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�| Mi i4T�h�U@**) Uhi_�M*i� ì |��t _i�L|i @ UL?t�_ih@M*i TLh|�L? Lu |�i T@Tih |L i T*@�?�?}
@?_ _iui?_�?} |�i 4L_i*<t UL?t|h�U|�L?� A�i _i}hii |L ���U� ti@tL?@*t @hi uLhiU@t|@M*i �t
T@h|�U�*@h*) �4TLh|@?| |L |�i L�|UL4i Lu L�h @?@*)t�t Etii �*Lttih E�b.b�� @?_ �t @*tL ��}�*)
UL?|hL�iht�@* Etiic i�}�c 6h@?titc OLi!c @?_ �@@T E�bb.�c O)**iMih}c aLh}i?ti?c @?_ 5Lhi?ti?

4Wr lqvxuh urexvwqhvv/ zh uhshdw rxu dqdo|vlv zlwk wkh KS �owhu uhsodfhg e| wkh �uvw0gl�huhqfh
�owhu1 Rxu edvlf frqfoxvlrqv duh qrw vxevwdqwlyho| d�hfwhg e| wklv fkdqjh1

�



E�bb���� �t @ hit�*|c �i T@) T@h|�U�*@h @||i?|�L? |L |��t �tt�i�
A�i T*@? Lu |�i T@Tih �t @t uL**L�t� A�i �ht| tiU|�L? Mi*L� Thiti?|t @ �ih) t�4T*i i @4T*i

|L �**�t|h@|i @ ti| Lu hit|h�U|�L?t L? @ 4L_i* @?_ _@|@ |�@| h@|�L?@*�3i |�i UL?�i?|�L?@*
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L�h i L}i?L�t t�LU!t� ì |�i? �ti |�iti |�4i tih�it |L it|�4@|i L�h M@ti*�?i |�4i tih�it
hiThiti?|@|�L?c E��b�c uLh i@U� i L}i?L�t t�LU! ThLUitt� W? i@U� U@tic �i it|�4@|i 4L_i*
E��H��E��b� �? |�L t|iTt� A�i �ht| t|iT �?�L*�it hi}hitt�L? L? ti@tL?@* _�44�it� A�i tiUL?_
t|iT �|t 4L_i* E��b� |L |�i �||i_ _�t|�hM@?Uit uhL4 |�i t|iT�L?i hi}hitt�L? �t�?} t|@?_@h_
|�4i tih�it 4i|�L_t�

e�2��� A@t|i 5�LU!t

�L?t�_ih |�i |@t|i t�LU! �ht|� AL UL4T�|i |�i �4T*�i_ |�4i tih�it uLh |�i |@t|i t�LU!c �i
�ti_ |�i �?|h@|i4TLh@* �ht|�Lh_ih UL?_�|�L? ULhhitTL?_�?} |L |�i �L�ht _iU�t�L?� W? |ih4t
Lu |�i �@h�@M*it _i�?i_ �? |�i Thi��L�t tiU|�L?c |��t �t i Thitti_ @t

�| '
�|?|

t|EA � ?|�E� � k�
�

A�i *L}@h�|�4 Lu |�i |@t|i�t�LU! _@|@ �t _�tT*@)i_ �? 6�}�hi �@� �L|i �L� |�i *@t| ui�
LMtih�@|�L?t h�ti t�Mt|@?|�@**)c @t |�L�}� |�i) �ihi _h@�? uhL4 @ _�gihi?| TLT�*@|�L? |�@?
|�i ThiUi_�?} LMtih�@|�L?t� �iU@�ti Lu |��tc @?_ �? Lh_ih |L @�L�_ �tt�it Lu TL|i?|�@* ?L?�
t|@|�L?@h�|)c �i _hLTTi_ |�i *@t| H LMtih�@|�L?t uLh T�hTLtit Lu it|�4@|�?} @ |�4i tih�it
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;Wkh whvw zdv lpsohphqwhg lq UDWV xvlqj wkh Qhzh|0Zhvw surfhgxuh iru dgmxvwlqj iru khw0
hurvfhgdvwlflw| dqg iru dxwrfruuhodwlrq xs wr rughu 91 Iru wklv/ zh xvhg wkh UREXVWHUURUV
rswlrq zlwk GDPS@4 dqg ODJV@9 lq wkh UDWV uhjuhvvlrq surfhgxuh/ OLQUHJ1

<Wkhuh lv hylghqfh wkdw wkh U5 vwdwlvwlf pd| vsxulrxvo| lq�dwh wkh lpsruwdqfh ri ghwhuplqlvwlf
vhdvrqdov +Iudqvhv/ K|oohehuj/ dqg Ohh 4<<8,1 Wr dyrlg ehlqj plvohg e| wklv srvvlelolw|/ zh wdnh
wzr vwhsv1 Iluvw/ dv hpskdvl}hg deryh/ zh uhshdw rxu dqdo|vlv zlwk sxuho| lqghwhuplqlvwlf
uhsuhvhqwdwlrqv iru wkh h{rjhqrxv vkrfnv1 Vhfrqg/ Dsshqgl{ E ghyhorsv dgglwlrqdo vwdwlvwlfv iru
dvvhvvlqj wkh lpsruwdqfh ri d ghwhuplqlvwlf frpsrqhqw lq vhdvrqdolw|1

43Lq fdofxodwlrqv qrw uhsruwhg khuh/ zh yhul�hg wkdw vhwwlqj wr }hur doo lqvljql�fdqw frh�flhqwv
lq hvwlpdwhv ri htxdwlrq +61<, iru � +dqg dovr iru �, grhv qrw vljql�fdqwo| fkdqjh rxu uhvxowv rq
wkh h�hfwv ri vwdqgdug exvlqhvv f|foh sudfwlfh1

44Vwulfwo| vshdnlqj/ wklv fdslwdo vwrfn vhulhv lv lqdssursuldwh iru edfnlqj rxw d vhdvrqdo whfk0
qrorj| vkrfn/ ehfdxvh lw lv frqvwuxfwhg iurp vhdvrqdoo| dgmxvwhg gdwd1 Wkh vkrfn vhulhv zh
frqvwuxfw pd| wkxv h{djjhudwh wkh vhdvrqdolw| lq surgxfwlylw|/ dowkrxjk zh eholhyh wkh h�hfw lv
vpdoo ehfdxvh vhdvrqdo yduldwlrqv lq wkh fdslwdo vwrfn duh suredeo| yhu| vpdoo1
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45Wkh lpsruwdqfh ri zlqwhu zhdwkhu dv dq h{sodqdwlrq ri wkh �uvw txduwhu gls lq surgxfwlylw|
kdv ehhq fkdoohqjhg +Ehdxolhx dqg Plurq 4<<4,1

46Zkhq � lv frpsxwhg xvlqj wkh Eduvn|0Plurq krxuv zrunhg gdwd/ wkh lqwhusuhwdwlrq ri wkh
uhvxow dv h{rjhqrxv whfkqrorj| lv pruh sureohpdwlf1 Lq Dsshqgl{ D zh dujxh wkdw wkh sureohpv
vwhp ixqgdphqwdoo| iurp wkh idfw wkdw wkhlu krxuv zrunhg gdwd duh lqdssursuldwh lq wkh suhvhqw
frqwh{w1

��



e��� �*|ih?@|��i 5�LU! �L_i*t

W? |��t tiU|�L?c �i it|�4@|i L�h @*|ih?@|��i t�LU! 4L_i*tc ���U� tTiU�u) |�@| @** ti@tL?@*�|)
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47E| qrq0vwrfkdvwlf vwhdg| vwdwh/ zh phdq wkh prgho yduldeohv dorqj d ghwhuplqlvwlf jurzwk
sdwk lq zklfk doo vkrfn lqqrydwlrqv duh khog htxdo wr wkhlu xqfrqglwlrqdo phdq ri }hur1
Wr frpsxwh wkh prgho*v lpsolfdwlrqv iru KS0�owhuhg/ orj lqyhvwphqw lq qrqvwrfkdvwlf vwhdg|

vwdwh/ zh surfhhg dv iroorzv1 Ohw j+O, ghqrwh wkh odj0rshudwru uhsuhvhqwdwlrq ri wkh KS �owhu
dv ghulyhg lq/ vd|/ Nlqj dqg Uhehor +4<<6,1 Khuh/ O lv wkh odj rshudwru/ vr wkdw Om{w � {w�m1
Wkhq/ frpsxwh wkh zhljkwv/ jm / lq wkh wzr0vlghg/ lq�qlwh0rughuhg h{sdqvlrq/ j+O, @

S
m jmO

m1
Ohw lw/ iru w @ �4> ===>4 ghqrwh wkh wzr0vlghg/ lq�qlwh vhtxhqfh ri orj/ vfdohg lqyhvwphqw1 Wklv
lv frqvwuxfwhg iurp irxu vhdvrqdo qxpehuv/ rqh iru hdfk txduwhu lq wkh |hdu/ uhshdwhg lq hdfk
|hdu1 Jlyhq wkh vlpsoh sdwwhuq lq lw dqg wkh jm*v/ lw lv vwudljkwiruzdug wr frpsxwh j+O,lw1 Wklv
lv dovr d grxeo| lq�qlwh vhtxhqfh/ frqvwuxfwhg iurp irxu qxpehuv/ rqh iru hdfk vhdvrq lq wkh
|hdu1 Wklv jlyhv xv KS0�owhuhg/ orj vfdohg lqyhvwphqw1 Wr xqgr wkh h�hfwv ri wkh vfdolqj/ zh dgg
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i@U� ^�@h|ih<t LMtih�@|�L? @UULh_�?} |L |�i 4@}?�|�_i Lu |�@| ^�@h|ih<t _�44)� 6Lh i@U�
U@*i?_@h )i@hc �i |�i? UL4T�|i |�i 5Ti@h4@? h@?! ULhhi*@|�L? Mi|�ii? |�i h@?!�?} Lu |�@|
)i@h<t ^�@h|iht @?_ |�i L�ih@** h@?!�?} M@ti_ L? |�i _�44�it� ��h h@?! 4i@t�hi Lu ti@tL?@*

t|@M�*�|) �t |�i @�ih@}i Lu |�iti ULhhi*@|�L?t L�ih |�i ��L*i t@4T*i� 6Lh |�i Thiuihi?Ui t�LU!c
|�i ThL_�U|���|) t�LU!c @?_ |�i }L�ih?4i?| UL?t�4T|�L? t�LU! tih�it UL4T�|i_ uhL4 N5
_@|@c �i LM|@�?i_ h@?! 4i@t�hit Lu ti@tL?@* t|@M�*�|) Lu f�b�c f�b2c @?_ f�D�c hitTiU|��i*)�

AL U�iU! ��i|�ih |�i �?_i|ih4�?�t|�U 4L_i*t Lu ti@tL?@*�|) @hi UL?t�t|i?| ��|� |�i t|@|�t�
|�Ut _�tU�tti_ @ML�ic �i t�4�*@|i_ Dcfff @h|��U�@* _@|@ ti|tc i@U� Lu |�i t@4i *i?}|� @t L�h
N5 _@|@ |�4i Tih�L_ E2D @?_ @ �@*u )i@htc ULhhitTL?_�?} |L DHG� |L H�Ge�c uLh i@U� Lu |�i
it|�4@|i_ T�hi*) @�|Lhi}hitt��i ti@tL?@* hiThiti?|@|�L?t� W? i@U� U@ti |�i Tih�L_ DHG� |L
S�G2 �@t ti| i^�@* |L |�i @U|�@* �@*�it �? L�h N5 _@|@ tih�itc @?_ |�i hi4@�?�?} LMtih�@|�L?t
�ihi t�4�*@|i_ �t�?} |�i �||i_ T�hi*) �?_i|ih4�?�t|�U ti@tL?@* 4L_i*t @?_ MLL|t|h@TT�?}
E��ihiM) _�t|�hM@?Ui |ih4t @hi LM|@�?i_ M) t@4T*�?}c ��|� hiT*@Ui4i?|c uhL4 |�i �||i_
hit�_�@*t�� Nt�?} |�i t@4i UL4T�|@|�L?t _itUh�Mi_ @ML�ic �i UL4T�|i_ @ |�t|@|�t|�U @?_
|�i |�L 4i@t�hit Lu ti@tL?@* t|@M�*�|) uLh i@U� t�4�*@|�L?� A�@| �tc uLh i@U� @�|Lhi}hitt��i
hiThiti?|@|�L?c �i LM|@�?i_ Dcfff @h|��U�@* |�t|@|�t|�Ut @?_ Dcfff T@�ht Lu ti@tL?@* t|@M�*�|)
t|@|�t|�Ut�

2�



6Lh |�i }L�ih?4i?| UL?t�4T|�L? t�LU!c |�i @h|��U�@* |�t|@|�t|�Ut �ihi t4@**ih |�@? |�i
i4T�h�U@* L?i �.�2 TihUi?| Lu |�i |�4i� A��tc i�i? @| @ �f TihUi?| Uh�|�U@* *i�i*c |�i @��
|Lhi}hitt��i ti@tL?@* hiThiti?|@|�L? �t ?L| hi�iU|i_� 6Lh |�i |@t|i t�LU! @?_ ThL_�U|���|)
t�LU!c �L�i�ihc *itt |�@? � TihUi?| Lu |�i t�4�*@|�L?t )�i*_ @ |�t|@|�t|�U t4@**ih |�@? |�i
i4T�h�U@* L?ic �?_�U@|�?} |�@| |�i�h it|�4@|i_ @�|Lhi}hitt��i hiThiti?|@|�L?t U@??L| i T*@�?
@�@) |�i i4T�h�U@* i��_i?Ui �? u@�Lh Lu _i|ih4�?�t|�U ti@tL?@*�|)� W? L|�ih �Lh_tc |��t |it|
hi�iU|t |�i @�|Lhi}hitt��i ti@tL?@* hiThiti?|@|�L? uLh |@t|i @?_ ThL_�U|���|) t�LU!t @| |�i �
TihUi?| *i�i*�

A�i hit�*|t uLh |�i 4@}?�|�_i 4i@t�hi Lu ti@tL?@* t|@M�*�|) @hi t�4�*@h� 6Lh }L�ih?4i?|
UL?t�4T|�L?c �2�2 TihUi?| Lu |�i t�4�*@|�L?t ThL_�Ui_ TihUi?|@}i _i��@|�L? t|@|�t|�Ut @t
��}� @t |�i i4T�h�U@* L?i� 6Lh |�i |@t|i @?_ ThL_�U|���|) t�LU!tc M) UL?|h@t|c *itt |�@? �
TihUi?| Lu |�i t�4�*@|�L?t _�_ tL�

A�i h@?! 4i@t�hi Lu ti@tL?@* t|@M�*�|) �@t t*�}�|*) _�gihi?|� A�i @�|Lhi}hitt��i ti@tL?@*
4L_i* uLh }L�ih?4i?| UL?t�4T|�L? @}@�? �@t ?L| hi�iU|i_( 22�e TihUi?| Lu |�i t�4�*@|�L?t
ThL_�Ui_ 5Ti@h4@? 4i@t�hit @t ��}� @t |�i i4T�h�U@* L?i� A�i LTTLt�|i �@t @}@�? |h�i
uLh |�i |@t|i t�LU!c @}@�? @| |�i � TihUi?| Uh�|�U@* *i�i*� 6Lh |�i |iU�?L*L}) t�LU!c �L�i�ihc
D�H TihUi?| Lu |�i t�4�*@|�L?t ThL_�Ui_ 5Ti@h4@? ti@tL?@* t|@M�*�|) t|@|�t|�Ut i^�@* |L Lh
}hi@|ih |�@? |�i i4T�h�U@* 4i@t�hi� �| @ D TihUi?| Uh�|�U@* *i�i* uLh |��t t|@|�t|�Uc L?i �L�*_
EM@hi*)� ?L| hi�iU| |�i @�|Lhi}hitt��i ti@tL?@* hiThiti?|@|�L? uLh |�i ThL_�U|���|) t�LU!�

AL t�44@h�3i L�h hit�*|tG E�� |�i |it|t t|hL?}*) hi�iU| |�i �?_i|ih4�?�t|�U 4L_i* �t�?}
|@t|i t�LU!t( E��� |�L |it|t hi�iU| |�i �?_i|ih4�?�t|�U 4L_i* �t�?} ThL_�U|���|) t�LU!t @?_
L?i _Lit ?L|( E���� |�i |it|t _L ?L| hi�iU| |�i T�hi*) �?_i|ih4�?�t|�U ti@tL?@* 4L_i* �t�?}
}L�ih?4i?| UL?t�4T|�L?�

W| �t �4TLh|@?| |L i4T�@t�3i L?i �?@* TL�?|� Wu �i �@_ @**L�i_ i�i? *L?}ih *@}tc �i UL�*_
�@�i ThL_�Ui_ T�hi*) �?_i|ih4�?�t|�U 4L_i*t UL?t�t|i?| ��|� |�i i��_i?Ui L? _i|ih4�?�t|�U
ti@tL?@*�|)� A��t �t MiU@�ti *L?} @�|Lhi}hitt�L?t U@? @hM�|h@h�*) �i** @TThL �4@|i hiThiti?�
|@|�L?t *�!i L�h M@ti*�?i 4L_i*t ��|� ti@tL?@* _�44�it�2S 5�U� *L?} @�|Lhi}hitt�L?t @hi
?L| Lu �?|ihit| �? @TT*�i_ �Lh!c t�?Ui |�i) @hi _��U�*| |L it|�4@|i ��|� ThiU�t�L? �? |)T�U@*
TLt|�@h _@|@ ti|t�

59Wklv uhtxluhv vrph h{sodqdwlrq1 Irupdoo|/ zh fdq wklqn ri wkh vshfwudo ghqvlw| ri rxu
edvholqh wlph vhulhv uhsuhvhqwdwlrq dv wkh vxp ri wkh vshfwuxp ri {gw dqg {qgw lq +61;,1 Wkh odwwhu
lv zhoo gh�qhg1 Zh gh�qh wkh iruphu dv wkh Irxulhu wudqvirup ri wkh fryduldqfh ixqfwlrq ri
wkh gxpplhv wkdw zrxog eh frpsxwhg iurp d orqj vdpsoh ri gxpplhv1 Wklv Irxulhu wudqvirup
lv frpsrvhg ri Ghowd ixqfwlrq vslnhv1 Vr/ wkh vshfwuxp lpsolhg e| rxu edvholqh prgho fdq eh
wkrxjkw ri dv wkh vxp ri d vprrwk sduw dqg d Ghowd ixqfwlrq sduw1 D vhtxhqfh ri vshfwud lpsolhg
e| orqjhu dqg orqjhu odj dxwruhjuhvvlrqv fdq dssur{lpdwh wklv sdwwhuq duelwudulo| zhoo1

2e



+iuihi?Uit

d�o �@hhLc +LMih|� �bbf� �@UhLiUL?L4�Ut� aL�? `�*i) : 5L?tc W?U�

d2o �@ht!)c +LMih| ��c @?_ ��hL?c aighi) �� �bHb� A�i ti@tL?@* U)U*i @?_ |�i
M�t�?itt U)U*i� aL�h?@* Lu �L*�|�U@* ,UL?L4) b.c Df���e�

d�o �i@�*�i�c a� aLtiT�c @?_ ��hL?c aighi) �� �bb�� � UhLtt UL�?|h) UL4T@h�tL?
Lu ti@tL?@* U)U*it @?_ M�t�?itt U)U*it� �@?�tUh�T|� �Lt|L? N?��iht�|) E�@)��

deo �i?�@M�Mc aitt( +L}ihtL?c +�U�@h_( @?_ h̀�}�|c h̀�}�|� �bb�� OL4i�Lh! �?
4@UhLiUL?L4�UtG OL�ti�L*_ ThL_�U|�L? @?_ @}}hi}@|i ��U|�@|�L?t� aL�h?@*
Lu �L*�|�U@* ,UL?L4) bbc ��SS��H.�

dDo �Lt���!c O� �i|ih @?_ ���*�T 6h@?tit� �bbD� �ih�L_�U UL�?|i}h@|�L?G hiThi�
ti?|@|�L? @?_ �?uihi?Ui� +i��i� Lu ,UL?L4�Ut @?_ 5|@|�t|�Ut� ..E��c ��}�t|c
T@}it e�S�De�

dSo �Lt���!c O� �i|ih @?_ ���*�T 6h@?tit� �bbD@� Ait|�?} uLh Tih�L_�U �?|i}h@|�L?�
,UL?L4�Ut wi||iht� eHE��e�c a�?ic T@}it 2e��eH�

d.o �h@�?c +� �?|L?c @?_ ,�@?tc ��@h*it w� �bbD� 5i@tL?@*�|) @?_ i^��*�Mh��4
M�t�?itt U)U*i |�iLh�it� aL�h?@* Lu ,UL?L4�U #)?@4�Ut @?_ �L?|hL* �bc Df��
D���

dHo �h@�?c +� �?|L?c @?_ ,�@?tc ��@h*it w� �bbH� 5i@tL?@* 5L*L� hit�_�@*t @?_
��h�t|4@tG � U@ti uLh *@MLh �L@h_�?} @?_ �?Uhi@t�?} hi|�h?t� aL�h?@* Lu
�L?i)c �hi_�| @?_ �@?!�?}c �L*� �fc ?L� �c ��}�t|c T@h| ��

dbo �@?L�@c 6@M�Lc @?_ ,h�U B�)ti*t� �bbe� ��@?}it �? ti@tL?@* T@||ih?tc @hi
|�i) U)U*�U@*qc aL�h?@* Lu ,UL?L4�U #)?@4�Ut @?_ �L?|hL* �HG ��e����.��

d�fo �iUU�i||�c 5|iT�i? B�c �?�* k� k@t�)@Tc @?_ #@��_`�`�*UL � �bb.� W?|ih@U�
|�L?t Mi|�ii? |�i ti@tL?@* @?_ M�t�?itt U)U*it �? ThL_�U|�L? @?_ �?�i?|Lh�it�
�4ih�U@? ,UL?L4�U +i��i�� H.ED�c #iUi4Mihc T@}it HHe�b2�

d��o ��h�t|�@?Lc w@�hi?Ui a� �bHH� `�) _Lit �?�i?|Lh) �?�it|4i?| ��U|�@|i tL
4�U�q aL�h?@* Lu �L?i|@h) ,UL?L4�Ut 2�c 2e.�Hf�

d�2o ��h�t|�@?Lc w@�hi?Ui a�� �bbf� w�?i@h�^�@_h@|�U @TThL �4@|�L? @?_ �@*�i�
u�?U|�L? �|ih@|�L?G @ UL4T@h�tL?c aL�h?@* Lu ��t�?itt @?_ ,UL?L4�U 5|@|�t�
|�Ut�

2D



d��o ��h�t|�@?Lc w@�hi?Ui a�c @?_ �@h|�? ,�U�i?M@�4� �bb2� ��hhi?| hi@* M�t�?itt
U)U*i |�iLh�it @?_ @}}hi}@|i *@MLh 4@h!i| ��U|�@|�L?t� �4ih�U@? ,UL?L4�U
+i��i� .H Ea�?i�G e�f�Df�

d�eo ��h�t|�@?Lc w@�hi?Ui a�c @?_ L̀�|ih _i? O@@?� �bbS� 54@**�5@4T*i �hLTih�
|�it Lu B�� uLh ��t�?itt��)U*i �?@*)t�t� aL�h?@* Lu ��t�?itt @?_ ,UL?L4�U
5|@|�t|�Ut �L*� �ec ?L� �c a�*)c TT� �fb��2.�

d�Do ��h�t|�@?Lc w@�hi?Ui a�c @?_ w@ht w��?}^��t|� �bHH� �L?i) _Lit }h@?}ih�
U@�ti L�|T�| �? |�i M��@h�@|i L�|T�|�4L?i) hi*@|�L?� aL�h?@* Lu �L?i|@h)
,UL?L4�Utc 5iT|i4Mih�

d�So ��h�t|�@?Lc w@�hi?Ui a�c @?_ +�U�@h_ �� AL__� �bbS� A�4i |L T*@? @?_ @}�
}hi}@|i ��U|�@|�L?t� 6i_ih@* +itih�i �@?! Lu ��??i@TL*�t "�@h|ih*) +i��i�c
`�?|ihc �L*� 2fc ?L� ��

d�.o �*i�i*@?_c `��� @?_ B��� A�@L� �b.S� #iUL4TLt�|�L? Lu ti@tL?@* |�4i tih�itG
@ 4L_i* uLh |�i �i?t�t j��� �hL}h@4� aL�h?@* Lu |�i �4ih�U@? 5|@|�t|�U@*
�ttLU�@|�L?� �L*� .�c �tt�i �DDc 5iT|i4Mihc TT� DH��DH.�

d�Ho �LL*i)c A�L4@t 6�c @?_ �hitUL||c ,_�@h_c �bbD� ,UL?L4�U }hL�|� @?_ M�t��
?itt U)U*it� W? A�L4@t 6� �LL*i)c i_�c 6hL?|�iht Lu M�t�?itt U)U*i hiti@hU��
�h�?Ui|L? N?��iht�|) �hitt�

d�bo 6h@?titc ���*�T @?_ +�U�@h_ �@@T� �bbe� �L_i* ti*iU|�L? �? Tih�L_�U @�|Lhi�
}hitt�L?tc � uLh_ ��**i|�? Lu ,UL?L4�Ut @?_ 5|@|�t|�Ut� DSEe�c �L�i4Mihc
T@}it e2���b�

d2fo 6h@?titc ���*�T @?_ +�U�@h_ �@@T� �bbb� �? |hi?_t @?_ UL?t|@?|t �? Tih�L_�U
@�|Lhi}hitt�L?t� ,UL?L4i|h�U +i��i�t� �HE��c ��}�t|c T@}it 2.��HS�

d2�o 6h@?titc ���*�Tc Oi?! OLi!c @?_ +�U�@h_ �@@T� �bb.� �@)it�@? @?@*)t�t Lu
ti@tL?@* �?�| hLL|t @?_ ti@tL?@* 4i@? t��u|t� aL�h?@* Lu ,UL?L4i|h�Ut� .HE2�c
a�?ic T@}it �Db�Hf�

d22o 6h@?titc ���*�Tc 5�i?_ O)**iMih} @?_ O@�? 5� wii� �bbD� 5T�h�L�t _i|ih4�?�
�t|�U ti@tL?@*�|)� ,UL?L4�Ut wi||iht eHc TT� 2eb�2DS�

d2�o B�)ti*tc ,h�U� �bHH� � t|�_) |L�@h_t @ _)?@4�U |�iLh) Lu ti@tL?@*�|) uLh
iUL?L4�U |�4i tih�it� aL�h?@* Lu |�i �4ih�U@? 5|@|�t|�U@* �ttLU�@|�L?c �L*�
H�c TT� �SH��.2�

2S



d2eo B�)ti*tc ,h�U� �bbe@� �? |�i Tih�L_�U t|h�U|�hi Lu |�i M�t�?itt U)U*i� aL�h?@*
Lu ��t�?itt @?_ ,UL?L4�U 5|@|�t|�Utc �2c TT� 2Hb�2bH�

d2Do B�)ti*tc ,h�U� �bbeM� �? |�i iUL?L4�Ut @?_ iUL?L4i|h�Ut Lu ti@tL?@*�|)� W?
���� 5�4tc i_�|Lhc �_�@?Uit �? ,UL?L4i|h�Utc �L*� �c �@4Mh�_}i N?��iht�|)
�hitt�

d2So B�)ti*tc ,h�Uc �*��i Bh@?}ihc @?_ ��ihhi 5�!*Lt� �bbS� Wt ti@tL?@* @_��t|4i?|
@ *�?i@h Lh ?L?*�?i@h _@|@ |h@?tuLh4@|�L?q� aL�h?@* Lu ��t�?itt @?_ ,UL?L4�U
5|@|�t|�Ut� �eE��c a�*)c T@}it �.e�HS�

d2.o B�)ti*tc ,h�Uc �*@t|@�h O@**c @?_ 5��! O@�? wii� �bbS� �? Tih�L_�U t|h�U�
|�hit @?_ |it|�?} uLh ti@tL?@* �?�| hLL|t� aL�h?@* Lu |�i �4ih�U@? 5|@|�t|�U@*
�ttLU�@|�L?� b�Ee�S�c #iUi4Mihc T@}it �DD��Db�

d2Ho B�)ti*tc ,h�Uc +LMih| ,� �U��**LU�c @?_ +�i) 5� At@)� �bbH� �@)it�@? �?uih�
i?Ui uLh Tih�L_�U hi}�4i�t��|U��?} 4L_i*t� aL�h?@* Lu �TT*�i_ ,UL?L4i|h�Ut�
��E2�c �@hU���Th�*c T@}it �2b�e��

d2bo Bhi|�ihc #���c @?_ �� �ih*L�i� �b.f� 5L4i ThLTih|�it Lu RLT|�4@*� ti@tL?@*
@_��t|4i?|� ,UL?L4i|h�U@c �� �H E?L� Dc 5iT|i4Mih�c TT� SH2�.f��

d�fo O@?ti?c B@h) #� �bHD� W?_���t�M*i *@MLh @?_ |�i M�t�?itt U)U*i� aL�h?@* Lu
�L?i|@h) ,UL?L4�Ut �S E�L�i4Mih�G �fb�2.�

d��o O@?ti?c B@h) #� �bb�� A�i U)U*�U@* @?_ tiU�*@h Mi�@��Lh Lu |�i *@MLh �?T�|G
�L4T@h�?} i�U�i?U) @?_ �L�ht �Lh!i_c aL�h?@* Lu �TT*�i_ ,UL?L4i|h�Utc
�L*� Hc a@?�@h)��@hU�c TT� .��Hf�

d�2o O@?ti?c B@h) #�c @?_ h̀�}�|c +@?_@**� �bb2� A�i *@MLh 4@h!i| �? hi@* M�t��
?itt U)U*i |�iLh)� 6i_ih@* +itih�i �@?! Lu ��??i@TL*�t "�@h|ih*) +i��i� �S
E5Th�?}�G 2��2�

d��o O@?ti?c w@ht �i|ihc @?_ 5@h}i?|c A�L4@t a� �bb�� 5i@tL?@*�|) @?_ @TThL ��
4@|�L? ihhLht �? h@|�L?@* i TiU|@|�L?t 4L_i*t� aL�h?@* Lu ,UL?L4i|h�Utc DDc
2��DS�

d�eo OL_h�U!c +LMih|c @?_ ,_�@h_ �hitUL||� �bb.� �Lt|��@h M�t�?itt U)U*itG �?
i4T�h�U@* �?�it|�}@|�L?� aL�h?@* Lu �L?i)c �hi_�| @?_ �@?!�?}c �L*� 2bc ?L�
�c 6iMh�@h)c TT� ���S�

2.



d�Do O)**iMih}c 5�i?_ @?_ �_h�@? +� �@}@?� �bb.� 5i@tL?@* �?|i}h@|�L? @?_
|�i i�L*��?} ti@tL?@*t 4L_i*� W?|ih?@|�L?@* aL�h?@* Lu 6LhiU@t|�?}� ��E��c
5iT|i4Mihc T@}it �2b�ef�

d�So O)**iMih}c 5�i?_c �*@h@ aLh}i?ti?c @?_ ��*t k@h* 5Lhi?ti?� �bb�� 5i@tL?@*�|)
�? 4@UhLiUL?L4�U |�4i tih�it� ,4T�h�U@* ,UL?L4�Ut� �HE2�c T@}it �2���D�

d�.o k�?}c +LMih|c @?_ 5ih}�L +iMi*Lc �bb�� wL� uhi^�i?U) �*|ih�?} @?_ hi@*
M�t�?itt U)U*it� aL�h?@* Lu ,UL?L4�U #)?@4�Ut @?_ �L?|hL*c �L*� �.c TT�
2D��2���

d�Ho k)_*@?_c 6�?? ,�c @?_ �hitUL||c ,_�@h_ �� �bH2� A�4i |L M��*_ @?_ @}}hi�
}@|i ��U|�@|�L?t� ,UL?L4i|h�U@ Dfc ��eD�.f�

d�bo wL�i**c ��U�@i* �� �bS�� 5i@tL?@* @_��t|4i?| Lu iUL?L4�U |�4i tih�itc aL�h?@*
Lu |�i �4ih�U@? 5|@|�t|�U@* �ttLU�@|�L?c �L*� DHc TT� bb���f�f�

defo �@h@�@**c �}�t|��?� �bbD� N?LMtih�i_ UL4TL?i?|t �? iUL?L4�U |�4i tih�it�
W? �it@h@?c �� O@t�i4c @?_ ��+� `�U!i?tc i_t� E�bbD�c O@?_MLL! Lu �T�

T*�i_ ,UL?L4i|h�Utc VL*�4i WG �@UhLiUL?L4�Ut� � uLh_G �*@U!�i** ��M*�t��
ihtc w|_�

de�o �UBh@||@?c ,**i? +� �bbe� � ThL}hitt hiTLh| L? M�t�?itt U)U*i 4L_i*t� 6i_�
ih@* +itih�i �@?! Lu ��??i@TL*�t "�@h|ih*) +i��i�c 6@**�

de2o �*Lttihc ��@h*it W� �b.b� A�i @?@*)t�t Lu ti@tL?@* iUL?L4�U 4L_i*t� aL�h?@*
Lu ,UL?L4i|h�Utc �� �f Ea�?i�c TT� �e.��S��

de�o 5@h}i?|c A�L4@tc �b.H� �L44i?|t L? �5i@tL?@* �_��t|4i?| @?_ ��*|�T*i
A�4i 5ih�it �?@*)t�t< M) ki??i|� 6� @̀**�tc �? �h?L*_ ~i**?ih Ei_�� 5i@tL?@*
�?@*)t�t Lu ,UL?L4�U A�4i 5ih�itc �hLUii_�?}t Lu |�i �L?uihi?Ui L? |�i 5i@�
tL?@* �?@*)t�t Lu ,UL?L4�U A�4i 5ih�itc @̀t��?}|L?c #���c 5iT|� b��fc �b.Sc
,UL?L4�U +iti@hU� +iTLh|c ,+��c N5 #iT@h|4i?| Lu �L44ihUic ��hi@� Lu
|�i �i?t�t�

deeo 5@h}i?|c A�L4@t� �bH.� �@UhLiUL?L4�U A�iLh)c 2?_ i_�|�L?c �U@_i4�U
�hitt�

deDo 5U��@h3c B� �b.H� ,t|�4@|�?} |�i _�4i?t�L? Lu @ 4L_i*� �??@*t Lu t|@|�t|�Ut�
SGeS��e�

2H



deSo 5�4tc ��h�t|LT�ih �� �b.S� +itTL?ti |L 5@h}i?|<t �L44i?| L? |�i �@Tih M)
@̀**�t� �?T�M*�t�i_ 4@?�tUh�T|c �L�i4Mih 2��

de.o 5�?}*i|L?c ki??i|� a�� �bHH� ,UL?L4i|h�U Wtt�it �? |�i �?@*)t�t Lu ,^��*�M�
h��4 ��t�?itt �)U*i �L_i*tc aL�h?@* Lu �L?i|@h) ,UL?L4�Utc �L*� 2�c TT�
�S���HS�

deHo vL�?}c ��O� �bSHc w�?i@h @TThL �4@|�L?t |L |�i Ui?t�t @?_ �w5 ti@tL?@*
@_��t|4i?| 4i|�L_t� aL�h?@* Lu |�i �4ih�U@? 5|@|�t|�U@* �ttLU�@|�L?�

debo @̀**�tc ki??i|� 6� �b.e� 5i@tL?@* @_��t|4i?| @?_ hi*@|�L?t Mi|�ii? �@h��
@M*it� aL�h?@* Lu |�i �4ih�U@? 5|@|�t|�U@* �ttLU�@|�L?c �� Sb E?L� �eDc �@hU��c
TT�c �H����

dDfo @̀|tL?c �@h!c �bb�� �i@t�hit Lu �| uLh U@*�Mh@|i_ 4L_i*t� aL�h?@* Lu �L*�|�U@*
,UL?L4)c �f�G�f���e��

2b



7DEOH �� ([RJHQRXV 6KRFN 0RGHOV
�

3DQHO $� 3UHIHUHQFHV� W

VH I� I� T H
G
� H

G
� H

G
� H

G
� 4 ':

(TXDWLRQ ��� ���� ���

������

���

������

���

������

���� ���� ���� ���� ���

����

����

3DQHO %� 7HFKQRORJ\� O

VH I� I� T G� G� G� G� 4 ':

(TXDWLRQ ��� ���� ����

�������

���

�����

���

�����

����� ���� ���� ���� ���

����

����

3DQHO &� *RYHUQPHQW� J

VH I� I� T H
G
� H

G
� H

G
� H

G
� 4 ':

(TXDWLRQ ��� ���� ���

������

���

������

���

������

����� ����� ����� ����� ���

����

����

�
(TXDWLRQ ��� UHVXOWV DUH IRU ILWWLQJ WKH PRGHO� [W  G�G�W � G�G�W � G�G�W � G�G�W � >���I�/�I�/

�
����T/

�
�@

��
HW WR [W� ZKHUH [W  ORJWW� OW� ORJ�JW� DV LQGLFDWHG� GLW LV

� LQ TXDUWHU L DQG ]HUR RWKHUZLVH� L  �� �� �� � DQG VH LV WKH VWDQGDUG GHYLDWLRQ RI HW� &DOFXODWLRQV GRQH LQ WZR VWHSV� GXPP\ FRHIILFLHQWV DUH REWDLQHG LQ

VWHS RQH E\ 2/6 RYHU ������ WR ������� DQG LQ VWHS WZR WKH UHPDLQLQJ FRHIILFLHQWV DUH REWDLQHG E\ DSSO\LQJ 5$76 SURFHGXUH %2;-(1. WR WKH UHVLGXDOV�

7KH VWHS WZR UHJUHVVLRQV DUH RYHU ������ WR ������� :LWK RQH H[FHSWLRQ� QXPEHUV LQ SDUHQWKHVHV DUH W�VWDWLVWLFV� 7KH H[FHSWLRQ LV WKHFROXPQSHUWDLQLQJ WR

4� ZKLFK FRQVLVWV RI WKH QXPEHU RI ODJV LQ WKH %R[�3LHUFH VWDWLVWLF FRPSXWHG RQ WKH ILWWHG GLVWXUEDQFHV� 4 LV WKH S�YDOXH RI WKH %R[�3LHUFH VWDWLVWLF� ZLWK D

QXPEHU EHORZ ���� LQGLFDWLQJ UHMHFWLRQ DW WKH � SHUFHQW OHYHO� ': LV WKH 'XUELQ�:DWVRQ VWDWLVWLF�



7DEOH �� 6HDVRQDO 'HYLDWLRQV IURP 7UHQG � 8�6� 'DWD
�

$YHUDJH 3HUFHQWDJH 'HYLDWLRQ E\ 4XDUWHU 'XPPLHV
 &RUUHODWLRQV

4� 4� 4� 4� 'XPPLHV


6WG� 'HY�

:LWK <

'XPPLHV

:LWK <�Q

'XPPLHV

< ����� ���� ���� ���� ���� ����

& ����� ���� ���� ���� ���� ���

, ����� ���� ���� ���� ���� ���

* ����� ���� ��� ���� ���� ���

Q ���� ��� ����� ���� ���� ��� ����

<�Q ����� ���� ���� ���� ���� ���

�
< UHDO *13� & UHDO FRQVXPSWLRQ RI QRQGXUDEOHV SOXV VHUYLFHV� , UHDO IL[HG LQYHVWPHQW� * UHDO JRYHUQPHQW FRQVXPSWLRQ� )URP +DQVHQ ������� Q HIIHFWLYH

KRXVHKROG KRXUV� 2WKHU GDWD IURP %DUVN\�0LURQ ������� 5HDO YDULDEOHV DUH %DUVN\�0LURQ QRPLQDO YDULDEOHV GLYLGHG E\ WKHLU &3, VHULHV� $OO GDWD ZHUH RULJLQDOO\ LQ

QRW VHDVRQDOO\ DGMXVWHG IRUP� 7KH\ ZHUH VHDVRQDOO\ DGMXVWHG ZLWK WKH GHIDXOW VHWWLQJV LQ 5$7
V (=;��� DQG WKHQ ORJJHG DQG +3 ILOWHUHG� 7KH HIILFLHQF\ KRXUV GDWD

ZHUH SURYLGHG WR XV E\ *DU\ +DQVHQ� 'DWD SHULRG LV ����±��� H[FHSW ����±�� IRU KRXUV DQG SURGXFWLYLW\� :KHUH SRVVLEOH� UHVXOWV DUH UHSURGXFHG IURP %DUVN\ DQG

0LURQ� 7DEOH �� 5HVXOWV IRU FRQVXPSWLRQ RI QRQGXUDEOHV DQG VHUYLFHV� &� DQG IRU KRXUV ZRUNHG DQG SURGXFWLYLW\ ZHUH FRPSXWHG E\ XV� 5HVXOWV REWDLQHG E\ ILUVW

ORJJLQJ DQG WKHQ +3�ILOWHULQJ WKH GDWD� 7KH WUDQVIRUPHG GDWD ZHUH UHJUHVVHG RQ VHDVRQDO GXPPLHV� 7KH WDEOH EDVHG RQ WKH UHVXOWLQJ FRHIILFLHQWV� DIWHUPXOWLSOLFDWLRQ

E\ ����

7DEOH �� 7LPH�WR�%XLOG :HLJKWV E\ 6HDVRQ DQG 6WDJH RI 3URMHFW
�

6HDVRQ �FDOHQGDU TXDUWHU�

6WDJH RI 3URMHFW 4� 4� 4� 4�

6WDJH =HUR ����� ����� ����� �����

6WDJH 2QH ����� ����� ����� �����

6WDJH 7ZR ����� ����� ����� �����

6WDJH 7KUHH ����� ����� ����� �����

�
(QWULHV LQ FROXPQ KHDGHG 4L UHSUHVHQW WKH UHODWLYH VKDUH RI UHVRXUFHV SXW LQ SODFH IRU LQYHVWPHQW SURMHFWV LQLWLDWHG LQ TXDUWHU L� 7KH

ZHLJKWV DGG WR ��� LQ TXDUWHUV �� �� DQG ��



7DEOH �� 6WHDG\ 6WDWHV YV� 6DPSOH $YHUDJHV

%DUVN\�0LURQ 'DWD
�

%DVHOLQH 6HDVRQDO 0RGHO
�

4� 4� 4� 4� 4� 4� 4� 4�

KRXUV

ZRUNHG

����� ����� ����� ����� ����� ����� ����� �����

,�< ��� ��� ��� ��� ��� ��� ��� ���

&�< ��� ��� ��� ��� ��� ��� ��� ���

.�< Q�D� Q�D� Q�D� Q�D� ���� ���� ���� ����

*�< ��� ��� ��� ��� ��� ��� ��� ���

�
'XPP\ FRHIILFLHQWV LQ UHJUHVVLRQ RI LQGLFDWHG YDULDEOHV RQ TXDUWHUO\ GXPPLHV� )RU ,�<� &�<� *�< WKH VDPSOH SHULRG LV ����4������4��

)RU KRXUV ZRUNHG� WKH HIILFLHQF\�EDVHG PHDVXUH ZDV XVHG� DQG WKH VDPSOH SHULRG ZDV ����4������4��
�
1RQVWRFKDVWLF VWHDG\ VWDWH YDOXHV RI LQGLFDWHG YDULDEOHV�

7DEOH �� 6HDVRQDO &\FOH� 0RGHO DQG 'DWD

'DWD
� %DVHOLQH 6HDVRQDO 0RGHOV

�

4� 4� 4� 4� 4� 4� 4� 4�

< ����� ���� ���� ���� ����� ��� ��� ����

& ����� ���� ���� ���� ����� ���� ����� ����

, ����� ���� ���� ���� ����� ���� ���� ����

Q ���� ��� ����� ���� ����� ��� ����� ����

* ����� ���� ��� ���� ����� ���� ��� ����

. Q�D� Q�D� Q�D� Q�D� ��� ��� ���� ����

�
'HYLDWLRQ IURP +3�WUHQG RI ORJJHG GDWD �PXOWLSOLHG E\ ���� DORQJ VWHDG\ VWDWH JURZWK SDWK�

�
7DNHQ IURP 7DEOH � IRU FRQYHQLHQFH�



7DEOH �� 6HOHFWHG 6WDWLVWLFV� 6HDVRQDOO\ 8QDGMXVWHG 'DWD

3DQHO $� 8�6� 'DWD IRU ����±��

'\QDPLF &RUUHODWLRQV

9DULDEOHV
5HODWLYH

9RODWOLW\
� ;��W� ZLWK ;��W�M� IRU M 

;� ;� � � � � �� �� ��

< < ���� ���� ��� ��� ���� ��� ��� ����

< & ��� ���� ��� ���� ��� ���� ��� ����

< , ���� ���� ��� ��� ��� ���� ��� ���

< Q ��� ���� ��� ���� ��� ��� ��� ����

< * ���� ���� ���� ���� ��� ���� ��� ���

Q <�Q ���� ���� ��� ��� ���� ���� ��� ���

3DQHO %� %DVHOLQH 6HDVRQDO 0RGHO

< < ���� ���� ��� ���� ��� ���� ��� ����

< & ��� ���� ��� ���� ��� ���� ��� ����

< , ���� ���� ��� ��� ��� ���� ��� ���

< Q ��� ���� ��� ���� ��� ���� ��� ����

< * ���� ���� ��� ���� ��� ��� ��� ����

Q <�Q ���� ���� ��� ��� ��� ���� ��� ����

��(QWU\ FRUUHVSRQGLQJ WR < LV WKH VWDQGDUG GHYLDWLRQ RI �ORJJHG� GHWUHQGHG� RXWSXW� (QWULHV LQ WKH IROORZLQJ ILYH URZV DUH WKH VWDQGDUG GHYLDWLRQ RI WKH;�YDULDEOH

UHODWLYH WR WKH VWDQGDUG GHYLDWLRQ RI WKH ;� YDULDEOH�



7DEOH �� 6HOHFWHG %XVLQHVV &\FOH 6WDWLVWLFV� 6HDVRQDOO\ $GMXVWHG 'DWD

3DQHO $� 86 'DWD IRU �������

'\QDPLF &RUUHODWLRQV

9DULDEOHV
5HODWLYH

9RODWOLW\
� ;��W� ZLWK ;��W�M� IRU M 

;� ;� � � � � �� �� ��

< < ���� ��� ��� ��� ���� ��� ��� ���

< & ��� ��� ��� ��� ��� ��� ��� ���

< , ���� ��� ��� ��� ��� ��� ��� ���

< Q ��� ��� ��� ��� ��� ��� ��� ���

< * ���� ���� ���� ���� ��� ��� ��� ���

Q <�Q ��� ��� ��� ��� ��� ��� ��� ����

3DQHO %� %DVHOLQH 6HDVRQDO 0RGHO

< < ���� ��� ��� ��� ���� ��� ��� ���

< & ��� ��� ��� ��� ��� ��� ��� ���

< , ���� ��� ��� ��� ��� ��� ��� ���

< Q ��� ��� ��� ��� ��� ��� ��� ���

< * ���� ��� ��� ��� ��� ��� ��� ���

Q <�Q ���� ��� ��� ��� ��� ��� ��� ���

��(QWU\ FRUUHVSRQGLQJ WR < LV WKH VWDQGDUG GHYLDWLRQ RI �ORJJHG� GHWUHQGHG� RXWSXW� (QWULHV LQ WKH IROORZLQJ ILYH URZV DUH WKH VWDQGDUG GHYLDWLRQRI WKH;�YDULDEOH

UHODWLYH WR WKH VWDQGDUG GHYLDWLRQ RI WKH ;� YDULDEOH�

'DWD IRU 3DQHO % ZHUH VLPXODWHG ZLWK WKH EDVHOLQH PRGHO� )RU ERWK SDQHOV� GDWD ZHUH VHDVRQDOO\ DGMXVWHG ZLWK WKH ;�� SURFHGXUH LQ (VWLPD
V 5$76���[

SDFNDJH�



7DEOH �� (IIHFW RI 6HDVRQDO $GMXVWPHQW RQ 6HOHFWHG %XVLQHVV &\FOH 6WDWLVWLFV

3DQHO $� %DVHOLQH 6HDVRQDO 0RGHO

'\QDPLF &RUUHODWLRQV

9DULDEOHV
5HODWLYH

9RODWLOLW\
� ;��W� ZLWK ;��W�M� IRU M 

;� ;� � � � � �� �� ��

< < ���� ��� ��� ��� ���� ��� ��� ���

< & ��� ��� ��� ��� ��� ��� ��� ���

< , ���� ��� ��� ��� ��� ��� ��� ���

< Q ��� ��� ��� ��� ��� ��� ��� ���

< * ���� ��� ��� ��� ��� ��� ��� ���

Q <�Q ���� ��� ��� ��� ��� ��� ��� ���

3DQHO %� 'DWD )URP $VHDVRQDO $QDORJ RI 0RGHO LQ 3DQHO $

< < ���� ��� ��� ��� ���� ��� ��� ���

< & ��� ��� ��� ��� ��� ��� ��� ���

< , ���� ��� ��� ��� ��� ��� ��� ���

< Q ��� ��� ��� ��� ��� ��� ��� ���

< * ���� ��� ��� ��� ��� ��� ��� ���

Q <�Q ���� ��� ��� ��� ��� ��� ��� ���

3DQHO &� $OWHUQDWLYH 6HDVRQDO 0RGHO

< < ���� ��� ��� ��� ���� ��� ��� ���

< & ��� ��� ��� ��� ��� ��� ��� ���

< , ���� ��� ��� ��� ��� ��� ��� ���

< Q ��� ��� ��� ��� ��� ��� ��� ���

< * ���� ��� ��� ��� ��� ��� ��� ���

Q <�Q ���� ��� ��� ��� ��� ��� ��� ���

3DQHO '� 'DWD IURP $VHDVRQDO $QDORJ RI 0RGHO LQ 3DQHO &

< < ���� ��� ��� ��� ���� ��� ��� ���

< & ��� ��� ��� ��� ��� ��� ��� ���

< , ���� ��� ��� ��� ��� ��� ��� ���

< Q ��� ��� ��� ��� ��� ��� ��� ���

< * ���� ��� ��� ��� ��� ��� ��� ���

Q <�Q ���� ��� ��� ��� ��� ��� ��� ���

3DQHOV $ DQG & DUH EDVHG RQ DUWLILFLDO GDWD VLPXODWHG IURP WKH LQGLFDWHG PRGHOV DQG WKHQ VHDVRQDOO\ DGMXVWHG XVLQJ WKH &HQVXV ;��� SURFHGXUH LPSOHPHQWHG LQ

5$76
 (=;��� 3DQHOV % DQG ' DUH EDVHG RQ GDWD VLPXODWHG IURP DVHDVRQDO DQDORJV WR WKH PRGHOV XQGHUO\LQJ 3DQHOV $ DQG &� $OO GDWD ZHUH ORJJHG DQG KS�ILOWHUHG

SULRU WR FRPSXWLQJ WKH VWDWLVWLFV� 6HH WKH QRWHV WR 7DEOH � IRU IXUWKHU GLVFXVVLRQ RI WKH IRUPDW RI WKLV WDEOH�



7DEOH �� (IIHFW RI 6HDVRQDO $GMXVWPHQW RQ 6HOHFWHG %XVLQHVV &\FOH 6WDWLVWLFV 8VLQJ )LUVW�'LIIHUHQFH 'HWUHQGLQJ

,QVWHDG RI +3 )LOWHULQJ

3DQHO $� %DVHOLQH 6HDVRQDO 0RGHO

'\QDPLF &RUUHODWLRQV

9DULDEOHV
5HODWLYH

9RODWLOLW\
� ;��W� ZLWK ;��W�M� IRU M 

;� ;� � � � � �� �� ��

< < ���� ��� ��� ��� ���� ��� ��� ���

< & ���� ��� ���
���� ���

���� ��� ���

< , ���� ��� ��� ��� ��� ��� ��� ���

< Q ��� ��� ���
���� ��� ��� ��� ���

< * ���� ��� ��� ��� ���
���� ��� ���

Q <�Q ���� ��� ��� ���
���� ���

���� ����

3DQHO %� 'DWD )URP $VHDVRQDO $QDORJ RI 0RGHO LQ 3DQHO $

< < ���� ��� ��� ��� ���� ��� ��� ���

< & ���� ��� ���
���� ���

���� ���
����

< , ���� ��� ��� ��� ��� ��� ��� ���

< Q ���
���� ���

���� ��� ��� ��� ���

< * ���� ��� ���
���� ���

���� ���
����

Q <�Q ���� ��� ��� ���
���� ��� ��� ���

3DQHO &� $OWHUQDWLYH 6HDVRQDO 0RGHO

< < ���� ��� ��� ��� ���� ��� ��� ���

< & ���� ��� ��� ��� ���
���� ��� ���

< , ����
���� ��� ��� ��� ��� ��� ���

< Q ����
���� ���

���� ��� ��� ��� ���

< * ���� ��� ��� ��� ��� ��� ��� ���

Q <�Q ��� ��� ��� ���
���� ��� ��� ���

3DQHO '� 'DWD IURP $VHDVRQDO $QDORJ RI 0RGHO LQ 3DQHO &

< < ���� ��� ��� ��� ���� ��� ��� ���

< & ���� ��� ���
���� ���

���� ��� ���

< , ���� ��� ��� ��� ��� ��� ��� ���

< Q ���
���� ���

���� ��� ��� ��� ���

< * ���� ��� ��� ��� ���
���� ��� ���

Q <�Q ���� ��� ��� ���
���� ��� ��� ���

3DQHOV $ DQG & DUH EDVHG RQ DUWLILFLDO GDWD VLPXODWHG IURP WKH LQGLFDWHG PRGHOV DQG WKHQ VHDVRQDOO\ DGMXVWHG XVLQJ WKH &HQVXV ;��� SURFHGXUH LPSOHPHQWHG LQ

5$76
 (=;��� 3DQHOV % DQG ' DUH EDVHG RQ GDWD VLPXODWHG IURP DVHDVRQDO DQDORJV WR WKH PRGHOV XQGHUO\LQJ 3DQHOV $ DQG &� $OO GDWD ZHUH ORJJHG DQG ILUVW

GLIIHUHQFHG SULRU WR FRPSXWLQJ WKH VWDWLVWLFV� 6HH WKH QRWHV WR 7DEOH � IRU IXUWKHU GLVFXVVLRQ RI WKH IRUPDW RI WKLV WDEOH�



7DEOH $�� 6HDVRQDO 'HYLDWLRQV IURP 7UHQG � (VWDEOLVKPHQW YHUVXV (IILFLHQF\ +RXUV 'DWD
�

$YHUDJH 3HUFHQWDJH 'HYLDWLRQ E\ 4XDUWHU 'XPPLHV
 &RUUHODWLRQV

4� 4� 4� 4� 'XPPLHV


6WG� 'HY�

:LWK <

'XPPLHV

:LWK <�Q

'XPPLHV

Q� HVW ����� ��� ���� ���� ���� ��� ���

<�Q� HVW ����� ��� ����� ���� ���� ���

Q� HII ���� ��� ����� ���� ���� ��� ����

<�Q� HII ����� ���� ���� ���� ���� ���

�
+RXUV GDWD DUH GLVWLQJXLVKHG E\ VRXUFH� ³HVW´ PHDQV HVWDEOLVKPHQW VXUYH\ DQG ³HII´ PHDQV +DQVHQ
V ������ HIIHFWLYH

KRXVHKROG KRXUV� 6HH QRWHV WR 7DEOH � IRU IXUWKHU GHWDLOV�



60 70 80 90
0.22

0.24

0.26

0.28

Figure 1a: Preference Shock, τ

τ

time
50 60 70 80 90

-0.2

-0.1

0

0.1

0.2
Figure 1b: Technology Growth, λ 

λ

time

50 60 70 80 90
5.4

5.45

5.5

5.55

5.6

5.65

5.7

5.75
Figure 1c: Detrended gov't consumption (G/z)

G
 / 

z 

time



0 0.2 0.4 0.6 0.8 1
-10

-8

-6

-4

-2

frequency, divided by π

lo
g,

 S
pe

ct
ru

m

Figure 2a: Tastes, τ
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Figure 2b: Technology growth, λ
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