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1/0!1/400!&%60)-%$)-!O-0;1%$)M!#54%5J(0M!1%60P!%-!/0(&!;$)-15)1L!.$)-0<90)1(AM!5((!?$94!6%--%)*!
&515!351104)-!&0-;4%J0&!5-!,0((!5-!1/0%4!;$6J%)51%$)-!65A!$;;94!5-!&03%;10&!%)!'%*940!SL!!
!
"!-30;%5(!;5-0!$?!6%--%)*!304%$&-!0604*0-!%)!&515-01-!;$)15%)%)*!&515!;$((0;10&!%)!&%??040)1!
?40<90);%0-L!'$4!0_563(0M!5!1%60!-04%0-!&515-01!65A!;$)15%)!-$60!#54%5J(0-!$)!5!<954104(A!
J5-%-M!J91!$1/04!#54%5J(0-!$)(A!$)!5)!5))95(!J5-%-M!$4!-$60!-0;1%$)-!65A!;$634%-0!5))95(!&515!
,/%(0!$1/04!-0;1%$)-!34$#%&0!1/0!-560!#54%5J(0-!?$4!0#04A!$1/04!A054!$)(AL!2/%(0!1/0!?$4604!
-%1951%$)!40-9(1-!?4$6!-$60!-151%-1%;-!J0%)*!3403540&!51!5!/%*/04!?40<90);A!1/5)!$1/04!
-151%-1%;-M!1/0!(51104!%-!?40<90)1(A!$J-04#0&!%)!;4$--@;$9)14A!&515-01-!1/51!;$)15%)!&515!?4$6!
;$9)14%0-!,%1/!,0((@!5)&!(0--@&0#0($30&!-151%-1%;5(!-A-106-L!
!
! !

Var1 Var2 ! ! Varj ! ! Vark Vark(1 ! Vark(m Sec1 Sec2 ! ! Secj ! ! Secn Secn(1 ! Secn(s
=3$% =3$%
=3$& =3$&
=3$. =3$.
… …
… …
=3$2 =3$2
… …
… …
… …
=3$> =3$>

%!– 9/--/0:!123*-

&!–9/--/0:!=3$/5<-

.!–9/--/0:!"#$/#,;3-

503!-3?2/50!@5,-3$A#2/50B

%!– 9/--/0:!123*-

&!–9/--/0:!=3$/5<-

.!–9/--/0:!C3?2/50-

503!A#$/#,;3
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! a!

'%*940!SL!F%--%)*!&515!351104)-!?$4!69(1%#54%510!;4$--@-0;1%$)5(!1%60!-04%0-!

 
!
I I I .   M ISSIN G D A T A T E C H NI Q U ES  
!
8639151%$)!%-!5!-151%-1%;5(!10;/)%<90!1$!0-1%6510!6%--%)*!$4!%63(59-%J(0!#5(90-!%)!5!&515-01!
J5-0&!$)!;$((0;10&!#5(90-!?4$6!1/0!&515-01!$4!;$63545J(0!&515!-$94;0-L!:/0!?$;9-!$?!1/%-!
601/$&$($*A!(%0-!$)!3541%5((A!6%--%)*!&515!&90!1$!%106!)$)@40-3$)-0L!8)!;5-0-!,%1/!
;$63(010(A!6%--%)*!#54%5J(0-!O0L*L!?$4!$)0!$4!6$40!-0;1%$)-G;$9)14%0-PM!-151%-1%;5(!651;/%)*!%-!
6$40!5334$34%510L!8)!;$66$)!345;1%;0M!(%-1@,%-0!&0(01%$)!O5(-$!10460&!j;$63(010!;5-0!
5)5(A-%-kPM!5!34$;0&940!1/51!-%63(A!0_;(9&0-!5((!$J-04#51%$)!9)%1-!,%1/!6%--%)*!#5(90-!?4$6!
?941/04!5)5(A-%-M!$4!-%6%(54!5334$5;/0-!540!9-0&!%)-105&!$?!34$304!%639151%$)!10;/)%<90-L!2%1/!
1/0-0!34$;0&940-M!5!(54*0!-/540!$?!%)?$4651%$)!*01-!($-1!5)&!J%5-0&!0-1%6510-!540!5!?40<90)1!
;$)-0<90);0L!d0-054;/04-!/5#0!40;9440)1(A!&06$)-14510&!1/51!0-1%6510-!J5-0&!$)!%63910&!
&515-01-!$91304?$46!0-1%6510-!J5-0&!$)!40&9;0&!&515-01-!1/51!%*)$40!$J-04#51%$)!9)%1-!5)&G$4!
#54%5J(0-!,%1/!6%--%)*!#5(90-!%440-30;1%#0!$?!1/0!9)&04(A%)*!%639151%$)!601/$&!O0L*L!
.$((0&*0!01!5(LM!ETbUh!Q%11(0M!d9J%)M!CDDCPL!:/040?$40M!(%-1@,%-0!&0(01%$)!;5))$1!J0!;$)-%&040&!
5!#%5J(0!5(104)51%#0!1$!%639151%$)!9)(0--!&515!540!6%--%)*!;$63(010(A!51!45)&$6L!'4$6!1/0!
304-30;1%#0!$?!5!34$&9;04!$?!$??%;%5(!-151%-1%;-!1/0!406$#5(!$?!%);$63(010!-0;1%$)-M!#54%5J(0-M!
$4!1%60!-04%0-!?4$6!5!&515-01!&0-1%)0&!?$4!&%--06%)51%$)!%-!9-95((A!)$1!5;;0315J(0L!\$,0#04M!
-$60!-151%-1%;5(!$4*5)%I51%$)-!65A!5(-$!40?45%)!?4$6!39J(%-/%)*!%63910&!-151%-1%;-M!5&/04%)*!1$!
5!-14%;1!%)104340151%$)!$?!1/0%4!4$(0!5-!34$#%&04!$?!j?5;1-k!1/51!;5)!$)(A!$4%*%)510!?4$6!403$410&!
&515!5)&!-/$9(&!)$1!J0!J(0)&0&!,%1/!6040!0-1%6510-L!:/%-!-14510*A!145)-?04-!1/0!;/5((0)*0!$?!
%639151%$)!1$!9-04-!$?!1/0!39J(%-/0&!&515L!!
!
")!%63$415)1!5-30;1!1$!J0!;$)-%&040&!,/0)!;/$$-%)*!5!6%--%)*!&515!10;/)%<90!%-!1/0!
9)&04(A%)*!6%--%)*!&515!60;/5)%-6!Od9J%)M!ETUbh!+;/5?04M!ETTbh!Q%11(0M!d9J%)M!CDDCPL!
d5)&$6!O%*)$45J(0P!5)&!)$)@45)&$6!O-A-10651%;M!%)?$4651%#0P!6%--%)*!#5(90-!;5)!J0!
&%-1%)*9%-/0&L!8)!;5-0!$?!&515!6%--%)*!;$63(010(A!51!45)&$6!OF."dPM!1/0!6%--%)*!&515!
34$;0--!%-!%*)$45J(0!%)!%639151%$)L!F."d!605)-!1/51!1/0!6%--%)*)0--!$?!5!#54%5J(0!)0%1/04!

C3?% C3?& … C3?0 C3?0)%
"#$% "#$& … "#$' … "#$( "#$()% … "#$()* "#$% "#$& … "#$' … "#$( "#$()% … "#$()* "#$% "#$& … "#$' … "#$( "#$()% … "#$()* "#$% … "#$' … "#$( "#$()% … "#$()*

=3$%
=3$&
=3$.
…
…
=3$2
…
…
…
=3$>

%!– 9/--/0:!123*-

&!– 9/--/0:!"#$/#,;3-!/0!C3?2/50- D!– 9/--/0:!=3$/5<-

E!– 9/--/0:!"#$/#,;3-

F!– 9/--/0:!C3?2/50-.!– 9/--/0:!=3$/5<-!/0!C3?2/50-
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! b!

&030)&-!$)!1/0!1490!OJ91!6%--%)*P!#5(90!$?!1/51!#54%5J(0!)$4!$)!$1/04!O$J-04#0&!$4!)$)@
$J-04#0&P!;/545;104%-1%;-L!"!,05N04!5--9631%$)!1/51!65)A!%639151%$)!10;/)%<90-!40(A!$)!%-!
&515!J0%)*!6%--%)*!51!45)&$6!OF"dPL!8)!1/51!;5-0!1/0!6%--%)*)0--!$?!5!#54%5J(0!%-!
%)&030)&0)1!$?!1/0!1490!OJ91!6%--%)*P!#5(90!$?!1/51!#54%5J(0!5?104!;$)14$((%)*!?$4!$1/04!
#54%5J(0-L!8)!$1/04!,$4&-M!1/0!6%--%)*)0--!$)(A!&030)&-!$)!$1/04!#54%5J(0-!,/%;/!;5)!J0!
15N0)!%)1$!5;;$9)1!%)!1/0!%639151%$)!34$;0&940L!=_$*0)$9-!-/$;N-!-9;/!5-!,54!$4!)51945(!
&%-5-104-!540!0_563(0-!$?!?5;1$4-!1/51!5??0;1!1/0!6%--%)*)0--!$?!O0;$)$6%;P!1%60!-04%0-L!")!
%639151%$)!601/$&!)$1!15N%)*!%)1$!5;;$9)1!1/%-!5&&%1%$)5(!%)?$4651%$)!,%((!1A3%;5((A!J0!J%5-0&!
5)&!$#04@!$4!9)&04@0-1%6510!1/0!#54%5J(0!?$4!1/0!6%--%)*!1%60!304%$&L!
!
8?!#5(90-!540!6%--%)*!%)!5!)$)@45)&$6M!-A-10651%;!,5A!OFR"dPM!1/0!&%-14%J91%$)-!$?!1/0!
#54%5J(0!56$)*!;$63(010!5)&!6%--%)*!$J-04#51%$)-!;5))$1!J0!0_30;10&!1$!J0!1/0!-560L!:/%-!
0??0;1!%-!5(-$!N)$,)!5-!-0(0;1%$)!J%5-L!'$4!FR"d!&515!1/0!6%--%)*!&515!60;/5)%-6!65A!)$1!
J0!%*)$40&L!81!;5)!J0!%);(9&0&!%)!6$&0(@J5-0&!%639151%$)!JA!-%69(15)0$9-(A!6$&0(%)*!1/0!
#54%5J(0!1/51!j;$)15%)-k!6%--%)*!#5(90-!5)&!1/0!34$J5J%(%1A!$?!1/51!#54%5J(0!J0%)*!6%--%)*L!
")$1/04!5334$5;/!1$!&05(%)*!,%1/!FR"d!&515!%-!1/0!5)5(A-%-!$?!1/0!0??0;1-!$?!&%??040)1!
6%--%)*!&515!60;/5)%-6-!$)!1/0!%639151%$)!40-9(1L!F9(1%3(0!%639151%$)!O-00!J0($,P!%-!
533(%0&!9)&04!&%??040)1!6%--%)*!&515!-;0)54%$-!5)&!1/0!40-9(1-!540!;$63540&!5)&!;$6J%)0&!
O0L*L!.5430)104M!V0),54&M!2/%10M!CDDbPL!!
!
8)!1/0!?$(($,%)*M!145&%1%$)5(!-%)*(0!%639151%$)!10;/)%<90-M!-151%-1%;5(!651;/%)*M!5)&!69(1%3(0!
%639151%$)!540!J4%0?(A!$91(%)0&L!"!6$40!&015%(0&!%)14$&9;1%$)!1$!%639151%$)!5)&!$1/04!1A30-!$?!
6%--%)*!&515!5)5(A-%-!%-!*%#0)!%)!Q%11(0!5)&!d9J%)!OCDDCP!$4!&0!255(M!>5))0N$0NM!5)&!
+;/$(19-!OCDEEPL!!

 
A .   T raditional approaches 

+%63(0!%639151%$)!5334$5;/0-!-9;/!5-!&01046%)%-1%;!$4!605)!%639151%$)!540!;$66$)!%)!&515!
5)5(A1%;5(!345;1%;0!&90!1$!1/0%4!;$66$)!5#5%(5J%(%1A!5)&!-145%*/1?$4,54&!533(%;5J%(%1A!%)!
-151%-1%;5(!-$?1,540!35;N5*0-!&0-3%10!1/0%4!9)?5#$45J(0!-151%-1%;5(!;/545;104%-1%;-L!8)!$??%;%5(!
-151%-1%;-M!&$)$4@J5-0&!%639151%$)!%-!?40<90)1(A!9-0&L!:/0!;(5--!$?!6$&0(@J5-0&!5334$5;/0-!%-!
#04A!#04-51%(0M!5-!-30;%5(!1A30-!$?!-151%-1%;5(!6$&0(-!;5)!J0!;/$-0)!?$4!-30;%?%;!&515!
;$)-10((51%$)-M!1/$9*/!,%1/!1/0!&45,J5;N!1/51!5!3541%;9(54!601/$&!65A!)$1!J0!533(%;5J(0!1$!
$1/04!%639151%$)!34$J(06-L!8)!345;1%;0M!;$63(0_!%639151%$)!34$J(06-!540!?40<90)1(A!&05(1!
,%1/!JA!hybrid approaches!1/51!;$6J%)0!-0#045(!&%??040)1!601/$&-M!0L*L!6$&0(@J5-0&!5)&!
&$)$4@J5-0&!%639151%$)L!"!40;0)1!0_563(0!$?!1/0!3$--%J(0!%63(%;51%$)-!$?!1/0!%639151%$)!
601/$&!;/$-0)!$)!1/0!<95(%1A!$?!1/0!40-9(1-!%-!34$#%&0&!JA!V53(5)!5)&!+;/9(/$?04@2$/(!
OCDEDPL!
!
Deterministic imputation!%-!1/0!-%63(0-1!%639151%$)!5334$5;/!O53541!?4$6!&0(01%$)PL!81!
403(5;0-!6%--%)*!#5(90-!JA!#5(90-!1/51!540!-30;%?%0&!5&@/$;!O+5)&0!ETUCPL!=5;/!6%--%)*!#5(90!
65A!J0!140510&!&%??040)1(A!%)!5!65)95(!34$;0&940M!$4!5!?0,!49(0-!$?!1/96J!65A!J0!?$469(510&!
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! U!

J5-0&!$)!0_304%0);0!5)&G$4!JA!-9Jf0;1@651104!0_3041-L!:/%-!5334$5;/!&$0-!)$1!;$440-3$)&!1$!
5)A!34%);%3(0!$?!-151%-1%;5(!601/$&$($*A!5)&!9-95((A!&%-1$41-!1/0!O654*%)5(!5-!,0((!5-!f$%)1P!
&%-14%J91%$)-!$?!1/0!%63910&!#54%5J(0-M!J91!%-!533(%;5J(0!?$4!5)A!1A30!$?!#54%5J(0L!")!
0#5(951%$)!%-!/54&(A!3$--%J(0!&90!1$!%1-!5&@/$;!;/545;104L!R0#041/0(0--M!%?!$)(A!5!?0,!#5(90-!
540!6%--%)*M!1/0!&%-1$41%$)!65A!J0!)0*(%*%J(0L!'$4!-$60!1A30-!$?!&515M!?$4!%)-15);0!145)-5;1%$)!
&515!1/51!;5)!J0!#%0,0&!?4$6!1,$!&%40;1%$)-M!-9;/!5-!0_104)5(!145&0!$4!%)104)51%$)5(!
%)#0-160)1!-151%-1%;-M!403(5;%)*!6%--%)*!#5(90-!JA!1/0%4!5#5%(5J(0!6%44$4!#5(90-!-006-!
405-$)5J(0L!'$4!0_563(0M!;$9)14A!"[-!0_3$41-!1$!;$9)14A!Z!O6%--%)*P!65A!J0!-9J-1%1910&!JA!
;$9)14A!Z[-!%63$41-!?4$6!;$9)14A!"L!+1%((M!0-1%651%)*!5!6$&0(!1/51!9-0-!6%44$4!;/545;104%-1%;-!
5-!0_3(5)51$4A!#54%5J(0-!1$!340&%;1!6%--%)*!#5(90-!,$9(&!J0!5!601/$&$($*%;5((A!6$40!-$9)&!
;/$%;0!?4$6!5!-151%-1%;5(!3$%)1!$?!#%0,L!
 
Location-based imputation 403(5;0-!6%--%)*!#5(90-!,%1/!5!($;51%$)!354560104!$?!1/0!
&%-14%J91%$)M!1A3%;5((A!1/0!605)!O?$4!6014%;!#54%5J(0-PM!60&%5)!O6014%;!$4!$4&%)5(!#54%5J(0-P!$4!
6$&0!O;510*$4%;5(!#54%5J(0-PL!:/0!&%-14%J91%$)!354560104!%-!0%1/04!J5-0&!$)!5((!$J-04#0&!
#5(90-!?$4!5!#54%5J(0!$4!$)!5((!#5(90-!,%1/%)!5!-9J*4$93!Oe!-145196P!&0?%)0&!JA!$1/04!
#54%5J(0-L!81!;5)!5(-$!J0!;5(;9(510&!?4$6!5!;$63545J(0!&515-01L!Y-%)*!$#045((!605)!%639151%$)!
$)!(54*0!3541-!$?!5!&515-01!;59-0-!-04%$9-!&%-1$41%$)-!%)!1/0!&%-14%J91%$)-!,%1/!/%*/!305N-!51!1/0!
%63910&!#5(90-!5)&!;$)-%&045J(A!40&9;0&!#54%5J%(%1A!$?!1/0!%63910&!#54%5J(0-L!8639151%$)!$?!
&%??040)1!605)!#5(90-!?$4!&%??040)1!-9J*4$93-!$?!1/0!&515!;5)!40&9;0!1/0!&%-1$41%$)M!%?!1/0!
#54%5J(0-!&0?%)%)*!1/0!*4$93-!540!;$440(510&!,%1/!1/0!#54%5J(0-!,%1/!6%--%)*!#5(90-L!:/%-!
5334$5;/!%-!5(-$!N)$,)!5-!3$-1@-1451%?%;51%$)!O\$(1M!+6%1/M!ETbTPL!'941/04!&45,J5;N-!$?!1/%-!
601/$&!540!O%P!1/51!605)!$4!60&%5)M!5)&!1/9-!1/0!%63910&!&515!3$%)1M!6%*/1!15N0!
9)$J-04#5J(0!#5(90-!5)&!O%%P!1/51M!,%1/!40-30;1!1$!1%60!-04%0-M!0_$*0)$9-!-/$;N-!540!)$1!&05(1!
,%1/!-51%-?5;1$4%(AM!5-!1/0!6%--%)*!#5(90-!?$4!5!1%60!304%$&!%)!,/%;/!5!-/$;N!$;;9440&!,$9(&!
J0!403(5;0&!JA!1/0!5#045*0!$?!1%60!304%$&-!,%1/$91!5!-/$;NL!"-!40*54&-!601/$&!;(5--%?%;51%$)M!
605)!%639151%$)!;5)!5(-$!J0!-00)!5-!3541%;9(54!N%)&!$?!&01046%)%-1%;!%639151%$)L!
!
Distribution-based imputation 9-0-!1/0!0)1%40!063%4%;5(!&%-14%J91%$)!$?!5!#54%5J(0!?$4!
%639151%$)!%)-105&!$?!40-14%;1%)*!%1!1$!$)0!354560104!$?!1/0!&%-14%J91%$)L!:/0!34$J5J%(%1%0-!?$4!
1/0!$;;9440);0!$?!$J-04#0&!#5(90-!$?!5!#54%5J(0!540!0-1%6510&!JA!605)-!$?!1/0!063%4%;5(!
&%-14%J91%$)!?9);1%$)!O)$)@35456014%;P!$4!5!35456014%;!&%-14%J91%$)!J5-0&!$)!5!&%-14%J91%$)!
5--9631%$)!5)&!1/0!354560104-!0-1%6510&!?4$6!1/0!$J-04#0&!#5(90-L!:/0!%639151%$)!#5(90!%-!
&45,)!45)&$6(A!?4$6!1/%-!34$J5J%(%1A!&%-14%J91%$)L!"-!($;51%$)@J5-0&!%639151%$)M!
&%-14%J91%$)@J5-0&!%639151%$)!;5)!5(-$!J0!533(%0&!1$!6$40!/$6$*0)0$9-!-9J*4$93-!$?!1/0!
&515-01L!g)0!5&#5)15*0!5-!;$63540&!1$!605)!%639151%$)!%-!1/51!$)(A!$J-04#5J(0!#5(90-!540!
%63910&L!F$-1!$?10)M!$)(A!9)%#54%510!&%-14%J91%$)-!540!15N0)!%)1$!5;;$9)1M!5(1/$9*/!5!
69(1%#54%510!5334$5;/!65A!J01104!40?(0;1!405(%1A!%)!1046-!$?!405-$)5J(0!#5(90!;$6J%)51%$)-!
304!$J-04#51%$)!9)%1G-0;1%$)L!F$40!-$3/%-1%;510&!&%-14%J91%$)@J5-0&!%639151%$)!10;/)%<90-!540!
%10451%#0!34$;0&940-!1/51!65N0!9-0!$?!1/0!=F!O0_30;151%$)!65_%6%I51%$)P!34%);%3(0!
OW063-104M!Q5%4&M!d9J%)M!ETbbP!O-00!-0;1%$)!.L!$)!69(1%3(0!%639151%$)!J0($,PL!
!
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! T!

Model-based imputation 9-0-!;$440(51%$)-!J01,00)!5#5%(5J(0!#54%5J(0-!5)&!#54%5J(0-!,%1/!
6%--%)*!#5(90-!1$!0-1%6510!5!O(%)054P!6$&0(!,/%;/!%-!1/0)!533(%0&!1$!340&%;1!1/0!6%--%)*!
#5(90-L!81!%-!533(%;5J(0!1$!)$6%)5(M!$4&%)5(M!5)&!6014%;!#54%5J(0-h!1/0!1A30!$?!#54%5J(0!/5-!1$!
J0!5;;$9)10&!?$4!%)!1/0!;/$%;0!$?!1/0!6$&0(!1A30L!'$4!0_563(0M!O69(1%)$6%5(P!($*%1!$4!34$J%1!
6$&0(-!65A!J0!9-0&!?$4!;510*$4%;5(!#54%5J(0-L!8)!;5-0!$?!1%60!-04%0-M!591$@40*40--%$)!6$&0(-!
540!;$66$)L!"-!1/0!%639151%$)!6$&0(!%-!340&%;1%#0!5)&!)$1!;59-5(M!5((!5#5%(5J(0!#54%5J(0-!1/51!
65A!%634$#0!1/0!340&%;1%$)!-/$9(&!J0!9-0&h!0-30;%5((A!#54%5J(0-!%)#$(#0&!%)!1/0!-94#0A!
&0-%*)!540!$?!40(0#5);0L!:/0!&5)*04!%-!6$40!%)!(05#%)*!$91!9-0?9(!340&%;1$4-!1/5)!%)!%);(9&%)*!
1$$!65)A!9)%63$415)1!#54%5J(0-L!:/0!(51104!65A!(05&!1$!5!($--!%)!340;%-%$)M!J91!;5)!J0!
$#04;$60!JA!1/0!9-5*0!$?!-103,%-0!#54%5J(0!-0(0;1%$)!34$;0&940-L!+1%((M!1/0!)0;0--%1A!$?!
%&0)1%?A%)*!1/0!jJ0-1k!6$&0(!65N0-!1/0!533(%;51%$)!$?!6$&0(@J5-0&!%639151%$)!;$63545J(A!
;$63(0_L!=#0)!1/$9*/!6$&0(%)*!10)&-!1$!34$&9;0!-6$$1/0&!&515M!%1!J01104!340-04#0-!1/0!
%)&%#%&95(!5)&!f$%)1!&%-14%J91%$)-!$?!%63910&!#54%5J(0-!1/5)!$1/04!601/$&-!5)&!9-95((A!
40&9;0-!J%5-!%)!1/0!0-1%651%$)!$?!5**40*510-!-9;/!5-!605)-!5)&!1$15(-!J5-0&!$)!1/0!;$63(010&!
&515-01L!F$&0(@J5-0&!%639151%$)!5(-$!5(($,-!15N%)*!%)1$!5;;$9)1!0_104)5(!-/$;N-L!
!
Donor-based imputation 15N0-!%639151%$)!#5(90-!?4$6!5!-$@;5((0&!&$)$4!1/51!%-!5!;$63(010!
$J-04#51%$)!,%1/!-%6%(54!;/545;104%-1%;-!5-!1/0!%);$63(010!$J-04#51%$)!O1/0!40;%3%0)1PL!:/0!
-%6%(%19&0!J01,00)!&$)$4!5)&!40;%3%0)1!%-!&01046%)0&!#%5!651;/%)*!#54%5J(0-!1$!J0!-0(0;10&!
J5-0&!$)!1/0%4!;$440(51%$)!,%1/!1/0!#54%5J(0!1$!J0!%63910&L!W$)$4@J5-0&!%639151%$)!%-!$?10)!
9-0&!?$4!%639151%$)!$?!;510*$4%;5(!#54%5J(0-L!
!
Hot-/cold-deck methods!*4$93!1/0!;$63(010!$J-04#51%$)-!$?!5!&515-01!%)1$!-9J-01-!1/51!-/540!
1/0!-560!#5(90-!%)!1/0!O9-95((A!;510*$4%;5(P!651;/%)*!#54%5J(0-L!\$1@&0;N!34$;0&940-!-0(0;1!
&$)$4-!?4$6!1/0!-560!&515-01!O1/0!$)0!,%1/!6%--%)*!#5(90-Ph!;$(&@&0;N!34$;0&940-!9-0!$1/04!
;$63545J(0!&515!-$94;0-L!:$!05;/!$J-04#51%$)!,%1/!6%--%)*!#5(90-M!$)0!$?!1/0!&$)$4-!$?!1/0!
651;/%)*!-9J-01!%-!5--%*)0&L!:/0!-0(0;1%$)!$?!1/0!&$)$4!;5)!J0!;544%0&!$91!O%P!-0<90)1%5((AM!O%%P!
JA!605)-!$?!5!45)&$6!34$;0--M!O%%%P!J5-0&!$)!&%-15);0-!,%1/!40-30;1!1$!$1/04!;$66$)!
#54%5J(0-M!$4!O%#P!J5-0&!$)!45)N-!,%1/!40-30;1!1$!5!;$66$)!$4&%)5(!#54%5J(0L!d5)&$6!
-0(0;1%$)!34$;0&940-!540!1/0!6$-1!;$66$)L!!
!
Nearest neighbor methods!605-940!1/0!&%-15);0!J01,00)!;$63(010!$J-04#51%$)-!5)&!
$J-04#51%$)-!,%1/!6%--%)*!#5(90-!9-95((A!J5-0&!$)!6014%;!651;/%)*!#54%5J(0-L!:54-%15)$!5)&!
'5(;$)0!OCDEDP!-/$,!/$,!1$!&05(!,%1/!6%_0&@1A30!651;/%)*!#54%5J(0-L!=%1/04!1/0!)0540-1!
)0%*/J$4!$4!$)0!$?!1/0!k!)0540-1!)0%*/J$4-!1/51!%-!-0(0;10&!45)&$6(A!%-!9-0&!5-!5!&$)$4L!"!
69(1%@&$)$4!5334$5;/!;5)!J0!394-90&!%)-105&!$?!;/$$-%)*!$)0!3541%;9(54!&$)$4!?4$6!1/0!-01!$?!
3$10)1%5(!&$)$4-L!8)!1/%-!;5-0M!5!-01!$?!&$)$4-!%-!;$6J%)0&!JA!;5(;9(51%)*!1/0!%63910&!#5(90!5-!
5!O,0%*/10&P!5#045*0!$4!60&%5)!$?!1/0!&$)$4-]!#5(90-M!?$4?0%1%)*!1/0!5&#5)15*0!$?!;4051%)*!
$J-04#5J(0!#5(90-!51!5)A!4510L!c54%$9-!,0%*/1%)*!-;/060-!540!;$);0%#5J(0M!?$4!0_563(0!
34$3$41%$)5(!1$!1/0!-%6%(54%1A!J01,00)!&$)$4!5)&!40;%3%0)1M!1$!1/0!?40<90);A!$?!5!&$)$4!
5(405&A!J0%)*!9-0&!?$4!$1/04!40;%3%0)1-M!$4!1$!1/0!?40<90);A!$?!1/0!351104)!$?!1/0!651;/%)*!
#54%5J(0-!$?!1/0!&$)$4!$;;944%)*!%)!1/0!&515-01L!
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! ED!

 
8?!1/0!)96J04!$?!651;/%)*!#54%5J(0-!%-!(54*0M!1/0!)96J04!$?!3$10)1%5(!&$)$4-!65A!J0!#04A!
-65((L!g)!1/0!$1/04!/5)&M!1/0!9-5*0!$?!#04A!?0,!651;/%)*!#54%5J(0-!65A!40-9(1!%)!5!3$$4!
651;/L!"110631-!1$!%63910!?$4!5((!6%--%)*!#54%5J(0-!%)!5!-%)*(0!34$;0--%)*!-103!9-95((A!(05&!1$!
5)!0_;0--%#0!9-5*0!$?!1/0!-560!;$63(010!$J-04#51%$)-!5-!&$)$4-L!8)!;$)145-1!1$!6$&0(@J5-0&!
5)&!605)!%639151%$)M!&$)$4@J5-0&!601/$&-!*0)045((A!34$&9;0!%63910&!&515-01-!1/51!533054!
6$40!405(%-1%;M!-%);0!1/0A!%63910!$J-04#0&!#5(90-!O0_;031!?$4!69(1%@&$)$4!5334$5;/0-P!5)&!
J01104!40?(0;1!1/0!&%-14%J91%$)5(!34$3041%0-L!\$,0#04M!&$)$4@J5-0&!%639151%$)!10;/)%<90-!
%)#$(#0!5!)96J04!$?!-9Jf0;1%#0!&0;%-%$)-!1/51!;4%1%;5((A!5??0;1!1/0!<95(%1A!$?!1/0!;$63(010&!
&515-01M!-9;/!5-!1/0!-0(0;1%$)!$?!651;/%)*!#54%5J(0-!5)&!1/0!;/$%;0!$?!&%-15);0!605-940-M!5)&!
65A!J0!;4%1%;%I0&!?$4!1/0%4!/094%-1%;!)51940L!"(1/$9*/!&$)$4@J5-0&!601/$&-!;5)!&05(!,%1/!
40;%3%0)1!#54%5J(0-!$?!5)A!1A30M!6$&0(@J5-0&!5334$5;/0-!540!$?10)!340?0440&!%)!;5-0!$?!6014%;!
40;%3%0)1!#54%5J(0-M!,/0405-!1/0!$33$-%10!/$(&-!1490!?$4!;510*$4%;5(!40;%3%0)1!#54%5J(0-L!!
 

B .   Statistical Matching 

+151%-1%;5(!651;/%)*!;5)!J0!40*54&0&!5-!5!3541%;9(54!1A30!$?!&$)$4@J5-0&!%639151%$)L!81!
0)4%;/0-!5!40;%3%0)1!&515-01!,%1/!#54%5J(0-!$)(A!5#5%(5J(0!%)!5!&$)$4!&515-01!JA!;$6J%)%)*!
$J-04#51%$)-!?4$6!1/0!1,$!&515-01-!J5-0&!$)!1/0!-%6%(54%1A!$?!651;/%)*!#54%5J(0-!1/51!540!
5#5%(5J(0!%)!J$1/!&515-01-L!:/0!651;/%)*!34$;0--!*%#0-!4%-0!1$!;$63(010&!$J-04#51%$)-!,%1/!
#54%5J(0-!1/51!,040!;$63(010(A!6%--%)*!%)!1/0!40;%3%0)1!-01!%63910&!?4$6!1/0!&$)$4!-01L!8)!
constrained matchingM!0#04A!40;%3%0)1!5-!,0((!5-!0#04A!&$)$4!$J-04#51%$)!%-!%);(9&0&!%)!1/0!
?%)5(!&515-01!,%1/!5!-563(0!,0%*/1!%&0)1%;5(!1$!%1-!-563(0!,0%*/1!J0?$40!651;/%)*!%)!$4&04!1$!
340-04#0!1/0!&%-14%J91%$)-!$?!1/0!1,$!&515-01-L!"!340;$)&%1%$)!?$4!;$)-145%)0&!651;/%)*!%-!1/0!
%&0)1%1A!$?!1/0!,0%*/10&!3$39(51%$)!1$15(-!%)!J$1/!&515-01-L!Unconstrained matching!&$0-!)$1!
3(5;0!-9;/!5!40-14%;1%$)!$)!1/0!651;/0-L!"!&45,J5;N!$?!;$)-145%)1!651;/%)*!%-!1/51M!$)!
5#045*0M!1/0!&%-15);0-!J01,00)!651;/0&!$J-04#51%$)-!65A!J0!(54*04!1/5)!%)!9);$)-145%)0&!
651;/%)*!O0L*L!\$((0)J0;NM!W$A(0M!ETbTPL!!
 
Equivalence class matching -9J&%#%&0- 1/0!&515-01-!%)1$!;$63545J(0!-9J-01-!Oe!0<9%#5(0);0!
;(5--0-P!$?!$J-04#51%$)-!JA!605)-!$?!5*40060)1!$4!-%6%(54%1A!$?!651;/%)*!#54%5J(0-!$4!;(9-104!
5)5(A-%-L!:$!05;/!40;%3%0)1!%)!5!-9J-01!$)0!$4!6$40!&$)$4-!?4$6!1/0!-560!-9J-01!540!5--%*)0&L!
W$)$4-!65A!J0!-0(0;10&!J5-0&!$)!&%-15);0!605-940-!$4!45)&$6(A!O;?L!gN)04M!ETbCPL!F9(1%3(0!
&$)$4-!;5)!J0!;$6J%)0&!JA!-$60!5**40*51%$)!?9);1%$)M!0L*L!605)M!60&%5)M!$4!6$&0M!
&030)&%)*!$)!1/0!1A30!$?!#54%5J(0!Oc5)!&04!>9110)M!CDDDPL!=<9%#5(0);0!;(5--!651;/%)*!
;$440-3$)&-!1$!;$(&@&0;N!&$)$4@J5-0&!%639151%$)!$?!;$63(010(A!6%--%)*!#54%5J(0-L!
 
Regression-based matching!651;/0-!40;%3%0)1-!5)&!&$)$4-!J5-0&!$)!1/0!5*40060)1!$4!
-%6%(54%1A!$?!5&&%1%$)5(!#54%5J(0-!0-1%6510&!%)!J$1/!&515-01-!O;?L!V5&5)0M!ETbUh!F$4%54%1AM!
+;/0940)M!CDDEh!d50--(04M!CDDCPL!:A3%;5((AM!1/0-0!5&&%1%$)5(!#54%5J(0-!540!0-1%6510&!JA!
605)-!$?!40*40--%$)!6$&0(-!,%1/!1/0!;$66$)!651;/%)*!#54%5J(0-!5-!40*40--$4-!5)&!1/0!O&%-@P!
-%6%(54%1A!<95)1%?%0&!%)!1046-!$?!F5/5(5)$J%-!&%-15);0L!d0*40--%$)@J5-0&!651;/%)*!%-!
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! EE!

;$63545J(0!1$!6$&0(@J5-0&!%639151%$)!,%1/!1,$!&515-01-M!J91!%)-105&!$?!1/0!0-1%6510&!#5(90M!
1/0!#5(90!$?!1/0!)0540-1!3$10)1%5(!&$)$4!,%1/!40-30;1!1$!1/0!0-1%6510&!#54%5J(0-!%-!9-0&L!!
!
Propensity score matching!Od$-0)J596M!d9J%)M!ETUSP!/5-!$4%*%)5((A!J00)!&0-%*)0&!%)!5!
&%??040)1!;$)10_1!J91!;5)!J0!9-0&!?$4!%&0)1%?A%)*!&$)$4-!%)!-15)&54&!%639151%$)!$4!-151%-1%;5(!
651;/%)*!-%1951%$)-L!:$!1/%-!0)&M!1/0!34$30)-%1A!-;$40!%-!&0?%)0&!5-!1/0!;$)&%1%$)5(!34$J5J%(%1A!
$?!5)!$J-04#51%$)!J0%)*!;$)15%)0&!%)!1/0!&515-01!$?!&$)$4-!$4!1/0!&515-01!$?!40;%3%0)1-!*%#0)!5!
-01!$?!#54%5J(0-!5#5%(5J(0!%)!J$1/!&515-01-L!:/%-!34$30)-%1A!-;$40!%-!9-95((A!0-1%6510&!#%5!
($*%-1%;!40*40--%$)!$)!1/0-0!;$66$)!O651;/%)*P!#54%5J(0-L!:/0!651;/%)*!%-!;544%0&!$91!JA!
5--%*)%)*!1$!05;/!40;%3%0)1!1/0!)0540-1!&$)$4!%)!1046-!$?!1/0!34$30)-%1A!-;$40L!>4$30)-%1A!
-;$40!651;/%)*!;5)!J0!40*54&0&!5-!5!-30;%5(!;5-0!$?!40*40--%$)@J5-0&!651;/%)*L!
!

C .   Multiple imputation 

F9(1%3(0!%639151%$)!Od9J%)M!ETUbM!ETTaP %-!5!-%69(51%$)@J5-0&!5334$5;/!1$!1/0!-151%-1%;5(!
5)5(A-%-!$?!%);$63(010!&515L!:/0!%&05!$?!69(1%3(0!%639151%$)!%-!1$!0_145;1!40(0#5)1!%)?$4651%$)!
?4$6!1/0!$J-04#0&!3$41%$)-!$?!5!&515-01!#%5!5!-151%-1%;5(!6$&0(!1$!%63910!69(1%3(0!O9-95((A!
5J$91!?%#0P!#5(90-!?$4!05;/!6%--%)*!;0((!5)&!9-0!1/0-0!#5(90-!1$!;$)-149;1!69(1%3(0!;$63(010&!
&515-01-L!:/0!Z5A0-%5)!%)104340151%$)!$?!1/%-!5334$5;/!%-!1/51!69(1%3(0!%63910&!#5(90-!540!
&45,)!?4$6!5)!0-1%6510!$?!1/0!3$-104%$4!&%-14%J91%$)!O%)-105&!$?!9-%)*!1/0!0_30;10&!#5(90!$?!
1/%-!&%-14%J91%$)!5-!5!-%)*(0!%63910&!#5(90PL!:/0-0!540!1/0)!5)5(AI0&!JA!-15)&54&!;$63(010!
&515!601/$&-M!5)&!1/0!40-9(1-!;$6J%)0&!1$!34$&9;0!%)?040)1%5(!-151060)1-!O0L*L!%)104#5(!
0-1%6510-!$4!3@#5(90-P!1/51!%);$43$4510!6%--%)*!&515!9);0415%)1AL!8)!*0)045(M!1/0!J0)0?%1!$?!
-9;/!5!34$;0&940!%-!1/51!1/0!%639151%$)!5)5(A-1-!;5)!533(A!,/510#04!-151%-1%;5(!601/$&!1/0A!
,$9(&!/5#0!533(%0&!%?!1/040!/5&!J00)!)$!6%--%)*!#5(90-!1$!05;/!;$63(010&!&515-01!5)&!1/0)!
9-0!5!-%63(0!34$;0&940!1$!;$6J%)0!1/0!40-9(1-L!+15)&54&!-%)*(0!%639151%$)!34$;0&940-!;5)!J0!
6%-(05&%)*!JA!;59-%)*!-151%-1%;5(!5)5(A-%-!-$?1,540!1$!5--960!1/51!1/0!&515!/5-!6$40!
$J-04#51%$)-!1/5)!5;195((A!$J-04#0&!5)&!1$!65*)%?A!1/0!;$)?%&0);0!JA!J%5-%)*!-15)&54&!044$4-!
5)&!;$)?%&0);0!%)104#5(-L!F9(1%3(0!%639151%$)!5(*$4%1/6-!5#$%&!1/%-!5)&!34$#%&0!5)!
5--0--60)1!$?!1/0!9);0415%)1A!;59-0&!JA!1/0!%639151%$)!34$;0--L!:/0!*$5(!$?!69(1%3(0!
%639151%$)!%-!1$!34$#%&0!5!;$63(010&!&515-01!1/51!5(($,-!-151%-1%;5((A!#5(%&!%)?040);0M!J91!)$1!
1$!40;40510!%)&%#%&95(!6%--%)*!#5(90-!JA!$31%65(!3$%)1!340&%;1%$)L!W0-3%10!-$60!;4%1%;%-6!$?!
69(1%3(0!%639151%$)!J5-0&!$)!%1-!40(%5);0!$)!-%69(51%$)M!1/040!%-!0#%&0);0!1/51!69(1%3(0!
%639151%$)!O0#0)!,%1/!5!#04A!-%63(%-1%;!6$&0(P!%-!340?045J(0!1$!-15)&54&!O$4!0#0)!
-$3/%-1%;510&P!5334$5;/0-!,%1/!-%)*(0!%639151%$)!%)!1046-!$?!%)?040);0-!?4$6!1/0!;$63(010&!
&515-01!O0L*L!\0%1f5)!5)&!d9J%)M!ETTDPL!+$60!%&05-!$)!/$,!65)A!%639151%$)-!540!40<9%40&!%)!
69(1%3(0!%639151%$)!;5)!J0!?$9)&!%)!i45/56M!g(;/$,-N%M!i%(4051/!OCDDbPL!:/0!35304!JA!
+100(0M!25)*M!5)&!d5?104A!OCDEDP!%-!5)!0_563(0!$?!?941/04!601/$&$($*%;5(!&0#0($360)1-!$?!
69(1%3(0!%639151%$)L!d9J%)!OETUaP!34$#%&0-!%)-%*/1!%)!9-%)*!69(1%3(0!%639151%$)!?$4!-151%-1%;5(!
651;/%)*L!i0(65)!01!5(L!OCDDHP!&06$)-14510-!/$,!;$63(010&!&515-01-!$J15%)0&!JA!69(1%3(0!
%639151%$)!;5)!J0!9-0&!1$!%634$#0!6$&0(!&%5*)$-1%;-L!
!
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! EC!

"!40(510&!5334$5;/!;$)-%-1-!%)!1/0!*0)0451%$)!$?!K!f5;NN)%?0!$4!J$$1-1453!-563(0-!O0L*L!Z94)-M!
ETTDh!=?4$)M!ETT`P!$?!1/0!&515-01!,%1/!6%--%)*!#5(90-M!%6391%)*!1/0!6%--%)*!#5(90-!%)!1/0!
-563(0-M!5)&!5**40*51%)*!1/0!%63910&!#5(90-!$#04!1/0!-563(0-!1$!$J15%)!$)0!%63910&!#5(90!
?$4!05;/!6%--%)*!#5(90L!"!f5;NN)%?0!-563(0!%-!5!-9J-01!$?!1/0!$4%*%)5(!&515-01!1/51!%-!*0)04510&!
JA!$6%11%)*!$)0!$J-04#51%$)L!Y-95((AM!K!%-!0<95(!1$!1/0!)96J04!$?!$J-04#51%$)-!%)!1/0!$4%*%)5(!
&515-01!,/0)!f5;NN)%?0!-563(0-!540!9-0&L!Z$$1-1453!-563(0-!40-9(1!?4$6!-563(%)*!,%1/!
403(5;060)1!?4$6!1/0!$4%*%)5(!&515-01L!F9(1%3(0!%639151%$)!%-!-9304%$4!1$!1/%-!40-563(%)*!
5334$5;/M!51!(05-1!5;;$4&%)*!1$!1/0!%)#0)1$4!$?!69(1%3(0!%639151%$)!Od9J%)M!ETTaPL!
!
810451%#0!%639151%$)!34$;0&940-!J5-0&!$)!1/0!=F!O0_30;151%$)!65_%6%I51%$)P!5(*$4%1/6!
OW063-104M!Q5%4&M!d9J%)M!ETbbP!540!5(-$!;($-0(A!40(510&!1$!69(1%3(0!%639151%$)L!:/0!=F!
5(*$4%1/6!;$)-%-1-!$?!O%P!5)!0_30;151%$)!O=P!-103!1/51!403(5;0-!6%--%)*!#5(90!JA!0_30;10&!
#5(90-!$?!1/0!&%-14%J91%$)!J5-0&!$)!0-1%6510&!&%-14%J91%$)!354560104-!5)&!O%%P!5!65_%6%I51%$)!
OFP!-103!1/51!0-1%6510-!1/0!354560104-!$?!1/0!&%-14%J91%$)!JA!65_%6%I%)*!1/0!&515!($*@
(%N0(%/$$&!?9);1%$)L!:/%-!605)-!1/51!?%4-1!6%--%)*!#5(90-!540!403(5;0&!JA!-$60!%)%1%5(!
0-1%6510-!O65A!J0!15N0)!?4$6!5)A!$1/04!%639151%$)!601/$&P!5)&!1/0)!&%-14%J91%$)!354560104-!
540!0-1%6510&!J5-0&!$)!1/0!;$63(010&!&515-01L!:/0-0!354560104!0-1%6510-!540!9-0&!1$!;5(;9(510!
0_30;10&!#5(90-!?$4!1/0!6%--%)*!#5(90-!5)&!403(5;0!1/06!5*5%)M!;4051%)*!5!)0,!;$63(010&!
&515-01!?$4!354560104!0-1%651%$)L!:/0-0!-103-!540!4030510&!9)1%(!;$)#04*0);0L!W515!
59*60)151%$)!O:5))04M!2$)*M!ETUbP!;$6J%)0-!1/0!%&05-!$?!69(1%3(0!%639151%$)!5)&!=F!
0-1%651%$)L!i%JJ-[!-563(%)*!OF014$3$(%-!01!5(LM!ETHSh!\5-1%)*-M!ETbDh!.5-0((5M!i0$4*0M!ETTCP!
%-!5)$1/04!Z5A0-%5)!-%69(51%$)!601/$&!40(510&!1$!69(1%3(0!%639151%$)!5)&!1/0!=F!34%);%3(0L!
!
!

I V .   APPL I C A BI L I T Y O F M ISSIN G D A T A T E C H NI Q U ES T O T I M E SE RI ES D A T A 

:/0!40(0#5);0!5)&!533(%;5J%(%1A!$?!1/0!&%-;9--0&!6%--%)*!&515!10;/)%<90-!1$!1%60!-04%0-!&515!
(54*0(A!&030)&-!$)!1/0!6%--%)*!&515!351104)L!8)!1/%-!;$)10_1M!40(0#5)1!351104)-!540!O%P!6%--%)*!
%106-M!O%%P!6%--%)*!304%$&-M!O%%%P!6%--%)*!#54%5J(0-M!5)&!O%#P!6%--%)*!-0;1%$)-L!!
!
8)!;5-0!$?!missing itemsM!5((!6%--%)*!&515!10;/)%<90-!540!533(%;5J(0L!Q$$N%)*!51!#54%5J(0-M!
1/0-0!10;/)%<90-!;5)!J0!533(%0&!J$1/M!304!#54%5J(0!O#54%5J(0@,%-0P!5)&!304!304%$&!O%)104@
#54%5J(0PL!2%1/!40-30;1!1$!-0;1%$)-M!1/0!10;/)%<90-!;5)!J0!9-0&!0%1/04!304!-0;1%$)!O-0;1%$)@
,%-0P!$4!5;4$--!-0;1%$)-L!c54%5J(0@,%-0!1405160)1!$?!6%--%)*!%106-!605)-!1/51!1/0!1063$45(!
351104)!$?!1/0!#54%5J(0!%-!15N0)!%)1$!5;;$9)1L!8)104@#54%5J(0!5334$5;/0-!?$;9-!$)!40(51%$)-/%3-!
J01,00)!#54%5J(0-L!+0;1%$)@,%-0!533(%;51%$)!$?!6%--%)*!&515!10;/)%<90-!;$440-3$)&-!1$!
&05(%)*!,%1/!6%--%)*!#5(90-!%)!$)0!-0;1%$)!51!5!1%60M!,/0405-!;4$--@-0;1%$)5(!6%--%)*!&515!
1405160)1!;5)!65N0!9-0!$?!;$63545J(0!-0;1%$)-!1$!;$63(010!6%--%)*!%106-L!8)!5)A!;5-0M!1/0!
-30;%?%;!1%60!-04%0-!;/545;104%-1%;-!$?!1/0!&515!-/$9(&!J0!5;;$9)10&!?$4!5-!&%-;9--0&!J0($,L!!
!
Missing periods %)!-%)*(0!O9)%@!$4!69(1%#54%510P!1%60!-04%0-!&515!;5)!J0!&05(1!,%1/!#54%5J(0@
,%-0!$4!%)!5!;$6J%)0&!#54%5J(0@,%-0!5)&!%)104@#54%5J(0!5334$5;/L!")5($*$9-(AM!6%--%)*!
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! ES!

304%$&-!%)!9)%#54%510!;4$--@-0;1%$)5(!1%60!-04%0-!;5)!J0!?%((0&!JA!-0;1%$)@,%-0!$4!;$6J%)0&!
-0;1%$)@,%-0!5)&!;4$--@-0;1%$)5(!34$;0&940-L!8)!69(1%#54%510!;4$--@-0;1%$)5(!1%60!-04%0-M!
6%--%)*!304%$&-!;5)!J0!;$63(010&!JA!#54%5J(0@,%-0M!-0;1%$)@,%-0M!$4!;$6J%)51%$)-!$?!
#54%5J(0@,%-0M!-0;1%$)@,%-0M!%)104@#54%5J(0M!5)&!;4$--@-0;1%$)5(!5334$5;/0-L!!
!
'$4!%6391%)*!missing variables!5)&G$4!sections!%)!1%60!-04%0-!&515M!5&&%1%$)5(!&515!-$94;0-!
/5#0!1$!J0!9-0&!%440-30;1%#0!$?!1/0!1A30!$?!1%60!-04%0-L!:/%-!%-!)0;0--54A!-%);0!1%60!%-!1/0!$)(A!
;$66$)!&%60)-%$)!%)!1/0-0!6%--%)*!&515!351104)-L!
!
Missing Data T echniques with T ime Series Data 
!
L istwise deletion!$?!1%60!-04%0-!&515!%-!$)(A!5;;0315J(0!%)!-30;%5(!;%4;96-15);0-!O%L0L!%?!
F."d!/$(&-PL!'$4!%)-15);0M!%?!($,04!5)&!/%*/04!?40<90);A!&515!540!;$)15%)0&!%)!5!&515-01M!
$)0!65A!&0;%&0!1$!9-0!5((!&515!51!1/0!($,04!?40<90);A!$)(AL!:/%-!65A!40-9(1!%)!5!($--!$?!
-05-$)5(!0??0;1-M!J91!1/0!5)5(A-%-!$?!($)*04@1046!140)&-!%-!-1%((!#5(%&L!!
 
Deterministic imputation!%-!533(%;5J(0!1$!1%60!-04%0-!&515L!'$4!0_563(0M!1/0!j.544A!Q5-1!
c5(90!'$4,54&k!-14510*A!1/51!403(5;0-!6%--%)*!#5(90-!JA!1/0!6$-1!40;0)1!5#5%(5J(0!#5(90!%-!
05-A!1$!9-0L!\$,0#04M!1/0!J0?$40!60)1%$)0&!;$);04)-!40(510&!1$!601/$&$($*%;5(!-$9)&)0--M!
%)14$&9;0&!J%5-M!5)&!<95(%1A!605-945J%(%1A!533(A!5-!?$4!%6391%)*!-94#0A!&515!O;?L!-0;1%$)!CPL!
 
Location-based imputation -/$9(&!J0!140510&!,%1/!;591%$)!%)!1%60!-04%0-L!d03(5;%)*!5!
6%--%)*!#5(90!,%1/!1/0!605)!$?!1/0!-560!#54%5J(0!%)!1/0!-560!-0;1%$)!$#04!5((!5#5%(5J(0!
304%$&-!,%((!A%0(&!9)?05-%J(0!40-9(1-!%)!6$-1!;5-0-L!:/%-!5(-$!533(%0-!1$!-9J-1%191%)*!5!6%--%)*!
#5(90!,%1/!1/0!605)!$?!1/0!-560!#54%5J(0!$#04!5((!-0;1%$)-L!F$#%)*!5#045*0-!$?!1/0!-560!
#54%5J(0!%)!1/0!-560!-0;1%$)!$#04!1%60!65A!J0!;$)-%&040&!%)-105&L!:/%-!65A!J0!40*54&0&!5-!5!
N%)&!$?!($;51%$)@J5-0&!%639151%$)M!J91!5(-$!5-!6$&0(@J5-0&!%639151%$)L!8?!1/0!)96J04!$?!
)0%*/J$4%)*!304%$&-!9-0&!%)!1/0!;5(;9(51%$)!$?!1/0!6$#%)*!5#045*0!%-!1,$M!1/%-!N%)&!$?!
%639151%$)!;$440-3$)&-!1$!(%)054!%)1043$(51%$)L!F$#%)*!5#045*0-!10)&!1$!34$&9;0!451/04!
-6$$1/!;94#0-!5)&!540!)$1!5J(0!1$!340&%;1!0_;031%$)5(!305N-M!,/%;/!%-!0-30;%5((A!;4%1%;5(!%)!
;5-0!$?!*53-!(54*04!1/5)!$)0!304%$&L!g1/04!1A30-!$?!%)1043$(51%$)M!-9;/!5-!-3(%)0-!
O+;/$0)J04*M!ET`aPM!;5)!5(-$!J0!9-0&!?$4!%6391%)*!5!-%)*(0!#54%5J(0!$#04!1%60L!
 
Distribution-based imputation ?$4!1%60!-04%0-!6%--%)*!&515!40<9%40-!1/0!9-5*0!$?!-30;%5(!
;$)&%1%$)5(!&%-14%J91%$)!?9);1%$)-!1/51!5;;$9)1!?$4!(5**0&!#54%5J(0-L!86391%)*!,%1/!1/0-0!6$40!
;$63(0_!&%-14%J91%$)!?9);1%$)-!1/51!%);(9&0!1063$45(!&030)&0);%0-!&%40;1(A!(05&-!1$!6$&0(@
J5-0&!601/$&-L!!
 
Model-based methods!540!6$-1!?40<90)1(A!5&$310&!?$4!%);$63(010!1%60!-04%0-L!F$&0(-!65A!
0%1/04!J0!;4$--@-0;1%$)5(!5)&G$4!;4$--@#54%5J(0!$4!1%60!-04%0-!6$&0(-!$4!;$6J%)51%$)-!$?!1/0!
1,$!5)&!-00N!1$!?%)&!40(51%$)-/%3-!J01,00)!-0;1%$)-!5)&G$4!#54%5J(0-!$4!1%60!304%$&-L!:%60!
-04%0-!10;/)%<90-!533(%;5J(0!1$!%639151%$)!540!591$!40*40--%#0!5)&G$4!6$#%)*!5#045*0!6$&0(-!
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! E`!

O0L*L!'0440%$M!ETUbh >54I0)M!ETU`PM!-1510!-35;0!6$&0(-!O0L*L!W94J%)M!V$$365)M!CDD`PM!;94#0!
?%11%)*!$4!-6$$1/%)*!5(*$4%1/6-!O0L*L!&0!K$)*M!ETTHh!\0M!l9;0(M!d5*/9)51/5)M!CDEEPM V5(65)!
?%(104-!OV5(65)M!ETaDh!\54#0AM!ETUTh!\54#0AM!>%04-0M!ETU`P!$4!$1/04!1A30-!$?!&A)56%;!
Z5A0-%5)!)01,$4N-!O0L*L!>054(M!ETUUM!CDDTPL!"3541!?4$6!1%60!-04%0-!6$&0(-M!40-054;/04-!%)!5!
J4$5&!45)*0!$?!533(%;51%$)!&$65%)-!340-0)10&!&%??040)1!;(5--%?%;51%$)!5(*$4%1/6-!1/51!34$&9;0!
*$$&!40-9(1-!%)!1/0!%639151%$)!$?!1%60!-04%0-L!=_563(0-!540!)0945(!)01,$4N-!O"(0_%5&%-!01!5(LM!
ETTUh!V%/$4$!01!5(LM!CDDbPM!N@605)-!;(9-104%)*!O\51/5,5AM!Z0I&0NM!CDDEPM!-05-$)5(!351104)!
40;$*)%1%$)!O./%0,;/5),5115)5M!Q94-%)-53M!./9M!CDDbPM!$4!*0)01%;!5(*$4%1/6-!O'%*904$5!
i54;m5M!V5(0)51%;M!Q$30I!Z0(($M!CDDUPL!
!
R0945(!)01,$4N-!540!)$)@35456014%;!6$&0(-!1/51!%6%1510!J%$($*%;5(!)0945(!)01,$4N-!5-!%)!
/965)!J45%)-!1$!n(054)n!?4$6!&515M!?$4!0_563(0!1$!;(5--%?A!&515!$4!1$!0-1%6510!;$63(0_!
40(51%$)-!J01,00)!%)391!5)&!$91391!#54%5J(0-L!g)0!$?!1/0!6$-1!%63$415)1!?051940-!$?!)0945(!
)01,$4N-!%-!1/0%4!5&531%#%1AL!:/%-!605)-!1/51!-1541%)*!?4$6!5!O45)&$6P!%)%1%5(!-1510!$?!1/0!
)01,$4N!1/0!%)104;$))0;10&!541%?%;%5(!)094$)-!5&531!1/0!)01,$4N!1$!$J15%)!5)!$31%696!,%1/!
40-30;1!1$!-$60!$31%6%I51%$)!?9);1%$)L!'$4!5)!%)14$&9;1%$)!-00!?$4!%)-15);0!+%(%3$!OCDDSPL!
!
.(9-104!5)5(A-%-!5%6-!51!1/0!;4051%$)!$?!/0104$*0)0$9-!*4$93-!$?!/$6$*0)0$9-!%106-!
O;(9-104-PL!:/0!-%6%(54%1A!$?!%106-!*4$930&!%)1$!$)0!;(9-104!5-!,0((!5-!1/0!&%-15);0!J01,00)!
;(9-104-!%-!65_%6%I0&L!V@605)-!;(9-104%)*!%-!5!;(9-104!5)5(A-%-!5(*$4%1/6!1/51!605-940-!1/0!
/0104$*0)0%1A!$?!;(9-104-!JA!605)-!$?!1/0!&%-15);0!J01,00)!;(9-104!;0)104-!5)&!1/0!-%6%(54%1A!
$?!%106-!,%1/%)!5!;(9-104!JA!605)-!$?!1/0!&%-15);0!J01,00)!1/0!%106-!5)&!1/0!;(9-104!;0)104L!
")!%106!%-!5--%*)0&!1$!1/0!;($-0-1!;(9-104L!'$4!5)!%)14$&9;1%$)!-00!?$4!0_563(0!=#04%11!01!5(L!
OCDEEPL!!
!
>51104)!40;$*)%1%$)!&05(-!,%1/!1/0!%&0)1%?%;51%$)!$?!;0415%)!-149;1940-!O351104)-P!%)!1/0!&515!JA!
5)5(AI%)*!-%6%(54%1%0-!$?!$J-04#51%$)-M!$J-04#51%$)!*4$93-M!$4!$J-04#51%$)!-0<90);0-M!?$4!
0_563(0!1$!;(5--%?A!&515L!863$415)1!533(%;51%$)-!%);(9&0!%65*0!5)5(A-%-M!-300;/!5)5(A-%-M!5)&!
304-$)!%&0)1%?%;51%$)L!.(9-104!5)5(A-%-!;5)!J0!40*54&0&!5-!$)0!;(5--!$?!601/$&-!9-0&!%)!
351104)!40;$*)%1%$)L!+05-$)5(!351104)!40;$*)%1%$)!40?04-!1$!?%)&%)*!40;944%)*!-149;1940-!%)!1%60!
-04%0-L!'$4!5)!%)14$&9;1%$)!1$!351104)!40;$*)%1%$)!-00!?$4!%)-15);0!Z%-/$3!OCDDaPL!
!
i0)01%;!5(*$4%1/6-!540!/094%-1%;-!1/51!%6%1510!1/0!34$;0--!$?!)51945(!0#$(91%$)!1$!;40510!9-0?9(!
-$(91%$)-!?$4!$31%6%I51%$)!5)&!-054;/!34$J(06-L!:/0!0#$(91%$)!-1541-!?4$6!5!45)&$6(A!
*0)04510&!3$39(51%$)!$?!-$(91%$)-!1$!1/0!34$J(06!5)&!9-0-!10;/)%<90-!-9;/!5-!%)/04%15);0M!
69151%$)M!-0(0;1%$)M!5)&!;4$--$#04!1$!34$&9;0!5!)0,!*0)0451%$)L!:A3%;5(!533(%;51%$)-!540!
-;/0&9(%)*!34$J(06-M!*0)0!0_340--%$)!34$?%(%)*M!5)&!(%)*9%-1%;!5)5(A-%-L!'$4!5)!%)14$&9;1%$)!
-00!?$4!0_563(0!i$(&J04*!OETUTPL!
!
Donor-based approaches!5)&!statistical matching!/0(3!1$!%&0)1%?A!;$63545J(0!-0;1%$)-!
,%1/!40-30;1!1$!1/0!-560!#54%5J(0!51!5((!5#5%(5J(0!1%60!304%$&-!$4!,%1/!40-30;1!1$!$1/04!
#54%5J(0-!O51!1/0!-560!$4!51!5((!5#5%(5J(0!1%60!304%$&-PL!:/0!?$4604!%-!5(-$!40?0440&!1$!5-!
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! EH!

#54%5J(0@,%-0!%639151%$)M!1/0!(51104!5-!%)104@#54%5J(0!%639151%$)L!8)!#54%5J(0@,%-0!&$)$4!
%639151%$)M!1/0!&$)$4!-0;1%$)!%-!-0(0;10&!J5-0&!$)!1/0!-%6%(54%1A!$?!1/0!145f0;1$4%0-!$?!&$)$4!
5)&!40;%3%0)1L!:/%-!&$)$4!%-!5(-$!;5((0&!j1%60!-04%0-!&$)$4kL!8)!%)104@#54%5J(0!%639151%$)M!
&$)$4!-0(0;1%$)!%-!J5-0&!$)!1/0!-%6%(54%1A!$?!5&&%1%$)5(!;/545;104%-1%;-!$?!&$)$4!5)&!40;%3%0)1L!
:/%-!&$)$4!%-!5(-$!;5((0&!j;4$--@-0;1%$)5(!&$)$4kL!"!;$6J%)51%$)!$?!1%60!-04%0-!5)&!;4$--@
-0;1%$)5(!304-30;1%#0!%-!?05-%J(0!5-!,0((L!+%);0!6$-1!#54%5J(0-!%)!1%60!-04%0-!540!6014%;M!
)0540-1!)0%*/J$4!601/$&-!540!6$-1!;$66$)L!8)!;5-0!$?!)$)@6014%;!#54%5J(0-M!;$(&@G/$1@&0;N!
34$;0&940-!540!?05-%J(0!601/$&$($*%;5(!$31%$)-L!!
 
Multiple imputation!;5)!J0!9-0&!?$4!1/0!;$63(01%$)!$?!1%60!-04%0-!%440-30;1%#0!$?!1/0!
6%--%)*!&515!351104)L!8)!40;0)1!A054-!403$41-!$)!1/0!533(%;51%$)!$?!69(1%3(0!%639151%$)!1$!
351;/A!1%60!-04%0-!&515!J0;560!6$40!?40<90)1L!\$)5N04!5)&!V%)*!OCDDTP!&0-;4%J0!5!69(1%3(0!
%639151%$)!5334$5;/!1/0A!&0#0($30&!-30;%?%;5((A!?$4!;4$--@-0;1%$)5(!1%60!-04%0-!1/51!5(($,-!
?$4!-6$$1/!1%60!140)&-M!-/%?1-!5;4$--!-0;1%$)-M!5)&!-351%$@1063$45(!;$440(51%$)-L!Q5)&496!5)&!
Z0;N04!OCDDEP!34$3$-0!5!69(1%3(0!%639151%$)!5334$5;/!1/51!3$$(-!%)?$4651%$)!5;4$--!
*0$*453/%;!9)%1-!O-0;1%$)-P!5-!,0((!5-!5;4$--!&%??040)1!-151%-1%;5(!6$&0(-L!\0M!l9;0(M!5)&!
d5*/9)51/5)!OCDEEP!340-0)1!5!69(1%3(0!%639151%$)!5334$5;/!?$4!1%60!-04%0-!1/51!65N0-!9-0!$?!
)$)@35456014%;!;94#0!?%11%)*L!>5(604!OCDDHP!$4!.5)$!5)&!")&409!OCDEDP!540!?941/04!0_563(0-!
?$4!1/0!533(%;51%$)!$?!69(1%3(0!%639151%$)!1$!1%60!-04%0-!&515L!
 
Hybrid procedures!540!1/0!;$66$)!345;1%;0!,/0)!%6391%)*!1%60!-04%0-!&515L!:/0!
9)&04(A%)*!601/$&-!$?!/AJ4%&!34$;0&940-!)00&!1$!J0!;540?9((A!-0(0;10&!5)&!;$6J%)0&M!15N%)*!
%)1$!5;;$9)1!1/0!533(%;5J%(%1A!$?!1/0!601/$&-!1$!1/0!6%--%)*!&515!351104)!51!/5)&L!!
 

V .   E V A L U A T I O N W I T H ST A T IST I C A L Q U A L I T Y M E ASUR ES 

:/$4$9*/!6$)%1$4%)*!5)&!0#5(951%$)!$?!1/0!%639151%$)!34$;0--!%-!$?!/%*/!%63$415);0!5)&!
#%15((A!;$)14%J910-!1$!1/0!<95(%1A!$?!1/0!40-9(1%)*!&515L!8639151%$)!<95(%1A!%)&%;51$4-!1A3%;5((A!
605-940!
!
EL!!!!! 1/0!0_10)1!1$!,/%;/!%639151%$)!,5-!40<9%40&!%)!5!&515-01M!!

CL!!!!! 1/0!304?$465);0!$?!1/0!533(%0&!601/$&M!!

SL!!!!! 1/0!5;;945;A!$?!1/0!%639151%$)!40-9(1-M!!

`L!!!!! 1/0!#54%5J%(%1A!$?!-151%-1%;-!J5-0&!$)!1/0!%63910&!&515-01M!5)&!

HL!!!!! 1/0!3(59-%J%(%1A!$?!%63910&!#5(90-L!!

:/0-0!<95(%1A!%)&%;51$4-!-/$9(&!J0!403$410&!%)!39J(%;51%$)-!$?!-151%-1%;5(!5)5(A-0-!1/51!540!
J5-0&!$)!%63910&!&515!5)&!540!5(-$!40(0#5)1!,/0)!&%--06%)51%)*!%63910&!&515!1/06-0(#0-L!
g#045((!%)&%;51$4-!?$4!1/0!%63910&!&515-01M!#54%5J(0@-30;%?%;!%)&%;51$4-M!5)&!%)&%;51$4-!?$4!

©International Monetary Fund. Not for Redistribution



! Ea!

05;/!%63910&!#5(90!540!&%-;04)0&L!'$4!1%60!-04%0-M!-0;1%$)@!5)&!304%$&@-30;%?%;!%)&%;51$4-!;5)!
J0!&0?%)0&!5-!,0((L!!
!
8)!$4&04!1$!<95)1%?A!1/0!3(59-%J%(%1A!$?!%63910&!#5(90-M!0&%1%)*!34$;0&940-!O'0((0*%M!\$(1M!
ETbah!&0!255(M!>5))0N$0NM!+;/$(19-M!CDEEP!65A!J0!533(%0&!1$!1/0!;$63(010&!&515-01!O%L0L!
5?104!%639151%$)PL!=&%1%)*!5%6-!51!1/0!%&0)1%?%;51%$)!$?!%63(59-%J(0!$4!%)?05-%J(0!#5(90-M!
9-95((A!34%$4!1$!%639151%$)!5)&!5)A!$1/04!1A30!$?!O-151%-1%;5(P!34$;0--%)*L!F9(1%3(0!4$9)&-!$?!
%639151%$)!5)&!3(59-%J%(%1A!;/0;N-!65A!J0!40<9%40&L!"!3(59-%J%(%1A!;/0;N%)*!60;/5)%-6!65A!
5(-$!J0!%)10*4510&!%)!1/0!%639151%$)!34$;0--!%)!$4&04!1$!5#$%&!1/0!%639151%$)!$?!%63(59-%J(0!
#5(90-L!8)!1/51!;5-0M!3(59-%J%(%1A!$?!%63910&!#5(90-!&$0-!)$1!)00&!1$!J0!0#5(9510&!0_!3$-1L!'$4!
6$-1!$?!1/0!<95(%1A!%)&%;51$4-M!)$!*0)045((A!#5(%&!1/40-/$(&-!&%-;04)%)*!/%*/@!5)&!($,@<95(%1A!
%639151%$)!540!5#5%(5J(0L!"!;$635451%#0!9-5*0!%-!40;$660)&0&!1$!0)5J(0!&0;%-%$)-!J01,00)!
&%??040)1!5334$5;/0-!$4!&%??040)1!6$&0(-M!354560104%I51%$)-M!$4!-;0)54%$-!,%1/%)!$)0!
5334$5;/L!:$!1/%-!0)&M!1/0!40(51%#0!5&#5)15*0!$?!$)0!%639151%$)!34$;0&940!O$4!1/0!;$63(010&!
&515-01P!$#04!5)$1/04!34$;0&940!O$4!&515-01P!,%1/!40-30;1!1$!3541%;9(54!<95(%1A!%)&%;51$4-!%-!
;5(;9(510&L!"!-%63(0!0_563(0!$?!1/%-!,$9(&!J0!5)!0#5(951%$)!$?!1/0!-151%-1%;5(!-%*)%?%;5);0!$?!
1/0!&%??040);0!J01,00)!304?$465);0!%)&%;51$4-!?$4!;$63540&!601/$&-!,/%;/!65A!J0!10-10&!
JA!605)-!$?!5!4030510&!605-940-!5)5(A-%-!$?!O;$@P!#54%5);0!,%1/!1/0!%639151%$)!34$;0&940!5-!
5!?5;1$4L!8)!;5-0!$?!5!-%*)%?%;5)1!$#045((!&%??040);0M!35%4,%-0!;$6354%-$)-!$?!1/0!<95(%1A!
605-940-!?$4!1/0!%639151%$)!34$;0&940-!;5)!J0!;544%0&!$91!#%5!1@10-1-!O+19&0)1M!ETDUP!1$!;40510!
5!<95(%1A!45)N%)*!$?!1/0!%639151%$)!34$;0&940-L!!
!
:/0!&%-;9--0&!%639151%$)!<95(%1A!;4%104%5!540!5(-$!533(%;5J(0!1$!%639151%$)!%)!1%60!-04%0-L!
"&53151%$)-!$4!5!&%??040)1!%)104340151%$)!$?!1/0!605-940-!J5-0&!$)!1%60!-04%0-!-30;%?%;!&515!
-149;1940-!540!40<9%40&!%)!65)A!;5-0-M!1/$9*/M!5-!&0-;4%J0&!%)!1/0!?$(($,%)*!-9J-0;1%$)-L!8)!
5&&%1%$)M!1/0!-6$$1/)0--!$?!5)!%63910&!#54%5J(0!O304!-0;1%$)P!$#04!1%60!65A!J0!5)5(AI0&!1$!
%&0)1%?A!%63(59-%J(0!305N-!%)14$&9;0&!1$!1/0!145f0;1$4A!JA!%639151%$)M!0-30;%5((A!%?!%639151%$)!
,5-!;544%0&!$91!5;4$--!-0;1%$)-!$4!5;4$--!#54%5J(0-!%)-105&!$?!$#04!1%60L!:/%-!;5)!J0!&$)0!JA!
9-%)*!;$)?%&0);0!J5)&-!$?!6$#%)*!5#045*0-!$4!N04)0(!0-1%6510-L!!

 
A .   Degree of missingness  

F05-940-!$?!1/0!&0*400!$?!6%--%)*)0--!%)!5!&515-01!%)&%;510!1/0!<95(%1A!$?!1/0!&515-01!%)!1046-!
$?!;$63(010)0--!34%$4!1$!1/0!%639151%$)!34$;0--L!.$6354%)*!1/0-0!605-940-!34%$4!1$!5)&!5?104!
%639151%$)!<95)1%?%0-!1/0!40&9;1%$)!$?!1/0!&0*400!$?!6%--%)*)0--!1/51!,5-!5;/%0#0&!5)&!;5)!
J0!;$63540&!5;4$--!&%??040)1!34$;0&940-L!F$40$#04M!-0#045(!0_304%60)15(!-19&%0-M!0L*L!V5%-04!
OETUaPM!-/$,!1/0!%635;1!$?!1/0!&0*400!$?!6%--%)*)0--!$)!$1/04!%639151%$)!<95(%1A!605-940-L!
")!%);405-0!%)!6%--%)*!#5(90-!304!$J-04#51%$)M!%)!1/0!34$3$41%$)!$?!%);$63(010!$J-04#51%$)-!
%)!1/0!&515-01M!$4!%)!J$1/!-0#040(A!5??0;1-!O%P!1/0!<95(%1A!$?!6%--%)*!#5(90!0-1%6510-M!O%%P!1/0!
65*)%19&0!$?!1/0!&%-;4035);A!%)!605)-M!5)&!O%%%P!1/0!340-04#51%$)!$?!1/0!;$#54%5);0!-149;1940L!
")!%);405-0!%)!-563(0!-%I0!;5)!40&9;0!1/0-0!5&#04-0!0??0;1-L!
!

©International Monetary Fund. Not for Redistribution



! Eb!

8)&%;51$4-!605-94%)*!1/0!&0*400!$?!6%--%)*)0--!540!65%)(A!451%$-!$?!6%--%)*!#5(90-M!
#54%5J(0-M!$J-04#51%$)-M!-0;1%$)-M!$4!1%60!304%$&-!,%1/!40-30;1!1$!;$440-3$)&%)*!1$15(-L!
=_563(0-!540!
!
aL!!!!! 1/0!)96J04!$?!$J-04#51%$)-!,%1/!$)0!$4!69(1%3(0!6%--%)*!#5(90-!5-!5!451%$!$?!1/0!1$15(!

)96J04!$?!$J-04#51%$)-L!'$4!;4$--@-0;1%$)5(!1%60!-04%0-M!%)-105&!$?!$J-04#51%$)-!
-0;1%$)-!,%1/!6%--%)*!#5(90-!540!;$9)10&L!

bL!!!!! 1/0!?40<90);A!&%-14%J91%$)!$?!1/0!)96J04!$?!#54%5J(0-!1$!J0!%63910&!304!$J-04#51%$)!
O-0;1%$)P!5)&!5334$34%510!&%-14%J91%$)!605-940-!O0L*L!6%)M!65_M!60&%5)PL!

UL!!!!! 1/0!?40<90);A!&%-14%J91%$)!$?!1/0!)96J04!$?!304%$&-!1$!J0!%63910&!304!#54%5J(0!O5)&G$4!
-0;1%$)P!5)&!5334$34%510!&%-14%J91%$)!605-940-L!:/%-!605-940!$)(A!533(%0-!1$!1%60!
-04%0-L!!

TL!!!!! 1/0!34$3$41%$)!$?!$J-04#51%$)-!O$4!-0;1%$)-!$4!304%$&-P!6%--%)*!?$4!-30;%?%;!#54%5J(0-!
O$4!-0;1%$)-!$4!304%$&-PL!

EDL!!!!! 1/0!1$15(!)96J04!$?!6%--%)*!#5(90-!5-!5!451%$!$?!1/0!1$15(!)96J04!$?!;0((-!O%L0L!6%--%)*!
$4!)$)@6%--%)*!&515!3$%)1-P!$?!1/0!&515-01L!

'$4!;4$--@-0;1%$)5(!1%60!-04%0-M!,0%*/10&!6%--%)*)0--!4510-!;5)!J0!$?!%)1040-1L!.$)-%&04!1/0!
;5-0!$?!-0;1%$)-!J0%)*!;$9)14%0-L!:/0)M!05;/!-0;1%$)!/5-!5!,0%*/1M!?$4!0_563(0!%)!1046-!$?!
3$39(51%$)!-%I0M!iW>M!$4!394;/5-%)*!3$,04!354%1AL!:/0-0!,0%*/1-!;5)!J0!9-0&!1$!;5(;9(510!
,0%*/10&!34$3$41%$)-!$?!6%--%)*!&515!,/%;/!%);405-0-!1/0!;$63545J%(%1A!$?!6%--%)*)0--!4510-!
5;4$--!;$9)14%0-L!:/0!;4$--@;$9)14A!;$63545J%(%1A!%-!40(0#5)1!%)!&515!<95(%1A!403$41-!?$4!;4$--@
;$9)14A!&515-01-L!8)!5&&%1%$)M!;$)1%)*0);A!$4!;$440(51%$)!6514%;0-!$?!1/0!6%--%)*)0--!351104)-!
$?!#54%5J(0-!O$4!$J-04#51%$)-M!-0;1%$)-M!304%$&-P!65A!J0!9-0&!1$!5--0--!1/0!%)104&030)&0);A!
J01,00)!1/0!40-30;1%#0!6%--%)*)0--!351104)-L!:/%-!605)-!1/51M!%)-105&!$?!1/0!#54%5J(0-!
1/06-0(#0-M!1/0%4!6%--%)*)0--!351104)-!540!-151%-1%;5((A!5)5(AI0&!1$!%&0)1%?A!40(51%$)-!J01,00)!
#54%5J(0-!O$4!-0;1%$)-!$4!304%$&-P!,%1/!40-30;1!1$!6%--%)*)0--!351104)-L!!

 
B .   Performance of imputation method 

"3541!?4$6!1/0!40&9;1%$)!$?!1/0!&0*400!$?!6%--%)*)0--!5-!&%-;9--0&!5J$#0M!304?$465);0!
;4%104%5!?$4!%639151%$)!601/$&-!540!1A3%;5((A!601/$&@-30;%?%;L!'$4!-$60!%639151%$)!
5334$5;/0-M!)$!601/$&@-30;%?%;!304?$465);0!0#5(951%$)!%-!3$--%J(0M!0L*L!?$4!&01046%)%-1%;M!
($;51%$)@M!$4!&%-14%J91%$)@J5-0&!%639151%$)L!!
!
Overall method-specific!304?$465);0!%)&%;51$4-!?$4!model-based methods!540!-15)&54&!
<95(%1A!;4%104%5!$?!1/0!40*40--%$)!6$&0(-!%)#$(#0&M!-9;/!5-!1/0!;$0??%;%0)1!$?!&01046%)51%$)!
OdoPM!#54%$9-!%)?$4651%$)!;4%104%5!O0L*L!"N5%N0!$4!Z5A0-h!0L*L!Z94)/56M!")&04-$)M!CDDCPM!$4!
1/0!3@#5(90-!$?!1/0!40*40--%$)!;$0??%;%0)1-L!8)!;5-0!$?!-0354510!6$&0(-!?$4!&%??040)1!
#54%5J(0-G-0;1%$)-!,%1/!6%--%)*!#5(90-M!1/0-0!<95(%1A!%)&%;51$4-!540!#54%5J(0@G-0;1%$)@-30;%?%;!
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! EU!

J91!;5)!J0!;$6J%)0&!1$!$#045((!304?$465);0!605-940-!JA!-$60!5**40*51%$)!?9);1%$)L!:/%-!
5**40*51%$)!65A!J0!&$)0!JA!-%63(0!O,0%*/10&P!5#045*%)*!$4!JA!6$40!-$3/%-1%;510&!601/$&-!
$?!&04%#%)*!;$63$-%10!%)&%;51$4-!?4$6!%)&%#%&95(!%)&%;51$4-!O-00!?$4!0_563(0!1/0!g=.W[-!
/5)&J$$N!$)!;$63$-%10!%)&%;51$4-!OCDDUPPL!\$,0#04M!;$63545J%(%1A!$?!-9;/!;$63$-%10!
304?$465);0!%)&%;51$4-!%-!(%6%10&!1$!#04A!-30;%?%;!-%1951%$)-M!<90-1%$)%)*!%1-!#5(90!5&&0&L!")!
0_563(0!?$4!-9;/!5!-%1951%$)!%-!1/0!533(%;51%$)!$?!$)0!5)&!1/0!-560!%639151%$)!601/$&!1$!
&%??040)1!#%)15*0-!$?!5!&515-01!$#04!1%60L!'$4!/AJ4%&!5334$5;/0-M!n$)0!5)&!1/0!-560n!605)-!
1/51!5((!%)&%#%&95(!601/$&-!9-0&!%)!1/51!5334$5;/!69-1!-15A!1/0!-560L!!
!
'$4!donor-based methods 5)& equivalence class matchingM!&%-14%J91%$)!354560104-!$?!1/0!
9-5*0!?40<90);A!$?!%)&%#%&95(!&$)$4-!$4!1/0!#5(90-!$?!1/0!&%-15);0!?9);1%$)!J01,00)!&$)$4!
5)&!40;%3%0)1!O%?!533(%;5J(0P!540!;$63910&L!:/0!(0--!$?10)!&$)$4-!540!409-0&!5)&!1/0!;($-04!
40;%3%0)1-!5)&!1/0%4!&$)$4-!540M!1/0!/%*/04!%-!1/0!<95(%1A!$?!1/0!%639151%$)L!:A3%;5((AM!60&%5)!
5)&!65_%696!540!9-0&!5-!5**40*51%$)!?9);1%$)-L!:/0!;5(;9(51%$)!$?!1/0-0!605-940-!%-!
?05-%J(0!51!1/0!$#045((!&515-01!(0#0(!5-!,0((!5-!51!1/0!#54%5J(0M!-0;1%$)M!$4!304%$&!(0#0(L!!
!
'$4!regression-based 5)&!propensity score statistical matchingM!40(0#5)1!304?$465);0!
%)&%;51$4-!540!-15)&54&!40*40--%$)!<95(%1A!605-940-!O5-!9-0&!?$4!6$&0(@J5-0&!601/$&-P!5-!
,0((!5-!1/0!&%-15);0!J01,00)!&$)$4!5)&!40;%3%0)1!,%1/!40-30;1!1$!1/0!0-1%6510&!651;/%)*!
#54%5J(0-L!"-!?$4!&$)$4@J5-0&!601/$&-M!9-95((A!($;51%$)!5)&!#54%5J%(%1A!605-940-!$?!1/0!
&%-15);0!540!9-0&L!
!
8)!multiple imputationM!304?$465);0!%)&%;51$4-!$?!1/0!6$&0(!0-1%6510&!?$4!1/0!3$-104%$4!
&%-14%J91%$)!?4$6!,/%;/!1/0!%639151%$)!#5(90-!540!&45,)!540!$?!40(0#5);0L!"*5%)M!-15)&54&!
<95(%1A!605-940-!?$4!40*40--%$)!6$&0(-!-9;/!5-!do!$4!%)?$4651%$)!;4%104%5!;5)!J0!9-0&L!8)!
5&&%1%$)M!605-940-!$?!1/0!#54%5J%(%1A!$?!1/0!69(1%3(0!%63910&!#5(90-!540!;$)-%&040&!5-!
%639151%$)!304?$465);0!605-940-L!
!
"1!1/0!(0#0(!$?!1/0!individual imputed valuesM!5)!%639151%$)!<95(%1A!403$41!-/$9(&!
0);$635--!1/0!-15)&54&!044$4!$4!;$)?%&0);0!%)104#5(!?$4!1/0!0-1%6510&!Oe%63910&P!#5(90!%)!
;5-0!$?!6$&0(@J5-0&!%639151%$)M!69(1%3(0!%639151%$)M!$4!40*40--%$)@J5-0&!-151%-1%;5(!
651;/%)*M!5)&!5!40?040);0!1$!1/0!&$)$4!9-0&!%)!;5-0!$?!&$)$4@J5-0&!601/$&-L!8?!&%-15);0@
J5-0&!/$1@G;$(&@&0;N!%639151%$)M!5!)0540-1@)0%*/J$4!5334$5;/M!$4!0<9%#5(0);0!;(5--!-151%-1%;5(!
651;/%)*!%-!9-0&M!1/0!<95(%1A!403$41!-/$9(&!5&&%1%$)5((A!34$#%&0!1/0!#5(90!$?!1/0!&%-15);0!
?9);1%$)!J01,00)!&$)$4!5)&!40;%3%0)1!5)&!1/0!)96J04!$?!1%60-!1/0!-560!&$)$4!,5-!9-0&!%)!
1/0!,/$(0!&515-01L!!
!
'$4!hybrid approachesM!304?$465);0!605-940-!$?!1/0!;$63$)0)1!601/$&-!-/$9(&!J0!
34$#%&0&L!:/0!%&05!$?!5**40*51%)*!1/0-0!;$63$)0)1!304?$465);0!605-940-!1$!$)0!j/AJ4%&k!
304?$465);0!%)&%;51$4!-006-!53305(%)*h!A01!1/0!40-9(1-!540!9-95((A!/54&!1$!%)1043401L!
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! ET!

C .   Accuracy of imputation results 

.$66$)(AM!1/0!?$(($,%)*!?$94!1A30-!$?!%639151%$)!5;;945;A!540!&%-;04)0&!O./56J04-M!CDDDP7!
!
EEL!!!!! 340&%;1%#0!5;;945;A!$4!0??0;1%#0)0--7!65_%65(!340-04#51%$)!$?!1490!#5(90-M!

ECL!!!!! 45)N%)*!5;;945;A7!65_%65(!340-04#51%$)!$?!1490!$4&04%)*!40(51%$)-/%3!%)!%63910&!
#5(90-M!

ESL!!!!! &%-14%J91%$)5(!5;;945;A7!65_%65(!340-04#51%$)!$?!O654*%)5(!5)&!/%*/04!$4&04P!
&%-14%J91%$)-!$?!1490!#5(90-M!5)&!

E`L!!!!! 0-1%651%$)!5;;945;A7!65_%65(!340-04#51%$)!$?!5)5(A1%;!40-9(1-!5)&!;$);(9-%$)-L!

:/%-!1A3$($*A!;$)-1%1910-!5!/%0454;/A7!?9(?%((60)1!$?!340&%;1%#0!5;;945;AM!,/%;/!%-!1/0!
-14$)*0-1!1A30!$?!5;;945;AM!%63(%0-!1/0!$1/04!1/400!1A30-!$?!5;;945;AL!:/0!40(0#5);0!$?!
340&%;1%#0!5)&!45)N%)*!5;;945;A!&030)&-!$)!1/0!%)10)&0&!9-5*0!$?!1/0!;$63(010&!&515-01L!8?!
1/0!&515-01!%-!1$!J0!39J(%;(A!40(05-0&!$4!9-0&!?$4!1/0!&0#0($360)1!$?!340&%;1%$)!6$&0(-M!1/0-0!
1,$!;4%104%5!540!;49;%5(L!8?!1/0!$Jf0;1%#0!%-!1$!34$&9;0!5)&!39J(%-/!5**40*510&!0-1%6510-M!1/0A!
540!(0--!%63$415)1L!d9J%)!O0L*L!ETTaP!0#0)!;(5%6-!1/51!1/0!5%6!$?!O69(1%3(0P!%639151%$)!-/$9(&!
451/04!J0!-151%-1%;5((A!#5(%&!%)?040);0!J5-0&!$)!1/0!;$63(010&!&515-01!O%L0L!0-1%651%$)!
5;;945;AP!1/5)!1/0!40;4051%$)!$?!1490!#5(90-!JA!$31%65(!3$%)1!340&%;1%$)!O%L0L!340&%;1%#0!
5;;945;APL!\$,0#04M!%1!%-!)$1!?05-%J(0!1$!%&0)1%?A!5((!3$--%J(0!5)5(A-0-!1/51!;$9(&!J0!;544%0&!
$91!?$4!1/0!;$63(010&!&515-01L!:/040?$40M!5!6$&%?%0&!&0?%)%1%$)!$?!0-1%651%$)!5;;945;A!%-!
9-95((A!;$)-%&040&!605-94%)*!6040(A!1/0!4034$&9;1%$)!$?!($,04!$4&04!6$60)1-!O51!(05-1!605)!
5)&!#54%5);0P!$?!1/0!&%-14%J91%$)-!$?!1490!#5(90-L!";;$4&%)*!1$!1/%-!&0?%)%1%$)M!&%-14%J91%$)5(!
5)&!0-1%651%$)!5;;945;A!540!0<9%#5(0)1!?$4!)$6%)5(!5)&!$4&%)5(!#54%5J(0-L!
!
+%);0!1/0!1490!#5(90-!$?!1/0!6%--%)*!&515!540!9)N)$,)M!1/0!%63910&!#5(90-!;5))$1!J0!
;$63540&!1$!1/0%4!1490!;$9)1043541-L!\0);0M!5;;945;A!%)&%;51$4-!540!0-1%6510&!JA!14051%)*!
5#5%(5J(0!#5(90-!5-!6%--%)*M!%6391%)*!1/0-0!?%;1%1%$9-(A!6%--%)*!#5(90-M!5)&!;$6354%)*!1/0!
%63910&!#5(90-!1$!1/0!%*)$40&!1490!#5(90-L!:/%-!10;/)%<90!$?!(05#%)*!$91!$J-04#51%$)-!%)!5)!
0-1%651%$)!34$;0&940!1$!#5(%&510!0-1%651%$)!40-9(1-!%-!N)$,)!5-!;4$--@#5(%&51%$)L!d030510&!
45)&$6!-9J@-563(%)*!#5(%&51%$)M!k@?$(&!;4$--@#5(%&51%$)M!5)&!(05#%)*@$)0@$91!;4$--@
#5(%&51%$)!540!1/0!6$-1!;$66$)!1A30-!$?!;4$--@#5(%&51%$)L!'$4!1/0!#5(%&51%$)!$?!%639151%$)!
40-9(1-!1/0!(05#%)*@$)0@$91!5334$5;/!%-!1A3%;5((A!9-0&L!g)0!#5(90!%-!-01!1$!6%--%)*!51!5!1%60M!
5)&M!1/0$401%;5((AM!1/0!34$;0&940!%-!4030510&!?$4!05;/!#5(90L!8)!345;1%;0M!1/0!40301%1%$)!%-!$)(A!
;544%0&!$91!$#04!5!-563(0!$?!1/0!5#5%(5J(0!#5(90-L!.4$--@#5(%&51%$)!%-!9-95((A!-0354510(A!
;$)&9;10&!?$4!05;/!#54%5J(0!,%1/!6%--%)*!#5(90-L!g#045((!605-940-!;5)!J0!&04%#0&!?4$6!1/0-0!
#54%5J(0@-30;%?%;!5;;945;A!605-940-!JA!5**40*51%$)L!"((!5;;945;A!605-940-!&030)&!$)!1/0!
#54%5J(0!1A30L!
!
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! CD!

'$4 nominal variablesM!5!605-940!$?!/$,!;($-0(A!1/0!%63910&!#5(90-!0-1%6510!1/0!1490!#5(90-!
%-!1/0!34$3$41%$)!$?!$??@&%5*$)5(!0)14%0-!?$4!1/0!-<9540!15J(0!$J15%)0&!JA!;4$--@;(5--%?A%)*!
%63910&!5)&!1490!#5(90-L!8?!1/0!%639151%$)!601/$&!340-04#0-!%)&%#%&95(!#5(90-M!1/%-!%)&%;51$4!
%-!0<95(!$4!;($-0!1$!I04$L!8)!;5-0!$?!&%;/$1$6$9-!#54%5J(0-M!5!40(510&!605-940!%-!;5(;9(510&!5-!
5405!9)&04!1/0!40;0%#04@$30451%)*!;/545;104%-1%;!Odg.P!;94#0!O'5,;011M!CDDaPL!:/%-!;94#0!
3($1-!sensitivity!#-L!1 - specificityL!Sensitivity!%-!1/0!34$3$41%$)!$?!;$440;1(A!%63910&!jEk-!O5(-$!
;5((0&!1490!3$-%1%#0!4510PL!1 - specificity!%-!1/0!34$3$41%$)!$?!;$440;1(A!%63910&!jDk-!O5(-$!
;5((0&!1490!)0*51%#0!4510PL!:/0!;($-04!1/0!#5(90!$?!1/0!5405!9)&04!1/0!dg.!;94#0!%-!1$!EM!1/0!
6$40!5;;94510!540!1/0!%63910&!#5(90-L!R$6%)5(!#54%5J(0-!,%1/!p ! 2!;510*$4%0-!;5)!J0!
145)-?$460&!1$!5!-01!$?!p - 1!&%;/$1$6$9-!#54%5J(0-L!+0)-%1%#%1AM!-30;%?%;%1AM!5)&!5405!9)&04!
1/0!dg.!;94#0!;5)!J0!;5(;9(510&!-0354510(A!?$4!05;/!$?!1/0-0!&966A!#54%5J(0-!5)&!1/0)!
5**40*510&!1$!5!605-940!?$4!1/0!$4%*%)5(!#54%5J(0L!:/0!0_10)1!1$!,/%;/!5)!%639151%$)!
34$;0&940!340-04#0-!1/0!654*%)5(!&%-14%J91%$)!$?!5!)$6%)5(!#54%5J(0!;5)!J0!5--0--0&!JA!
;5(;9(51%)*!1/0!#5(90!$?!5!25(&@1A30!10-1!-151%-1%;!1/51!;$63540-!%63910&!5)&!1490!
&%-14%J91%$)-!$?!1/0!#54%5J(0!5;4$--!%1-!;510*$4%0-!O?$4!&015%(-!-00!./56J04-M!CDDDPL!!
!
'$4 ordinal variablesM!%639151%$)!-/$9(&!-51%-?A!45)N%)*!5;;945;A!%)!5&&%1%$)!1$!340&%;1%#0!
5)&!&%-14%J91%$)5(!5;;945;AL!W%-14%J91%$)5(!5;;945;A!;5)!J0!605-940&!%)!1/0!-560!,5A!5-!?$4!
)$6%)5(!#54%5J(0-L!>40&%;1%#0!5)&!45)N%)*!5;;945;A!;5)!J0!605-940&!-%69(15)0$9-(AL!:$!1/%-!
0)&M!1/0!65*)%19&0!$?!%639151%$)!044$4-!%-!15N0)!%)1$!5;;$9)1!JA!605)-!$?!1/0!$4&%)5(!
&%-15);0!J01,00)!%63910&!5)&!1490!#5(90-!%)!1/0!5--0--60)1!$?!340&%;1%#0!5;;945;A!O?$4!
&015%(-!-00!./56J04-M!CDDDPL!!
 
'$4 metric variablesM!5!605-940!$?!1/0!;($-0)0--!$?!%63910&!5)&!1490!#5(90-!%-!1/0!,0%*/10&!
Z45#5%-@>054-$)!;$440(51%$)!J01,00)!%63910&!5)&!1490!#5(90-L!'$4!&515!1/51!540!/%*/(A!
-N0,0&!$4!&0#%51%)*!?4$6!)$465(%1A!%)!-$60!$1/04!,5AM!1/%-!605-940!%-!)$1!40;$660)&0&!
&90!1$!%1-!-0)-%1%#%1A!1$!$91(%04-!5)&!%)?(90)1%5(!&515!#5(90-L!8)-105&M!%1!%-!340?045J(0!1$!?$;9-!$)!
0-1%6510-!$?!5!O4$J9-1P!40*40--%$)!6$&0(!,%1/$91!%)104;031!$?!1490!#5(90-!$)!%63910&!#5(90-L!
:/0!340&%;1%#0!5;;945;A!5--0--60)1!;$440-3$)&-!1$!10-1%)*!,/01/04!1/0!0-1%6510&!40*40--%$)!
354560104!%-!0<95(!1$ EL!:/0!;$0??%;%0)1!$?!&01046%)51%$)!$?!1/0!6$&0(!%-!5!40(510&!40*40--%$)@
J5-0&!605-940!?$4!340&%;1%#0!5;;945;AM!,/0405-!1/0!40*40--%$)!605)!-<9540!044$4!;5)!J0!
40*54&0&!5-!5)!%)#04-0!605-940!$?!340&%;1%#0!5;;945;AL :$!5--0--!1/0!340-04#51%$)!$?!1/0!
$4&04%)*!40(51%$)-/%3!?$4!;$)1%)9$9-!#54%5J(0-M!%63910&!5)&!1490!#5(90-!540!403(5;0&!JA!1/0%4!
45)N-!5)&!1/0!605-940-!$?!340&%;1%#0!5;;945;A!540!;5(;9(510&L!"!V$(6$*$4$#@+6%4)$#!10-1!
OF5--0AM!ETHEP!$?!0<95(%1A!$?!34$J5J%(%1A!&%-14%J91%$)-!;$6354%)*!1/0!&%-14%J91%$)-!$?!
%63910&!5)&!1490!#5(90-!0#5(9510-!&%-14%J91%$)5(!5;;945;A!$?!5)!%639151%$)!34$;0&940L!
")$1/04!#5(%&!;/$%;0!?$4!5--0--%)*!&%-14%J91%$)5(!5;;945;A!%-!1/0!2%(;$_$)!45)N@-96!$4!
F5))@2/%1)0A@Y!10-1!O2%(;$_$)M!ET`Hh!F5))M!ET`bPL!")!5334$34%510!10-1!?$4!0-1%651%$)!
5;;945;A!;$);04)%)*!1/0!605)!$?!1/0!1490!&%-14%J91%$)!%-!5!&030)&0)1!1@10-1!?$4!35%40&!-563(0-!
O+19&0)1M!ETDUPL!
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! CE!

D .   Variability of statistics based on the imputed dataset 

8)!1/0!0#5(951%$)!$?!%639151%$)!40-9(1-M!1/0!-151%-1%;5((A!6$-1!40(0#5)1!605-940-!540!J%5-!5)&!
#54%5);0!$?!1/0!0-1%6510-!J5-0&!$)!1/0!;$63(010&!&515L!:/0!;$63(0_%1A!$?!&04%#%)*!;($-0&@
?$46!-$(91%$)-!?$4!#54%5);0!5)&!J%5-!%);405-0-!453%&(A!,%1/!1/0!;$63(0_%1A!$?!1/0!6%--%)*!&515!
351104)-!5)&!1/0!%639151%$)!601/$&L!8)!*0)045(M!1/0!-;$30!$?!1/0$401%;5(!,$4N!$)!1/0!&%40;1!
;5(;9(51%$)!$?!#54%5);0!5)&!J%5-!%-!(%6%10&!1$!451/04!-%63(0!;$)-10((51%$)-!$?!6%--%)*!&515L!
:/%-!65A!J0!$)0!405-$)!?$4!1/0!)0*(0;1!$?!1/0!0??0;1!$?!%639151%$)!$)!1/0!#54%5);0!5)&!J%5-!JA!
65)A!5)5(A-1-L!:/040JAM!#54%5);0-!540!9)&040-1%6510&!5)&!1/0!#5(%&%1A!$?!;$)?%&0);0!
-151060)1-!%-!f0$354&%I0&!O.$_M!'$(-$6M!ETbUPL!:$!40-$(#0!1/%-!%--90M!-%69(51%$)!%-!
40;$660)&0&!?$4!1/0!0#5(951%$)!$?!%639151%$)!40-9(1-!$?!6$40!;$63(0_!%639151%$)!
34$;0&940-L!'$4!1/%-!3943$-0M!d9J%)!OETUbP!5&#$;510-!1/0!4$91%)0!34$&9;1%$)!$?!-0#045(!-01-!
$?!%63910&!#5(90-!9)&04!&%??040)1!6$&0(-!$4!-01-!$?!5--9631%$)-!5-!3541!$?!40*9(54!&515!
34$;0--%)*L!:/%-!(05&-!1$!0-1%6510-!$?!1/0!%639151%$)!044$4!5)&!1/0!0??0;1-!$?!&%??040)1!6$&0(-!
;5)!J0!%)#0-1%*510&!5-!5(405&A!&%-;9--0&!%)!1/0!-0;1%$)!$)!69(1%3(0!%639151%$)!5J$#0L !
!
+/5$!5)&!+%1104!OETTaP!34$3$-0!5!40(510&!601/$&$($*A!?$4!605-94%)*!1/0!%639151%$)!#54%5);0!
O?$4!5)!0_063(54A!533(%;51%$)!;?L!V59?65)M!+;/0940)M!ETTbPL!Z$$1-1453!-563(0-!O-00M!?$4!
%)-15);0M!=?4$)M!ETbTh!=?4$)M!i$)*M!ETUSP!$?!;$63(010!5)&!%);$63(010!$J-04#51%$)-!540!
*0)04510&M!5)&!1/0!%639151%$)!34$;0&940!%-!533(%0&!1$!05;/!J$$1-1453!-563(0L!:/0!&%-14%J91%$)!
$?!J$$1-1453!0-1%6510-!%-!1/0)!9-0&!?$4!%)?040);0L!:/%-!5334$5;/!;5)!5(-$!J0!40*54&0&!5-!5!
N%)&!$?!;4$--@#5(%&51%$)L!2/%(0!69(1%3(0!%639151%$)!-563(0-!1/0!%63910&!#5(90-!?4$6!1/0!
3$-104%$4!&%-14%J91%$)!$?!1/0!%);$63(010!#54%5J(0!O,%1/$91!403(5;060)1PM!1/0!J$$1-1453!
5334$5;/!&45,-!-563(0-!?4$6!1/0!$4%*%)5(!&515-01!O,%1/!403(5;060)1P!5)&!%63910-!1/0!
6%--%)*!#5(90-!?$4!05;/!-563(0L!!
!
!

V I .   C O N C L USI O N  

+1541%)*!?4$6!1/0!)00&!1$!?%((!&515!*53-!%)!;4$--@;$9)14A!1%60!-04%0-!%)!$4&04!1$!5)5(AI0!1/0!
0??0;1-!$?!1/0!40;0)1!?%)5);%5(!;4%-%-M!1/%-!35304!34$#%&0-!#54%$9-!601/$&$($*%;5(!;/$%;0-!?$4!
%639151%$)!$?!6%--%)*!&515L!81!%)#0-1%*510-!&515!-149;1940-!5)&!6%--%)*)0--!351104)-!$?!1%60!
-04%0-!5)&!$??04-!0#5(951%$)!34$;0&940-!J5-0&!$)!-151%-1%;5(!<95(%1A!;4%104%5!?$4!5--0--%)*!
%639151%$)!$91;$60-L!:/0!601/$&$($*%;5(!$#04#%0,!5%6-!51!45%-%)*!5,540)0--!$?!&515!
34$&9;04-!5)&!5)5(A-1-!%)!%)104)51%$)5(!?%)5);%5(!%)-1%191%$)-!40*54&%)*!1/0!;/5((0)*0-!3$-0&!
JA!6%--%)*!&515!5-!,0((!5-!10;/)%<90-!?$4!/5)&(%)*!1/06L!8)!5&&%1%$)!1$!34$6$1%)*!1/0!9-5*0!
$?!-$9)&!%639151%$)!34$;0&940-M!1/0!35304!-140--0-!1/0!%63$415);0!$?!5;;$635)A%)*!5)A!
%639151%$)!34$;0--!,%1/!405-$)5J(0!<95(%1A!%)&%;51$4-L!"!&0-;4%31%$)!$?!1/0!533(%0&!6%--%)*!
&515!10;/)%<90!5)&!<95(%1A!5--0--60)1!40-9(1-!-/$9(&!J0!39J(%-/0&!1$*01/04!,%1/!1/0!&515L!
:/%-!/0(3-!40&9;%)*!56J%*9%1A!$?!%);$63(010!&515!5)&!?5;%(%1510-!&515!5)5(A-%-!5)&!
%)104340151%$)!?$4!5&#%-%)*!3$(%;A!65N04-L!
!
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! CC!

A C K N O W L E D G E M E N TS.!+30;%5(!1/5)N-!*$!1$!$94!;$((05*90-!51!1/0!8F'!+151%-1%;-!
W0354160)1M!%)!3541%;9(54!F%N0!+0%?04(%)*M!5-!,0((!5-!51!1/0!+$;%5(!>4$10;1%$)!X!Q5J$4!Y)%1!$?!
1/0!2$4(&!Z5)N[-!\965)!W0#0($360)1!R01,$4N!?$4!#5(95J(0!?00&J5;N!5)&!&%-;9--%$)-L!!
!
!

V I I .   R E F E R E N C ES 

FL.L!"(0_%5&%-M!>L+L\L+L!+5/-565)$*($9M!8LFL!F5)$9-54%&%-!OETTUP!+/$41@1046!?$40;5-1%)*!
$?!,%)&!-300&!5)&!40(510&!0(0;14%;5(!3$,04L!+$(L!=)04*A!aS!OEPM!aEpaUL!
!
.L!Z%-/$3!OCDDaP!>51104)!d0;$*)%1%$)!5)&!F5;/%)0!Q054)%)*L!+34%)*04M!Z04(%)L!
!
VL>L!Z94)/56M!WLdL!")&04-$)!OCDDCP!F$&0(!-0(0;1%$)!5)&!69(1%6$&0(!%)?040);07!5!345;1%;5(!
%)?$4651%$)@1/0$401%;!5334$5;/L!+34%)*04M!R0,!l$4NL!
!
=LFL!Z94)-!OETTDP!F9(1%3(0!5)&!403(%;510!%106!%639151%$)!%)!5!;$63(0_!-563(0!-94#0AL!
>4$;00&%)*-!$?!1/0!Z94059!$?!1/0!.0)-9-!"))95(!d0-054;/!.$)?040);0!ETTDL!!
!
+L!.5)$M!KL!")&409!OCDEDP!Y-%)*!69(1%3(0!%639151%$)!1$!-%69(510!1%60!-04%0-L!>4$;00&%)*-!$?!
1/0!T1/!2+="+!8)104)51%$)5(!.$)?040);0!$)!"33(%0&!.$639104!5)&!"33(%0&!.$639151%$)5(!
+;%0);0!O".".g+[EDPM!EEbpECCL!
!
KLdL!.5430)104M!FLiL!V0),54&M!8LdL!2/%10!OCDDbP!+0)-%1%#%1A!5)5(A-%-!5?104!69(1%3(0!
%639151%$)!9)&04!6%--%)*!51!45)&$67!5!,0%*/1%)*!5334$5;/L!+151%-1%;5(!F01/$&-!%)!F0&%;5(!
d0-054;/!EaOSPM!CHT@CbHL!
!
iL!.5-0((5M!=L8L!i0$4*0!OETTCP!=_3(5%)%)*!1/0!i%JJ-!+563(04L!:/0!"604%;5)!+151%-1%;%5)!`a!
OSPM!Eab@Eb`L!!
!
dL!./56J04-!OCDDDP!=#5(951%$)!;4%104%5!?$4!-151%-1%;5(!0&%1%)*!5)!%639151%$)L!R51%$)5(!
+151%-1%;-!F01/$&$($*%;5(!+04%0-!R$L!CUL!gR+M!YVL!
!
+L!./%0,;/5),5115)5M!.L!Q94-%)-53M!.L@\L\L!./9!OCDDbP!86391%)*!%);$63(010!1%60@-04%0-!
&515!J5-0&!$)!#54%0&@,%)&$,!-%6%(54%1A!605-940!$?!&515!-0<90);0-L!>51104)!d0;$*)%1%$)!
Q01104-!CU!OTPM!EDTE@EEDSL!
!
2LiL!.$;/45)!OETbbP!+563(%)*!:0;/)%<90-L!2%(0AM!R0,!l$4NL!
!
FLKL!.$((0&*0M!KL\L!K$/)-$)M!dL!>54qM!8LiL!+5)&0!OETbUP!Q54*0!-;5(0!%639151%$)!$?!-94#0A!
&515L!"+"!>4$;L!$?!1/0!+0;1%$)!$)!+94#0A!d0-054;/!F01/$&-M!`SE@`SaL!
!
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! CS!

ZLiL!.$_M!dL=L!'$(-$6!OETbUP!")!063%4%;5(!%)#0-1%*51%$)!$?!5(104)510!%106!)$)40-3$)-0!
5&f9-160)1-L!"+"!>4$;L!$?!1/0!+0;1%$)!$)!+94#0A!d0-054;/!F01/$&-M!CET@CCSL!
!
"L>L!W063-104M!RLFL!Q5%4&M!WLZL!d9J%)!OETbbP!F5_%696!Q%N0(%/$$&!?4$6!8);$63(010!W515!
#%5!1/0!=F!"(*$4%1/6L!K$94)5(!$?!1/0!d$A5(!+151%-1%;5(!+$;%01AM!+04%0-!Z!ST!OEPM!EpSUL!
!
FL!W0)N!OCDDUP!"!'4560,$4N!?$4!+151%-1%;5(!=)1%1A!8&0)1%?%;51%$)!1$!=)/5);0!W515!r95(%1AL!
.=R=s!2$4N-/$3!$)!+151%-1%;5(!F01/$&$($*AM!"405!8)10*451%$)!$?!+94#0A-!5)&!
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