") 8) .) (%&$"/(72"H

<)(1(2.$ .$381"%- .CC2(") -, c(I(-G:~(32(-[ /"1.%/ D(-6 )-,&6.)-(& "2.)-(&(-F
#)87)-(-8-(,% 7"-D"'% 3,,)H \6() )C"&(1&.-(,% 3"%"$.-") . $(.7(2(-F (% 1.$ESC)H
W,D""$* (- $"K8($") -6.- (%40 C"$&"%- # -6" ,7)"$:.-(,%) )6,&E) -, -6" "2.)-(&(-F
#)87)-(-8-(,% ".&2F , )" 1,"1"%-) (% 1.$3(%.2 &)- (% ,$/"$ -, $.-(,%.2([" .
&,%)-.%- C$(&"H

=\6() )-.-()-(& () &1C8-"/ .) #,22,D)H N,$ ".&6 3,/ D" (I"%-(#F -6" 1,/.2 C$(&" %/ &,)-
% -6" -6$""GF".$ ).1C2" C"$(,/H B" -6"% &,1C8-" -6" #$.&-(,% ,# D"E) (% D6(&6 -6" C$(&" ()
"K8.2 -, -6" 1,.2 C$(&" 78- -6" &,)- () %,- "K8.2 -, -6" 1,/.2 &,)-H \6() &.2&82.-(,% C$,:(/") .
2,D"$ 7,8%/ % -6" C"$&"%-.3" # D"E) (% D6(&6 -6" ).1" C$H(&" &,$$")C,%l) -, /(_"$"%- &,)-)H




Menu cost models ;-.%/.$/ 1'%8 &,)- 1,/"2) 6." -6$™ )6,$-&,1(%3) D(-6
$NC"&- -, 8% /-.H N($)-* \72" 2 /,8&81"%-) -6.- C$(&") .$" 1,$" ;,2.-(2" -6.%
1.$3(%.2 &,)-* D6"-6"$ D" D,$E D(-6 2":"2) ,$ 3$,D-6 $.-"YH W,D""$* &.2(7$.-"/
"$)(,%) # 1'%8 &,)- 1,/"2) (1C2F -6.- CH(&") .$" less :,2.-(2" -6.% 1.$3(%.2
&)-H NS ".1C2" a,2),: .%/ L8&)S T?@@gU 1,/"2 (1C2(") -6.- -6" 8%&,%I/(G
(,%.2 )-%[.$/ I"(-(,% # &)- &6.%3") .$" 40 C"$&"%- 1,$" :,2.-(2" -6.% -6"
8%6&,%/(-(,%.2 )-.%1.$/ ":(-(,% # C$(&" &6.%3")H < )(1(2.$ C.~"$% ,7-.(%) (%
P8%$)-"(% .%/ W'22D(3S) T?@@bU 1,/"2* D6(&6 (%&,$C,$.-") I'1.%/ )6,&E) (%-, -6"
a,2,),,GL8&.) #$.1"D,$EH \6" 8%&,%/(-(,%.2 )-.%/.$/ I":(-(,% # &,)- &6.%3")
(0 -D&" ) 2.$3" ) -6" 8%&,%/(-(,%.2 )-.%/.$/ I":(-(,% # CH(&" &6.%3") (% -6"
P8$)-"(%GW"22D(3 1,/2H;"&,%/* D" %™/ % (%&S$"/(72" &%I38$.-(% # &,)-
%/ "1.%] )6,&E) -, "|C2.(% D6F I$1) $"-8$% #-"% -, .% ,2/ T$"#"$'%&"U C$(&"H
\6($/* ) D" 10&8)) (% :"&(,% >* (- () /(i&82- #,$ 1"%8 &,)- 1,/'2) -, 1.-&6
7,-6 -6" #$"K8"%&F # D"E2F C$(&" &6.%3") .%/ -6" #$"K8"%&F # $"#'$'%8&" CH(&"
&6.%3"H

M"6," %/ 4(/$(3.% T?@@bU 1.E" C$,3%")) ,% -6" )"&,%/ )6,$-& 1(%3 7F )G
)81(%3 -6.- I$1) )'- -D, E(%/) # C$(&")* R$"382.$S C$(&") .%/ R).2")S CH(&")H ;.2")
C$(&") .$" -"1C,$.$F CH(&" $"/8&-(Y)H <#-"$ .).2" () ,'$ -6" CH(&" $"-8$%) -, -6"
R$"382.$S C$(&"H M"6," .%/ 4(/$(3.% .))81" -6.- -6" 1'%8 &,)- .)),&(.-"/ D(-6
. ).2") C$(&" &6.%3" () 2,D"$ -6.% -6" 1"%8 &,)- .)),&(-"/ D(-6 . $"382.$ CH(&"
&6.%3"H J- $"1.(%) .% ,C"% K8")-(,% D6"-6"$ )8&6 . 1,/"2 &.% $.-(,%.2([" -6"
#.8&- -6.- C$(&")* 7,-6 D"E2F %/ $"#'$"%&"™ .$" 1,$" :,2.-(2" -6.% 1.$3(%.2 &,)-H

=AB" -6.96E <$("2 P8$)-"(% #,$ & 1C8-(%3 -6" :,2.-(2(-F # C$(&") .%/ &)-) (% -6" a,2,),:GL8&.)
1,12 %l (% -6" P8$)-"(%GW"22D(3 1,/"2H




Calvo models "$6.C) -6" 1,)- D(/"2F 8)"/ C$(&(%3 1,/"2 (% 1.8$,"8,%,1(&)

() -6" %" )),&(-"/ D(-6 +.2:, T=ASfUH @ <% ,7:(,8) #.(2(%3 # -6" )-.%/.$/

+.2;, T=A>TU C$(&(%3 1,/"2 () -6.- (- () (%&,%)()-"%- D(-6 -6" )"2"&-(,% "_"&") -6.-

D" /,&81"%- (% N(38$") >G=@H \6" +.2:, 1,/"2 .))81") -6.- -6" C$,7.7(2(-F #

. CH(&" &6.%3" () &,%)-%-H J% #.&* D" 1%/ -6.- -6" C$,7.7(2(-F # . $"#'$"%&"
CH(&" &6.9%3" () (%&S$".)(%3 (% -6" I":(.-(,% ,# -6" 6FC,-6"-(&.2 1.$E8C #$,1 (-)
8%&,%/(-(,%.2 1".%H J- .2), $"1.(%) .% ,C"% K8")-(,% D6"-6"$ )-.%/.$/ +.2:,
C$H(&(%3 1,/'2) .$" 8)"#82 -, 8%/"$)-.%l/ /.-. )"-) 2(E" ,8$) (% D6(&6 C$H(&") .$"
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8. Are reference prices useful for macroeconomists?

J% -6() )"&-(,% D" &,%)(/"$ . )(1C2" C.$-(.2G"K8(2(7$(81 1,/"2 -6.- .&&,8%) #,$ -6"
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\6" I$1 #.8") -6" #,22,D(%3 /"1.%/ %/ &,)- #8%&-(,%)V
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D6"$" 04 .%/ 55 /'%,-" -6" K8.%-(-F .%/ C$(&"™ $")C"&("2FH \6" :$(.72"" o
['%,-") -6" &)- # C$,/88-(,%H \6" 1 $(.72") 1g.%/ %$"C$")"%- )6,&E) -, -6"
"2 )-(&(-F # I"1.%/ %/ &,)-* $")C"&(:"2FH

B' D.%- -, 1(1(& -6" " "& # . 1,%"-.$F )6,&E (% ,8% )(1C2" 1,/"2H B"
-E"-6" /"9%(%3 &6.$.&-"$()-(& ,# )8&6 . )B6,&E -, 7" -6.-* .7)"%- CH(&(%3 #$(&-(,%)*
(- 6) %, "_"& % K8.%-(-(")H \6" .$(.72" 64 D6(&6 ._"&) 7,-6 ["1.%/ %/
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K8.$-"$H
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1,/'2), -6.-  Q %2F &%-.(%) ,%" "2"1"%-H Q%/"$ -6() .))81C-(,% D" ,7-.(% -6"
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22)6,&E)H :,* (# D" (%)()- -6.- -6" 1'%8 &,)- 1,/"2 $"C$,/8&" -6" #$"K8"%&F #
C$(&" &6.%3")* D" .$" 2"/ -, -6" 10)2"/(%3 & %&28)(,% -6.- . 1,%"-$F C,2(&F
)6,&E 6.) . "$F )1.22 " "& % $".2 "&,%,1(& .&(:(-FH

+9%)(I"$ %"]- -6" ).1" 1"%8 &,)- 1,/"2 D6"$" -6" )([" # -6" 1"%8 &,)- ()

&6,)"% ), -6.- -6" #$"K8"%&F # $"#'$"%&" CH(&" &6.%3") () -6").1".) (% ,8% )-(&EFG
C2.9% 1,/"2H P"&.8)" $"#'$"%&" CH(&") &6.%63" 2")) #$"K8"%-2F -6.% D"™E2F CH(&")*
D" .$" 2"/ -, . 1886 6(36"$ :.28" # -6" 1"%8 &,)-) -6.% (% -6" ,-6"$ "$)(,% #

85 1"%8 &,)- 1,/"2 T'g C"$&"%- "$)8) ,%" C"$&"%- ,# D"E2F ).2")UH \6() :"$)(,%

A 6" 102 /") %,- [, ) D'22 ) -6" -6"$ 1"%8 &,)- 1,/"2 .- 1.-&6(%3 -6"

D™E2F :,2.-(2(-F # C$(&") .%/ K8.%-(-(")H P8- #$,1 N(38$" =? D" )" -6.- -6()
"$)(,% # -6" 1"%8 &,)- 1,/"2 /") 1886 7"--"$ -6.% -6" -6"$ 1"%8 &,)- 1,/"2

- $'C$,/8&(%3 -6" "_"& # .1%"-.$F C,2(&F )6,&EH \6() "].1C2" &.C-8%") -6"

(I". 6.- . 2,- # B6(36GHS"KS"W&F :,2.-(2(-F (% C$(&") %/ K8.%-(-(") 6.) 2(--2" -, /,

D(-6 1,%"-.$F C,2(&F .%/ () C"$6.C) 7")- (3%,$"/ 7F 1.&$,"&,%,1()-)H

f@



9. Conclusion
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Table 4: Correlation properties

Correlations, primary data set

In(weekly In(weekly In(weekly In(weekly

price) quantity) cost) markup)
In(weekly price) 1 -0.47 0.71 0.51
In(weekly quantity) 1 -0.28 -0.20
In(weekly cost) 1 -0.34
In(weekly markup) 1

In(reference In(reference In(reference In(reference

price) guantity) cost) markup)
In(reference price) 1 -0.17 0.44 0.70
In(reference quantity) 1 0 -0.19
In(reference cost) 1 -0.49
In(reference markup) 1

Correlations, Dominicks data set

In(weekly In(weekly

price) quantity)
In(weekly price) 1 -0.37
In(weekly quantity) 1

In(reference In(reference

price) guantity)
In(reference price) 1 -0.05
In(reference quantity) 1



Table 5: Data and model statistics

Menu cost Menu cost
calibrated to model calibrated
the frequency to frequency of
Sticky plan  of weekly price reference price

Data model changes changes
Menu cost value as percentage of steady state cash flow 0.0525 0.0100 0.4593
Weekly cost volatility 0.120 0.112 0.113 0.112
Weekly price volatility 0.140 0.111 0.113 0.075
Weekly quantity volatility 0.530 0.600 0.599 0.416
Frequency of weekly price changes 0.430 0.375 0.402 0.155
Frequency of weekly cost changes 0.490 0.577 0.574 0.576
Frequency of reference price changes 0.270 0.268 0.670 0.269
Frequency of reference costs changes 0.450 0.634 0.628 0.635
Fraction of price changes without cost changes 0.030 0.011 0.009 0.003

Frequency of plan changes 0.023
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Figure 10
Probability of reference price change as a function of
percentage deviation of hypothetical markup from average markup
for goods with different cost volatility
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