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4Xqlyhuvlw| Froohjh Orqgrq dqg HEUG
5LQUD0OHD dqg FHSUHPDS/ Sdulv
6Qx�hog Froohjh/ R{irug
6Wklv vxuyh| gudzv khdylo| iurp mrlqw zrun erwk zlwk Sdwulfn Erowrq/ Shwhu Krzlww/

Deklmlw Edqhumhh dqg Jldq Oxfd Ylrodqwh1 Zh duh sduwlfxoduo| judwhixo wr Wrq| Dwnlqvrq
iru pdq| lqvljkixo uhpdunv dqg iru gudzlqj rxu dwwhqwlrq wr qxphurxv uhohydqw slhfhv ri
zrun1 Zh dovr ehqh�wwhg iurp wkh frpphqwv ri Ehdwul} Duphqgdul}/ Urodqg Ehqderx/
Vwhyh Erqg/ Wkhr Hlfkhu/ Mxdq Dqwrqlr Jduf�ld0Glh}/ Mrq Whpsoh/ Vwhyh Uhgglqj/ Dqguhd
Ulfkwhu/ wkh hglwru +Mrkq PfPloodq, dqg wkh uhihuhhv1 Ilqdoo|/ zh zlvk wr wkdqn wkh _Frvw
ri Lqhtxdolw|% jurxs ri wkh Pf1Duwkxu Irxqgdwlrq dqg wkh Vfkrro ri Sxeolf Srolf| dw XFO
iru lqydoxdeoh lqwhoohfwxdo dqg �qdqfldo vxssruw1 Dq hduolhu yhuvlrq ri wklv vxuyh| zdv jlyhq
dv wkh Ud�dhoh Pdwwlrol Ohfwxuh lq O1 Erffrql Xqlyhuvlw|1
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Fhw duwlfoh sursrvh xqh uhyxh gh od olww�hudwxuh sruwdqw vxu ohv uhodwlrqv hq0

wuh lq�hjdolw�hv hw furlvvdqfh �hfrqrpltxh1 Gdqv xqh suhpl�huh sduwlh/ qrxv �hwxglrqv

o*lpsdfw ghv lq�hjdolw�hv gh ulfkhvvh vxu od g|qdpltxh gh furlvvdqfh1 Qrxv prq0

wurqv tx*xqh glvwulexwlrq lq�hjdoh ghv ulfkhvvhv shxw ahwuh qxlvleoh �d od furlvvdqfh/

hq sduwlfxolhu oruvtxh ohv pdufk�hv gh fdslwdx{ vrqw lpsduidlwv hw oruvtxh ohv djhqwv

vrqw k�hw�hurj�hqhv/ rx oruvtx*lo h{lvwh ghv olplwdwlrqv lqvwlwxwlrqqhoohv gdqv o*dff�hv �d

o*lqyhvwlvvhphqw1

Gdqv xqh vhfrqgh sduwlh qrxv �hwxglrqv o*lpsdfw gh od furlvvdqfh �hfrqrpltxh vxu

o*�hyroxwlrq ghv lq�hjdolw�hv gh vdodluhv1 Fhoohv0fl rqw hq h�hw frqvlg�hudeohphqw dxj0

phqw�h dx{ Hwdwv0Xqlv hw dx Ur|dxph0Xql ghsxlv oh g�hexw ohv dqq�hhv ;31 Qrxv frq0

foxrqv txh oh fkdqjhphqw whfkqltxh frqvwlwxh od fdxvh sulqflsdoh gh o*dxjphqwdwlrq

ghv lq�hjdolw�hv gh vdodluhv gdqv od phvxuh r�x ohv dqdo|vhv irqg�hhv vxu oh frpphufh lq0

whuqdwlrqdo rx oh fkdqjhphqw gdqv ohv iruphv g*rujdqlvdwlrq gx wudydlo qh wurxyhqw

ohxu sohlq srxyrlu h{solfdwli tx*xqh irlv dvvrfl�hhv �d o*lg�hh gh fkdqjhphqw whfkqltxh

eldlv�h1
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Lq wklv duwlfoh/ zh uhylhz wkh olwhudwxuh irfxvlqj rq wkh uhodwlrqvklsv ehwzhhq

lqhtxdolw| dqg hfrqrplf jurzwk1 Lq d �uvw vhfwlrq/ zh vwxg| wkh lpsdfw ri zhdowk

lqhtxdolw| rq wkh g|qdplfv ri jurzwk1 Zh vkrz wkdw zhdowk lqhtxdolw| pd| eh

edg iru jurzwk/ lq sduwlfxodu zkhq fdslwdo pdunhwv duh lpshuihfw dqg djhqwv duh

khwhurjhqrxv/ ru zkhq vrph djhqwv vx�hu iurp lqvwlwxwlrqdo olplwdwlrqv lq wkh

dffhvv wr lqyhvwphqw1

Lq d vhfrqg vhfwlrq zh vwxg| wkh lpsdfw ri hfrqrplf jurzwk xsrq wkh hyroxwlrq

ri zdjh lqhtxdolw|1 Wklv kdv vkduso| ulvhq lq wkh XV dqg wkh XN vlqfh wkh ehjlqqlqj

ri wkh 4<;3v1 Zh vxjjhvw wkdw whfkqlfdo fkdqjh kdv ehhq wkh pdmru vrxufh ri wklv ulvh

wkurxjk erwk gluhfw dqg lqgluhfw h�hfwv1 Lqghhg h{sodqdwlrqv edvhg rq lqwhuqdwlrqdo

wudgh ru rujdql}dwlrqdo fkdqjh fdq dffrxqw iru wkh revhuyhg ulvh lq zdjh lqhtxdolw|

rqo| zkhq frpelqhg zlwk vnloo0eldvhg whfkqlfdo fkdqjh1
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�?t|@?Uitc }hi@|ih �?i^�@*�|) 4@) hi_�Ui @? iUL?L4)<t h@|i Lu }hL�|��

A�i �44i_�@|i �4T*�U@|�L? Lu L�h @?@*)t�t �t |�@| hi_�t|h�M�|�L? U@? uLt�

|ih }hL�|�� OL�i�ihc |�i }hL�|� ThLUitt �t �?*�!i*) |L *i@�i �?i^�@*�|) �?�

U�@?}i_� A�i ^�it|�L? |�i? @h�tit Lu ��i|�ih |��t uii_M@U! Uhi@|it @ ��h|�L�t

U�hU*ic �? ���U� hi_�t|h�M�|��i TL*�U) U@? Mi �ti_ |L hi_�Ui �?i^�@*�|)c ���U�

�? |�h? �L�*_ @UUi*ih@|i }hL�|� @?_ |�ihiM) @�|L4@|�U@**) �?_�Ui u�h|�ih

hi_�U|�L?t �? �?i^�@*�|)� �h L? |�i UL?|h@h)c _Lit }hL�|� �?�|�@|i @ ��U�L�t

U�hU*i MiU@�ti �| tTL?|@?iL�t*) �?Uhi@tit �?i^�@*�|)c |�ihiuLhi U@**�?} uLh Tih�

4@?i?| hi_�t|h�M�|��i igLh|tq A�i i@h*) *�|ih@|�hi L? |�i i�L*�|�L? Lu �?UL4i

�?i^�@*�|) L�ih |�i ThLUitt Lu _i�i*LT4i?| �ti_ |L Mi _L4�?@|i_ M) |�i tL�

U@**i_ k�3?i|t �)TL|�it�tS� Nt�?} ML|� UhLtt�UL�?|h) _@|@ @?_ |�4i tih�itc

5�4L? k�3?i|t E�bS�� uL�?_ @? �?�ih|i_ 8�t�@Ti_ hi*@|�L? Mi|�ii? �?UL4i

�?i^�@*�|) @?_ B�� Tih �i@_� A��t hit�*| �@t �?|ihThi|i_ @t _itUh�M�?} |�i

i�L*�|�L? Lu |�i _�t|h�M�|�L? Lu �?UL4i L�ih |�i |h@?t�|�L? uhL4 @ h�h@* |L

@? �?_�t|h�@* iUL?L4)G �?UL4i �?i^�@*�|) t�L�*_ �?Uhi@ti _�h�?} |�i i@h*)

t|@}it Lu _i�i*LT4i?| E_�i |L �hM@?�3@|�L? @?_ �?_�t|h�@*�3@|�L?� @?_ _i�

Uhi@ti *@|ih L? E@t �?_�t|h�it �L�*_ @*hi@_) @||h@U| @ *@h}i uh@U|�L? Lu |�i

h�h@* *@MLh uLhUi�� �?_ �?_ii_c �? |�i N5 |�i t�@hi Lu |L|@* �i@*|� L�?i_

M) |�i �f Tih Ui?| h�U�it| �L�ti�L*_t hLti uhL4 Df TihUi?| @hL�?_ �..fc |L

@ML�| .D TihUi?| @hL�?_ �H.fc @?_ |�i? hiUii_i_ M@U! |L Df TihUi?| �? �b.f�

NT |L |�i �b.ftc |�i k�3?i|t �)TL|�it�t tii4i_ |L @UUL�?| uLh |�i i Tih��

i?Ui ?L| L?*) Lu |�i N5 M�| @*tL Lu 4Lt| Lu |�i �,�# UL�?|h�itc. ��ihi |�ihi

9Vhh Nx}qhwv +4<88, dqg +4<96,1
:Wkh hylghqfh wkdw jurzwk jhqhudwhv kljkhu lqhtxdolw| lq ohvv0ghyhorshg frxqwulhv lv

ohvv fohdu0fxw1Wkh uhohydqfh ri wkh Nx}qhwv* fxuyh iru ghyhorslqj frxqwulhv zdv fkdoohqjhg
pruh wkdq wzhqw| |hduv djr e| dxwkruv vxfk dv Lupd Dghopdq dqg F|qwkld Pruulv +4<:6,1
Vxgklu Dqdqg dqg Udyl Ndqexu +4<<6, suhvhqw dq dffrxqw ri wklv olwhudwxuh1

D



@TTi@hi_ |L Mi @ ��h|�L�t U�hU*iG *L�ih �?i^�@*�|) �L�*_ uLt|ih }hL�|�c ���U�

�? |�h? �L�*_ hi_�Ui �?i^�@*�|)� OL�i�ihc |�i _L�?�@h_ |hi?_ �? �?i^�@*�|)

i Tih�i?Ui_ M) |�iti iUL?L4�it _�h�?} |�i 2f|� Ui?|�h) �@t hi�ihti_ t�@hT*)

�? hiUi?| |�4it� W? T@h|�U�*@hc |�i T@t| �u|ii? )i@ht �@�i ��|?itti_ @ t�}?�u�

�U@?| �?Uhi@ti �? �@}i �?i^�@*�|)� 6Lh i @4T*ic _�h�?} |�i �bHftc |�i h@|�L

Lu |�i bf|� |L |�i �f|� TihUi?|�*i Lu |�i 4@*i �@}i _�t|h�M�|�L? �?Uhi@ti_ M)

2.I �? |�i Nk @?_ M) �HI �? |�i N5�H

W? |�i *�}�| Lu |�i hiUi?| i��_i?Uic ?i� |�iLh�it @hi ?ii_i_ |L �?_iht|@?_

|�i �4T@U| Lu }hL�|� �TL? �?i^�@*�|)� ,UL?L4�U }hL�|� _�h�?} |�i T@t|

|�i?|) )i@ht �@t Mii? U*Lti*) @ttLU�@|i_ ��|� |�hii T�i?L4i?@G |h@_i *�Mih�

@*�3@|�L?c |iU�?�U@* U�@?}ic @?_ |�i i4ih}i?Ui Lu ?i� Lh}@?�3@|�L?@* uLh4t�

A�i tiUL?_ T@h| Lu |�i t�h�i) ��** @?@*)3i |�i �@) �? ���U� |�iti |�hii u@U�

|Lht 4�}�| @giU| �?i^�@*�|)c @?_c �? T@h|�U�*@hc �L� |�i) 4@) @UUL�?| uLh |�i

@Mti?Ui Lu @ ��h|�L�t U�hU*i Mi|�ii? �?i^�@*�|) @?_ }hL�|��

A�i |�L T@h|t Lu |�i t�h�i) @hi UL?Uih?i_ ��|� _�gihi?| UL?UiT|t Lu �?�

i^�@*�|)� A�i �ht| T@h| UL?Ui?|h@|it L? �i@*|� �?i^�@*�|)c ���*t| |�i tiUL?_

uLU�tit L? �@}i �?i^�@*�|)� A��t U�L�Ui Lu uLU�t �t M) ?L 4i@?t @hM�|h@h)�

6�ht|c ��i? *LL!�?} @| |�i igiU|t Lu �?i^�@*�|) L? }hL�|�c �i @hi Th�4@h�*)

�?|ihit|i_ �? |�i �@)t �? ���U� R_�t|h�M�|�L?� U@? @giU| @}}hi}@|i L�|T�|

@?_ }hL�|� |�hL�}� �|t �4T@U| L? �?_���_�@* �?�it|4i?|t �? ��4@? Lh T�)t�

�U@* U@T�|@*� `�@| �t hi*i�@?| |�i? �t |�i _�t|h�M�|�L? Lu �i@*|�c ?L 4@||ih

��i|�ih |��t �i@*|� hit�*|t uhL4 |�i @UU�4�*@|�L? Lu *@MLh i@h?�?}t Lh U@T��

|@* �?UL4i� 5iUL?_c ��i? *LL!�?} @| |�i igiU|t Lu }hL�|� L? �?i^�@*�|)c L?i

4@) �@?| |L _�t|�?}��t� @ Th�Lh� Mi|�ii? U�@?}it �? *@MLh i@h?�?}t @?_ L|�ih

tL�hUit Lu �?UL4i� �L?Ui?|h@|�?} L? |�i uLh4ih h@|�ih |�@? L? �L�ti�L*_ �?�

UL4i @**L�t �t |L @Mt|h@U| uhL4 U�@?}it �? hi_�t|h�M�|��i TL*�U�itc �? �?|ihit|

h@|it Lh �? T@||ih?t Lu �L�ti�L*_ uLh4@|�L?�b

;Vhh RHFG Hpsor|phqw Rxworrn +4<<6,/ sdjhv 940951
<Vhh Iudq�frlv Erxujxljqrq +4<<;, dqg Jdu| Exuwohvv +4<<;,1

S



2 Wt W?i^�@*�|) �*�@)t BLL_ uLh BhL�|�q

2�� �i� i��_i?Ui @?_ L*_ |�iLh�it

A�i �bbft �@�i ��|?itti_ @ hit�h}i?Ui Lu |�i �?|ihit| �? |�i _i|ih4�?@?|t

Lu iUL?L4�U }hL�|�� A�i _i�i*LT4i?| Lu i?_L}i?L�t }hL�|� |�iLh) @?_

|�i @�@�*@M�*�|) Lu UL4T@h@M*i _@|@ L? ?@|�L?@* �?UL4it @?_ }hL�|� h@|it

uLh @ *@h}i UhLtt�tiU|�L? Lu UL�?|h�itc �@t Tih4�||i_ |�i i4T�h�U@* @?@*)t�t Lu

|�i U@�tit Lu ?@|�L?@* _�gihi?Uit �? }hL�|� h@|it� `�|��? |��t �@t| *�|ih@�

|�hic ti�ih@* t|�_�it �@�i i @4�?i_ |�i �4T@U| Lu �?i^�@*�|) �TL? iUL?L4�U

}hL�|�� A�i T�U|�hi |�i) _h@� �t �4Thitt��i*) �?@4M�}�L�t t�?Ui |�i) @**

t�}}it| |�@| }hi@|ih �?i^�@*�|) hi_�Uit |�i h@|i Lu }hL�|���f 5�U� @ hit�*|

UL4it @t @ t�hTh�ti ML|� ��|� hi}@h_ |L |h@_�|�L?@* |�iLh�it �? |�i �i*_ @?_

|L |�i U�@??i*t |�hL�}� ���U� �?i^�@*�|) 4�}�| @giU| |�i }hL�|� ThLUitt�

A�i i��_i?Ui L? �?i^�@*�|) @?_ }hL�|� uL**L�t ��@| �@t M) ?L� MiUL4i

|�i t|@?_@h_ @TThL@U� |L UhLtt�UL�?|h) UL4T@h�tL?t Lu |�i _i|ih4�?@?|t Lu

}hL�|�� A�i @�ih@}i @??�@* h@|i Lu }hL�|� Lu Tih U@T�|@ B#� L�ih |�i Ti�

h�L_ �bSf��bHD �t hi}hitti_ L? @ ti| Lu i T*@?@|Lh) �@h�@M*it @| |�i t|@h| Lu

|�i Tih�L_ E��i� @hL�?_ �bSf� �? Lh_ih |L @ttitt |�i�h hi*@|��i UL?|h�M�|�L? |L

}hL�|�� A�i �@h�L�t t|�_�it _i@*�?} ��|� |�i �4T@U| Lu �?i^�@*�|) @hi UL?t�t�

|i?| �? ML|� |�i _@|@�� @?_ |�i 4i|�L_L*L}) �ti_� A�i �?_ih*)�?} |�iLh) �t

|�@| �i@*|� �?i^�@*�|) _i|ih4�?it �?�it|4i?| �? T�)t�U@* Lh ��4@? U@T�|@*c

���U� �? |�h? @giU|t |�i *L?}�h�? }hL�|� h@|i� N?uLh|�?@|i*)c |�i @Mti?Ui Lu

_@|@ L? |�i _�t|h�M�|�L? Lu �i@*|� uLh @ t��U�i?| ?�4Mih Lu UL�?|h�it uLhUit

hiti@hU�iht |L �ti ThL �it �? i4T�h�U@* t|�_�it� A�i 4Lt| UL44L? @TThL@U�

�t |L �ti _@|@ L? �?UL4i �?i^�@*�|) @t @ ThL ) uLh �i@*|� �?i^�@*�|)� W| �t

}i?ih@**) @h}�i_ |�@| |��t �t �?*�!i*) |L Mi @ 4@�Lh ThLM*i4 t�?Ui ML|� 4i@�

t�hit Lu _�t|h�M�|�L? }i?ih@**) �@h) |L}i|�ih �? UhLtt�tiU|�L?t� �*|ih?@|��i*)c

|�i |h�i _�t|h�M�|�L? Lu �i@*|� �t tL4i|�4it ThL �i_ M) |�i _�t|h�M�|�L? Lu

*@?_��2

43Vhh Doehuwr Dohvlqd dqg Gdql Urgulfn +4<<7,/ Urehuwr Shurwwl +4<<5> 4<<6> 4<<9,/
Wruvwhq Shuvvrq dqg Jxlgr Wdehoolql +4<<7,1

44Wkh gdwd xvhg duh wkh Zruog Edqn gdwd rq shuvrqdo lqfrph glvwulexwlrq dqg wkh
Vxpphuv0Khvwrq gdwd vhw rq qdwlrqdo lqfrphv1

45Shurwwl +4<<9, lv dq h{dpsoh ri wkh �uvw dssurdfk/ zkloh Dohvlqd dqg Urguln +4<<7,
xvh wkh vhfrqg rqh1

.



+i_�Ui_�uLh4 i^�@|�L?t @hi |�i? it|�4@|i_c �? ���U� |�i @�ih@}i h@|i Lu

}hL�|� Lu B#� �t hi}hitti_ L? @ 4i@t�hi Lu �?i^�@*�|) @hL�?_ �bSf� A�i)

@** }��i UL?t�t|i?| hit�*|t� �*Mih|L �*it�?@ @?_ #@?� +L_h�! E�bbe� hi}hitt

|�i @�ih@}i }hL�|� h@|i L�ih �bSf��bHD L? |�i B�?� ULi�U�i?| Lu �?UL4i @?_

Lu *@?_ @hL�?_ �bSf� A�i it|�4@|i_ ULi�U�i?|t �4T*) |�@| ML|� �@h�@M*it

�@�i @ ?i}@|��i �4T@U| L? }hL�|�c i�i? ��i? UL?|hL**�?} uLh |�i �?�|�@* Tih

U@T�|@ �?UL4i @?_ uLh |�i Th�4@h)�tU�LL* i?hL*4i?| h@|�L �? �bSf� Bhi@|ih

�?i^�@*�|) �? |�i _�t|h�M�|�L?t Lu �?UL4i @?_ *@?_ |��t @TTi@ht |L t*L� _L�?

iUL?L4�U }hL�|�� 5)44i|h�U@**)c i^�@*�|) tii4t |L Mi }hL�|��i?�@?U�?}�

ALht|i? �ihttL? @?_ B��_L A@Mi**�?� E�bbe� hi}hitt |�i @�ih@}i }hL�|� h@|i

Lu B#� L�ih |�i t@4i Tih�L_ L? |�i �?UL4i t�@hi @UUh��?} |L |�i |��h_ ^��?�

|�*i Lu |�i �?UL4i _�t|h�M�|�L? uLh @ UhLtt�tiU|�L? Lu _i�i*LTi_ @?_ _i�i*LT�?}

UL�?|h�it� A��t �@h�@M*i hiThiti?|t |�i �?UL4i t�@hi Lu |�i 4�__*i U*@tt @?_

�t |��t UL?t�_ihi_ |L Mi @ 4i@t�hi Lu i^�@*�|) �? |�i �?_ih*)�?} _�t|h�M�|�L?�

W|t �4T@U| L? }hL�|� �t TLt�|��ic t�}?��U@?|c @?_ hLM�t| |L |�i �?|hL_�U|�L?

Lu L|�ih i T*@?@|Lh) �@h�@M*it� �ihttL? @?_ A@Mi**�?� @*tL �?_ @ TLt�|��i

igiU| Lu |�i�h 4i@t�hi Lu i^�@*�|) L? }hL�|� �t�?} |�4i tih�it _@|@ uLh b _i�

�i*LTi_ iUL?L4�it L�ih |�i Tih�L_ �H�f��bHD� 5�4�*@h hit�*|t @hi LM|@�?i_ M)

+LMih|L �ihL||� E�bbS� uLh @ *@h}ih UhLtt�tiU|�L? Lu UL�?|h�it� A@M*i �c UL*�

�4? �c hiTLh|t @ hi_�Ui_�uLh4 i^�@|�L? �? ���U� |�i @�ih@}i h@|i Lu }hL�|�

�t hi}hitti_ L? |�i 4Lt| t|@?_@h_ hi}hittLht �? |�i }hL�|� *�|ih@|�hi ETih

U@T�|@ B#�c |�i @�ih@}i )i@ht Lu tiUL?_@h) tU�LL*�?} �? |�i 4@*i @?_ |�i

ui4@*i TLT�*@|�L?c @?_ |�i �@*�i Lu |�i �?�it|4i?| _i�@|Lh @t @ ThL ) uLh

4@h!i| _�t|Lh|�L?t� @?_ L? @ 4i@t�hi Lu |�i t�3i Lu |�i 4�__*i U*@ttc �W#c

H



_i�?i_ @t |�i �?UL4i t�@hi Lu |�i |��h_ @?_ uL�h|� ^��?|�*it���

A@M*i � �ihi

W? @__�|�L? |L |�i i��_i?Ui |�@| @ 4Lhi i^�@* �?UL4i _�t|h�M�|�L? �t Mi?�

i�U�@* |L }hL�|�c |�i i4T�h�U@* *�|ih@|�hi @*tL ThL��_it �?t�}�|t @t |L |�i

U�@??i*t |�hL�}� ���U� �?i^�@*�|) @giU|t iUL?L4�U }hL�|�� �ihL||� E�bb2�

i4T�@t�3it |�i hL*i Lu Uhi_�| UL?t|h@�?|t� Nt�?} |�i *L@?�|L��@*�i h@|�L uLh

_L4it|�U 4Lh|}@}it @t @ ThL ) uLh Uhi_�| @�@�*@M�*�|)c �i �?_t |�@| }hi@|ih

Uhi_�| @�@�*@M�*�|) �@t @ TLt�|��i @?_ t�}?��U@?| igiU| L? |�i }hL�|� h@|i�

�LhiL�ihc @t |�i �?UL4i t�@hi Lu |�i *L�it| |�L ^��?|�*it _iUhi@tit �|�@|

�tc @t �?i^�@*�|) h�tit� |�i �4T@U| Lu Uhi_�| @�@�*@M�*�|) L? }hL�|� �?Uhi@tit�

5�4�*@h*)c |�i ?i}@|��i igiU| Lu �?i^�@*�|) L? T�)t�U@* U@T�|@* �?�it|4i?| �t

i?�@?Ui_ M) Uhi_�| uh�U|�L?t� �|�ih i4T�h�U@* t|�_�it �@�i T�| uLh�@h_ |�i

hL*i Lu 4@UhLiUL?L4�U �L*@|�*�|) @t |�i |h@?t4�tt�L? 4iU�@?�t4 Mi|�ii? �?�

i^�@*�|) @?_ }hL�|�� W?UL4i �?i^�@*�|) �t uL�?_ |L Mi TLt�|��i*) ULhhi*@|i_

��|� �L*@|�*�|)c 4i@t�hi_ M) |�i t|@?_@h_ _i��@|�L? Lu |�i @??�@* h@|i Lu

}hL�|� Lu B#���e �hLtt�UL�?|h) hi}hitt�L?t @*tL �?_ |�@| }hi@|ih �L*@|�*�|)

Lu |�i }hL�|� h@|i UL?t�t|i?|*) hi_�Uit |�i @�ih@}i h@|i Lu }hL�|� _�h�?}

|�@| Tih�L_� A��t �t T@h|*) _�i |L �|t _i|ihh�?} igiU| L? T�)t�U@* @?_ ��4@?

U@T�|@* �?�it|4i?|��D

�? LM��L�t ^�it|�L? |�i? @h�titG U@? |�i ?i}@|��i �4T@U| Lu �?i^�@*�|) L?

}hL�|� Mi hi_�Ui_ M) hi_�t|h�M�|�L?q `�**�@4 ,@t|ih*) @?_ 5ih}�L +iMi*L

E�bb�� i @4�?i |�i �4T@U| Lu �tU@* TL*�U) L? }hL�|� uLh @ *@h}i UhLtt�tiU|�L?

46Wklv furvv0frxqwu| hylghqfh kdv ehhq uhfhqwo| fulwlfl}hg e| Nulvwlq Iruehv +4<<;,1
Xvlqj sdqho gdwd iru d furvv0vhfwlrq ri frxqwulhv/ Iruehv �qgv d srvlwlyh uhodwlrqvkls eh0
wzhhq lqhtxdolw| dqg jurzwk1 Khu dqdo|vlv suhvhqwv/ krzhyhu/ wkuhh sureohpv1 Iluvw/ wkh
Duhoodqr0Erqg Jhqhudol}hg Phwkrg ri Prphqwv xvhg uhvxowv lq h{fhvvlyho| vpdoo vwdqgdug
huuruv zkhq wkh vdpsoh lv vpdoo/ fdvwlqj grxew ryhu wkh vljql�fdqfh ri khu frh�flhqwv +vhh
Ulfkdug Eoxqghoo dqg Vwhskhq Erqg/ 4<<;,1 Vhfrqg/ wkh dvvxphg odj vwuxfwxuh 0lqhtxdolw|
wrgd| d�hfwv jurzwk lq �yh0|hduv* wlph0 lv dg krf1 Wklugo|/ lq rughu wr rewdlq d srvlwlyh
dqg vljql�fdqw frh�flhqw/ Iruehv qhhgv wr uhvwulfw wkh gdwd rq lqhtxdolw| wr wkh vr0fdoohg
_kljk0txdolw|% vxevhw frpslohg e| Ghlqlqjhu dqg Vtxluh +4<<9,1 Dqwkrq| Dwnlqvrq dqg
Dqguhd Eudqgrolql +4<<<, vkrz wkdw wkh fulwhuld xvhg wr frqvwuxfw wklv vxevhw duh lqds0
sursuldwh dqg wkdw wkhuh lv qr uhdvrq wr h{foxgh rwkhu frxqwulhv iurp wkh dqdo|vlv1

47Vhh Ulfdqgr Kdxvvpdqq dqg Plfkdho Jdylq +4<<9, dqg Ulfkdug Euhhq dqg Fhflold
Jduf�ld0Sh�qdorvd +4<<;,1

48Vhh Jduh| Udph| dqg Ydohulh Udph| +4<<8,/ Kdxvpdqq dqg Jdylq +4<<9, dqg Lqwhu0
Dphulfdq Ghyhorsphqw Edqn +4<<8,1

b



Lu _i�i*LTi_ @?_ _i�i*LT�?} UL�?|h�it� Nt�?} 4i@t�hit Lu hi_�t|h�M�|�L? t�U�

@t |�i 4@h}�?@* @?_ @�ih@}i |@ h@|it @?_ _�gihi?| |)Tit Lu tLU�@* tTi?_�?}c

|�i) �?_ |�@| hi_�t|h�M�|�L? �@tc �u @| @**c @ TLt�|��i igiU| L? }hL�|� h@|it�

A�iti hit�*|t @hi t|h�!�?} �? |�@| |�i) UL?|h@_�U| |�i |h@_�|�L?@* ��i�c _�t�

U�tti_ Mi*L�c |�@| hi_�t|h�M�|�L? �t �@h4u�* uLh }hL�|�� �Lhi hiUi?| �Lh!

M) �ihL||� E�bbS� _�tT*@)t t�4�*@h hit�*|t� Oi it|�4@|it @ |�L�t|@}i *i@t|

t^�@hit }hL�|� hi}hitt�L? �? ���U� �tU@* TL*�U) �@h�@M*it @hi i?_L}i?L�t*)

_i|ih4�?i_ M) �?i^�@*�|)� +i_�t|h�M�|�L?c 4i@t�hi_ M) |�i 4@h}�?@* |@ h@|i

@TTi@ht |L �@�i @ TLt�|��i @?_ t�}?��U@?| �4T@U| �TL? iUL?L4�U }hL�|�c @t

�i U@? tii �? UL*�4? 2 Lu A@M*i �� �@t�@* i��_i?Ui uhL4 _i�i*LT�?} UL�?|h�it

@*tL TL�?|t |L |�i u@U| |�@| hi_�t|h�M�|�L? �? |�i uLh4 Lu *@?_ Lh i_�U@|�L?

hiuLh4 �@t T*@)i_ @? �4TLh|@?| hL*i �? uLt|ih�?} iUL?L4�U }hL�|���S

�hLtt�UL�?|h) }hL�|� hi}hitt�L?t �@�i Mii? |�i t�M�iU| Lu Uh�|�U�t4 _�i |L

|�i�h @_ �LU tTiU��U@|�L? @?_ |�i uh@}�*�|) Lu 4@?) Lu |�i hit�*|t��. OL�i�ihc

hiUi?| i4T�h�U@* i��_i?Ui ThL��_itc @| �Lht|c i?L�}� hi@tL?t |L U@t| _L�M|

L�ih |�i �@*�_�|) Lu |h@_�|�L?@* |�iLh�it Lu |�i �?��i?Ui Lu �?i^�@*�|) @?_ hi�

_�t|h�M�|�L? �TL? }hL�|�� A�iti |�iLh�it 4@�?|@�?i_ |�@| �?i^�@*�|) t�L�*_c

�u @| @**c �@�i @ t|�4�*@|�?} igiU| L? U@T�|@* @UU�4�*@|�L? @?_ }hL�|��

A�i ��i� |�@| �i@*|� �?i^�@*�|) t�L�*_ Mi }hL�|��i?�@?U�?} �t M@ti_ L?

|�hii @h}�4i?|t� 6�ht| UL4it k@*_Lh<t �)TL|�it�t |�@| |�i 4@h}�?@* ThLTi?�

t�|) |L t@�i Lu |�i h�U� �t ��}�ih |�@? |�@| Lu |�i TLLh� Wu |�i }hL�|� h@|i Lu

B#� �t _�hiU|*) hi*@|i_ |L |�i ThLTLh|�L? Lu ?@|�L?@* �?UL4i |�@| �t t@�i_c

4Lhi �?i^�@* iUL?L4�it @hi ML�?_ |L }hL� u@t|ih |�@? iUL?L4�it U�@h@U�

|ih�3i_ M) @ 4Lhi i^��|@M*i _�t|h�M�|�L? Lu �?UL4i� aLtiT� 5|�}*�|3 E�bSb�

uLh4@*�3i_ |��t @h}�4i?| �? @ 5L*L� }hL�|� 4L_i*c t�L��?} |�@| ��|� @ *�?�

i@h t@��?} u�?U|�L?c @}}hi}@|i Mi�@��Lh �t �?_iTi?_i?| Lu |�i _�t|h�M�|�L?�

6h@?
UL�t �L�h}��}?L? E�bH�� �i?| L?i t|iT u�h|�ih @?_ t�L�i_ |�@| ��|� @

UL?�i t@��?}t u�?U|�L?c @}}hi}@|i L�|T�| _Lit _iTi?_ L? |�i �?�|�@* _�t|h�M��

|�L? @?_ �t ��}�ih @*L?} |�i 4Lhi �?i^�@* t|i@_)�t|@|i� `�i? UL4M�?i_ ��|�

@? �k ThL_�U|�L? u�?U|�L?c |��t *i@_t |L |�i Thi_�U|�L? |�@| 4Lhi �?i^�@*

49Wklv kdv ehhq vshfldoo| vr lq wkh fdvh ri wkh Hdvw Dvldq hfrqrplhv1 Vhh Zruog Edqn
+4<<6,1

4:Mrqdwkdq Whpsoh +4<<<, glvfxvvhv lq ghwdlo wkh sureohpv ri furvv0frxqwu| uhjuhvvlrqv
dqg surylghv dq dvvhvphqw ri zk| wkh| duh qhyhuwkhohvv d srzhuixo wrro1

�f



iUL?L4�it ��** }hL� u@t|ih�

� tiUL?_ hi@tL? ��) �?i^�@*�|) 4@) i?�@?Ui }hL�|� �@t |L _L ��|� �?�

�it|4i?| �?_���t�M�*�|�itG �?�it|4i?| ThL�iU|tc �? T@h|�U�*@h |�i ti||�?} �T

Lu ?i� �?_�t|h�it Lh |�i �4T*i4i?|@|�L? Lu �??L�@|�L?tc Lu|i? �?�L*�i *@h}i

t�?! ULt|t� W? |�i @Mti?Ui Lu @ MhL@_ @?_ �i**�u�?U|�L?�?} 4@h!i| uLh t�@hitc

�i@*|� LM��L�t*) ?ii_t |L Mi t��U�i?|*) UL?Ui?|h@|i_ �? Lh_ih uLh @? �?_��

��_�@* ELh @ u@4�*)� |L Mi @M*i |L UL�ih t�U� *@h}i t�?! ULt|t @?_ |�ihiM)

�?�|�@|i @ ?i� �?_�t|h�@* @U|���|)��H

w@t|*)c |�i �_i@ |�@| |�ihi �t ?iUitt@h�*) @ |h@_i�Lg Mi|�ii? ThL_�U|��i

i�U�i?U) @?_ i^�@*�|) �t M@ti_ L? �?Ui?|��i UL?t�_ih@|�L?tc �ht| uLh4@*�3i_

M) a@4it ��hh*iit E�b.��� �@4i*)c �? @ 4Lh@* �@3@h_ UL?|i | ��ihi L�|T�|

_iTi?_t L? |�i �?LMtih�@M*i igLh| MLh?i M) @}i?|t Lh Ri4T*L)iit�c hi�@h_�

�?} |�i i4T*L)iit ��|� @ UL?t|@?| �@}i �?_iTi?_i?| uhL4 E|�i LMtih�@M*i�

L�|T�| TihuLh4@?Uic ��** LM��L�t*) _�tUL�h@}i |�i4 uhL4 �?�it|�?} @?) igLh|�

�? |�i L|�ih �@?_c 4@!�?} |�i hi�@h_ |LL ti?t�|��i |L L�|T�| TihuLh4@?Ui

4@) @*tL Mi �?i�U�i?| uhL4 @? �?t�h@?Ui TL�?| Lu ��i� ��i? L�|T�| hi@*�3@�

|�L?t @hi ��}�*) �?Uih|@�? @?_ |�i i4T*L)iit @hi h�t! @�ihti��b

A�i M@t�U �?Ui?|��i @h}�4i?| U@hh�it L�ih |L |�i @}}hi}@|i iUL?L4) ��i?

@}i?|t @hi �_i?|�U@* @?_%Lh U@T�|@* 4@h!i|t @hi TihuiU|c @t t�L�? M) +iMi*L

E�bb��� W? @ +@4ti)��@tt�kLLT4@?t }hL�|� 4L_i* ��|� TihuiU| U@T�|@*

4@h!i|tc |�i h@|i Lu }hL�|� Lu �?_���_�@* UL?t�4T|�L? �t }��i? M)

} '
o � 4

j
c

��ihi 4 �t |�i �?|ih|i4TLh@* _�tUL�?| h@|ic o |�i @u|ih�|@ �?|ihit| h@|i @?_

j |�i �?|ih|i4TLh@* i*@t|�U�|) Lu t�Mt|�|�|�L?� Wu @** @}i?|t �@�i |�i t@4i

Thiuihi?Ui T@h@4i|ihtc |��t i Thitt�L? �t @*tL |�i @}}hi}@|i h@|i Lu }hL�|��

�) 4@!�?} |�i @u|ih�|@ h@|i Lu �?|ihit| t4@**ihc }hi@|ih |@ @|�L? hi_�Uit

|�i hi|�h? |L t@��?}c |��t *L�ih�?} |�i �?Ui?|��it |L @UU�4�*@|i U@T�|@* @?_

�i?Ui |�i h@|i Lu }hL�|��

4;Wklv lvvxh kdv ehhq uhfhqwo| hpskdvl}hg e| srolf| dgylvhuv wr wudqvlwlrq hfrqrplhv lq
Fhqwudo dqg Hdvwhuq Hxursh dqg wkh iruphu Vrylhw Xqlrq1

4<Fdqlfh Shqghujdvw +4<<<, vxuyh|v wkh olwhudwxuh rq wkh surylvlrq ri lqfhqwlyhv/ dqg
glvfxvvhv wkh wudgh ri ehwzhhq ulvn dqg lqfhqwlyhv1

��



A�i |h@_�|�L?@* ��i� �? iUL?L4�U |�iLh) �t |�i? |�@| |�ihi �t @ u�?_@�

4i?|@* |h@_i�Lg Mi|�ii? ThL_�U|��i i�U�i?U) E@?_%Lh }hL�|�� @?_ tLU�@*

��t|�Ui� +i_�t|h�M�|�L? �@t ML|� @? �?_�hiU| igiU| L? }hL�|�� �? |�i L?i

�@?_c �| hi_�Uit _�gihi?Uit �? �?UL4i @?_ �i@*|�c @?_ �i?Ui *L�iht |�i h@|i

Lu }hL�|�� �? |�i L|�ihc �| �@t @ _�hiU| ?i}@|��i igiU| @t �?UL4i hi_�t|h��

M�|�L? |�@| �t �?@?Ui_ |�hL�}� @? �?UL4i |@ _�4�?�t�it |�i �?Ui?|��it |L

@UU�4�*@|i �i@*|��2f

��ih@**c |�i ��i� |�@| �?i^�@*�|) �t ?iUitt@h) uLh @UU�4�*@|�L? @?_ |�@|

hi_�t|h�M�|�L? �@h4t }hL�|� �t @| L__t ��|� |�i i4T�h�U@* i��_i?Ui t�44@�

h�3i_ @ML�i� � TLtt�M*i i T*@?@|�L?c T�| uLh�@h_ M) �*it�?@ @?_ +L_h�!

E�bbe� @?_ �ihttL? @?_ A@Mi**�?� E�bbe�c UL4M�?it TL*�|�U@* iUL?L4) @h}��

4i?|t ��|� |�i |h@_�|�L?@* ?i}@|��i �?Ui?|��i igiU| Lu hi_�t|h�M�|�L?� A�iti

@�|�Lht 4@�?|@�? |�@| �?i^�@*�|) @giU|t |@ @|�L? |�hL�}� |�i TL*�|�U@* ThL�

Uitt ��i? �?_���_�@*t @hi @**L�i_ |L �L|i �? Lh_ih |L U�LLti |�i |@ h@|i ELhc

i^���@*i?|*)c �L|i |L i*iU| @ }L�ih?4i?| ��Lti ThL}h@4 �?U*�_it @ Uih|@�?

hi_�t|h�M�|��i TL*�U)�� Wu �?i^�@*�|) _i|ih4�?it |�i i |i?| Lu hi_�t|h�M�|�L?c

�| ��** |�i? �@�i @? �?_�hiU| igiU| L? |�i h@|i Lu }hL�|� Lu |�i iUL?L4)� W?

}i?ih@*c �i �L�*_ i TiU| |�@| �? �ih) �?i^�@* tLU�i|�itc 4Lhi Lu �L|iht Thiuih

��}� hi_�t|h�M�|�L? |�@? �? 4Lhi i^�@* tLU�i|�it� Wu hi_�t|h�M�|�L? hi_�Uit |�i

�?Ui?|��it |L �?�it|c @?_ �i?Ui |�i }hL�|� h@|ic |�i? 4Lhi i^�@* tLU�i|�it

�L�*_ }hL� u@t|ih�

�*|�L�}� �| @UUL�?|t uLh |�i ?i}@|��i ULhhi*@|�L? Mi|�ii? �?i^�@*�|) @?_

}hL�|� uL�?_ M) hi_�Ui_�uLh4 i^�@|�L?tc |�i TL*�|�U@* iUL?L4) @TThL@U� �t

?L| u�**) t�TTLh|i_ M) |�i _@|@� W| �4T*�it |�@| }hi@|ih �?i^�@*�|) �?Uhi@tit

|�i i |i?| Lu hi_�t|h�M�|�L?c ���U� �? |�h? �@t @ _�hiU| ?i}@|��i igiU| L?

iUL?L4�U }hL�|�� �t TL�?|i_ L�| i@h*�ihc hi_�t|h�M�|�L? �t uL�?_ |L �@�i @

TLt�|��i h@|�ih |�@? ?i}@|��i �?��i?Ui L? }hL�|�� �LhiL�ihc ��i? 4i@t�hit

Lu hi_�t|h�M�|�L? t�U� @t |@ h@|it Lh |�i i |i?| Lu tLU�@* tTi?_�?} @hi hi�

}hitti_ L? 4i@t�hit Lu �?i^�@*�|)c |�i ULi�U�i?|t @hi i�|�ih �?t�}?��U@?| Lh

�@�i @ t�}? LTTLt�|i |L ��@| |�i |�iLh) Thi_�U|tc @t tii? �? UL*�4? E�� Lu

53Dq h{dpsoh ri wklv hduo| olwhudwxuh lq wkh errn e| Duwkxu Rnxq +4<:8, Htxlw| dqg

H�flhqf|= Wkh Elj Wudghr�1

�2



A@M*i ��2�

A�i i��_i?Ui hi}@h_�?} |�i �4T@U| Lu �?i^�@*�|) @?_ hi_�t|h�M�|�L? �TL?

iUL?L4�U }hL�|� �@t t|�** |L Mi @UUL�?|i_ uLh M) iUL?L4�U |�iLh)� W? |�i

hi4@�?�?} Lu |��t tiU|�L?c �i @?@*)3i |�i igiU|t Lu �?i^�@*�|) L? }hL�|� �?

iUL?L4�it �? ���U� �i@*|� Lh ��4@? U@T�|@* i?_L�4i?|t @hi �i|ihL}i?L�t

@UhLtt �?_���_�@*t @?_ U@T�|@* 4@h!i|t @hi �4TihuiU|� ì @h}�i |�@| |�ihi
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ì @tt�4i |�@| �? i@U� tiU|Lh �c 4L��?} uhL4 |�i L*_ |L |�i ?i� B�A

hi^��hit |�L t|iTt� 6�ht|c @ �h4 �? |�@| tiU|Lh 4�t| @U^��hi @ R|i4T*@|i� L?

���U� |L M@ti i Tih�4i?|@|�L?� 5iUL?_c |�i �h4 4�t| �ti |��t |i4T*@|i |L

_�tUL�ih �L� |L �4T*i4i?| |�i B�A �? |�@| T@h|�U�*@h tiU|Lh� wi| ?f _i?L|i

|�i uh@U|�L? Lu tiU|Lht |�@| �@�i ?L| )i| @U^��hi_ @ |i4T*@|i( ?� _i?L|i |�i

uh@U|�L? Lu tiU|Lht |�@| �@�i @U^��hi_ @ |i4T*@|i M�| @hi t|�** i Tih�4i?|�?}(

@?_ ?2 ' � � ?f � ?� |�i uh@U|�L? Lu tiU|Lht ��L �@�i t�UUii_i_ �? 4@!�?}

|�i |h@?t�|�L? |L |�i ?i� B�A�

� tiU|Lh ��** @U^��hi @ |i4T*@|i �u @ �h4 �? |�@| tiU|Lh i�|�ih 4@!it

@? �?_iTi?_i?| _�tUL�ih) Lh �?_t �|t |i4T*@|i M) R�4�|@|�L?�c |�@| �tc M)

LMtih��?} @| *i@t| & Rt�4�*@h*) *LU@|i_� �h4t |�@| �@�i 4@_i @ t�UUittu�*

|h@?t�|�L? |L |�i ?i� B�A� A�i �L�ttL? @hh��@* h@|i Lu �?_iTi?_i?| _�tUL��

ih�it |L t�U� @ tiU|Lh �t bf 	 �� A�i �L�ttL? @hh��@* h@|i Lu LTTLh|�?�|�it |L

LMtih�i 6 t�4�*@h*) *LU@|i_ �h4t �t @tt�4i_ |L i^�@* �?�|)� A�i ThLM@M�*�|)

|�@| t�U� @? LMtih�@|�L? ��** T@) Lg E�? L|�ih �Lh_tc |�i ThLM@M�*�|) |�@|

@| *i@t| & @4L?} |�i 6 t�4�*@h �h4t ��** �@�i t�UUittu�**) i Tih�4i?|i_ |�i

?i� B�A� �t }��i? M) |�i U�4�*@|��i M�?L4�@*G

)E6c &c ?2� '
6[
�'&

#
6

�

$
?�2E�� ?2�

63�c

t�?Ui ?2 �t |�i ThLM@M�*�|) |�@| @ h@?_L4*) ti*iU|i_ �h4 ��** �@�i t�UUii_i_

�? �4T*i4i?|�?} |�i ?i� B�A� A�i �L� Lu tiU|Lht |�@| @U^��hi @ |i4T*@|i

@?_ U@? |��t t|@h| i Tih�4i?|�?} L? |�i ?i� B�Ac ��** Mi i^�@* |L ?f |�4it

|�i �L� ThLM@M�*�|) Lu i@U� tiU|Lh 4@!�?} |�i |h@?t�|�L?G bf n )E6c &c ?2��

�L� �i @tt�4i |�@| uLh @? i Tih�4i?|�?} �h4 |L @U|�@**) t�UUii_ �?

�4T*i4i?|�?} |�i ?i� B�Ac �| 4�t| i4T*L) @| *i@t| M �?�|t Lu t!�**i_ *@MLh
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