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Devwudfw

Wklv sdshu vwxglhv wkh h�hfwv ri gl�huhqwldo wd{ wuhdwphqw wrzdug
pduulhg dqg vlqjoh lqglylgxdov lq wkh XV rq pduuldjh irupdwlrq dqg
frpsrvlwlrq/ glyrufh dqg oderu vxsso|1 Zh ghyhors d pduuldjh pdunhw
prgho zlwk vhdufk iulfwlrqv dqg khwhurjhqrxv djhqwv wkdw lv vx�flhqwo|
ulfk wr fdswxuh nh| hohphqwv ri wkh sureohp xqghu frqvlghudwlrq1 Zh
wkhq fdoleudwh wkh prgho dqg xvh lw wr hydoxdwh wkh txdqwlwdwlyh h�hfwv
ri d qxpehu ri wd{ uhirupv dlphg dw pdnlqj wkh wd{ odz qhxwudo zlwk
uhvshfw wr pdulwdo vwdwxv1 Zh �qg wkdw uhirupv fdq kdyh vxevwdqwldo
h�hfwv rq wkh oderu vxsso| ri ihpdohv dqg rq wkh ghjuhh ri dvvruwdwlyh
pdwlqj1

�Zh kdyh ehqh�whg iurp ghwdlohg frpphqwv e| Gdylg Dqgroidwwr/ Dqgu�hv Hurvd/ Oxw}
Khqgulfnv/ Lj Kruvwpdqq/ Mrkq Nqrzohv/ Shwhu Prujdq/ Vkdqrq Vhlw}/ Dodq Volylqvnl/
Mh�uh| Vplwk/ Pdufhor Yhudflhuwr/ Udqgdoo Zuljkw/ dqg vhplqdu sduwlflsdqwv dw Fhqwur
gh Lqyhvwljdfl�rq Hfrq�rplfd +LWDP,/ Zhvwhuq Rqwdulr/ 5333 VHG Phhwlqjv/ Urfkhvwhu/
Jhrujhwrzq/ Doehuwd/ XTDP/ Ihghudo Uhvhuyh Edqn ri Fklfdjr dqg Ihghudo Uhvhuyh Edqn
ri Dwodqwd1 Wkh fxuuhqw yhuvlrq lv d uhylvhg rqh wkdw lqfoxghv pdmru fkdqjhv vxjjhvwhg
e| dq dvvrfldwh hglwru dqg wkuhh dqrq|prxv uhihuhhv1 Zh duh judwhixo wr wkhp iru wkhlu
frpphqwv dqg vxjjhvwlrqv/ zklfk kdyh ohg wr d vxevwdqwldo lpsuryhphqw lq wkh txdolw| ri
wkh sdshu1 Doo huuruv duh rxuv1
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5Dowkrxjk wkhuh duh pdq| rwkhu surylvlrqv lq wkh wd{ odz wkdw frqwulexwh wr wkh sure0
ohp/ lw kdv orqj ehhq uhfrjql}hg wkdw wkh wzr ihdwxuhv ghvfulehg deryh fdq e| wkhpvhoyhv
d�hfw lqglylgxdo ehkdylru dorqj vhyhudo glphqvlrqv1 Vhh Jhqhudo Dffrxqwlqj R�fh +4<<9,
iru d ghwdlohg ghvfulswlrq ri wkh qxphurxv ihdwxuhv ri wkh wd{ odz wkdw ohdg wr pduuldjh
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|�i L|�ih @}i?|t� ì �?_ |�@| |�iti �T@h|�@* i^��*�Mh��4< @?@*)tit *i@_ |L

�



t�Mt|@?|�@**) _�gihi?| hit�*|tc @giU|�?} ?L| L?*) |�i 4@}?�|�_i M�| @*tL |�i
_�hiU|�L? Lu U�@?}it�

A��t �t |�i �ht| T@Tih |�@| @__hittit |�i hL*i Lu |�i _�gihi?|�@* |@ |hi@|�
4i?| Lu 4@hh�i_ @?_ t�?}*i �?_���_�@*t �? @? i^��*�Mh��4 ti@hU� 4L_i*� �t
t�U�c �| �t hi*@|i_ |L |�i hiUi?| *�|ih@|�hi L? 4@|U��?} 4L_i*t |�@| �?U*�_it
��h_i|| @?_ �L*it E�bb.�c ��h_i|| @?_ h̀�}�| E�bbH�c ��@_i E�bb.�c �Lh�
}@? E�bbS�c w� @?_ �U��gii E�bbS�c �*LU� @?_ +)_ih E2fff�c 5��4ih @?_
54�|� E2fff�c @?_ 54�|� E�bb.�� W| �t @*tL U*Lti*) UL??iU|i_ |L hiUi?| @TT*�i_
}i?ih@* i^��*�Mh��4 t|�_�it Lu 4@hh�@}i @?_ u@4�*) uLh4@|�L?� , @4T*it @hi
��)@}@h� i| @*� E2fff�c ��L t|�_�i_ |�i igiU|t Lu �i*u@hi TL*�U�it @?_ |�i�h
UL??iU|�L?t ��|� 4@hh�@}i 4@h!i|t( Bhii?�LL_ i| @*� E2fff�c ��L �?�it|��
}@|i_ |�i hL*i Lu u@4�*) uLh4@|�L? @?_ uih|�*�|) U�L�Ui �TL? |�i _�t|h�M�|�L?
Lu �?UL4i( @?_ +i}@*�@ @?_ +�Lt�+�** E�bbb�c ��L @ttitti_ |�i hL*i T*@)i_ M)
_�gihi?| u@U|Lht L? |�i |��? LMtih�@|�L?t Lu t|@M�*�|) Lu uih|�*�|) @?_ �?Uhi@ti
�? t�?}*i 4L|�ih�LL_� ��h �Lh! �t @*tL hi*@|i_ |L @ ?�4Mih Lu i4T�h�U@*
T@Tiht |�@| �@�i it|�4@|i_ |�i igiU|t |�@| �?UL4i |@ @|�L? �@t L? 4@h��
|@* _iU�t�L?t @?_ _��LhUi �? |�i N?�|i_ 5|@|it Ei�}� �*4 @?_ `��||�?}|L?
E�bbD@�c E�bbDM�c E�bbS�c E�bb.�( 5�L^��t| @?_ @̀*!ih E�bbD��� ��h T@Tih
_�giht uhL4 |��t *@t| }hL�Tc @t �i U@t| |�i �tt�it �? |�i UL?|i | Lu @? i^���
*�Mh��4 ti@hU� 4L_i* Lu 4@hh�@}i uLh4@|�L? @?_ _�ttL*�|�L?� �t @ hit�*|c �i
ThL��_i @ t��|@M*i i?��hL?4i?| |L @ttitt ^�@?|�|@|��i*) |�i igiU|t Lu �@h�L�t
TL|i?|�@* |@ hiuLh4t�

A�i T@Tih �t Lh}@?�3i_ @t uL**L�t� 5iU|�L? 2 Thiti?|t |�i |@ |hi@|4i?|
Lu 4@hh�i_ @?_ t�?}*i �?_���_�@*t �? |�i N5 @?_ _�tU�ttit |�i �4T*�U@|�L?t
Lu U�hhi?| |@ h�*it @| @? �?uLh4@* *i�i*� A�i 4L_i* �t U@hiu�**) _itUh�Mi_
�? 5iU|�L? �� 5iU|�L? e _�tU�ttit |�i U@*�Mh@|�L? ThLUittc ���*i 5iU|�L? D
hiTLh|t |�i ^�@?|�|@|��i ThLTih|�it Lu |�i Mi?U�4@h! iUL?L4)� A�i 4@�?
^�@?|�|@|��i �?_�?}t Lu |�i T@Tih @hi Thiti?|i_ �? 5iU|�L? Sc ��ihi |�i igiU|t
Lu |�i hiuLh4t @hi i�@*�@|i_ @?_ i T*@�?i_� 5iU|�L? . @?@*)3it |�i igiU|t
Lu hiuLh4t ��i? tL4i Lu |�i }i?ih@* i^��*�Mh��4 ui@|�hit Lu |�i 4L_i* @hi
L4�||i_� 5iU|�L? H UL?U*�_it� W? �TTi?_� �c �i _ih��i @? i^���@*i?| �@)
Lu t|@|�?} |�i t|i@_) t|@|i UL?_�|�L?t Lu |�i 4L_i*c ���*i �? �TTi?_� � |�i
UL4T�|@|�L?@* @*}Lh�|�4 �t _itUh�Mi_�

e



2 A@ Ahi@|4i?| Lu �@hh�i_ @?_ 5�?}*i W?_��

��_�@*t �? |�i N5

W? Lh_ih |L �**�t|h@|i tL4i Lu |�i !i) �4T*�U@|�L?t Lu U�hhi?| |@ h�*itc
UL?t�_ih |�L �)TL|�i|�U@* U@tit �?_ih |�i �bbe N5 |@ tU�i_�*i Etii A@�
M*i ��� W? |�i �ht| U@tic �?_���_�@*t � @?_ � �@�i i^�@* �?UL4it ��i?
t�?}*ic ?@4i*) m�fc fff� �t t�?}*i �?_���_�@*tc i@U� L?i �@t @ |@ @M*i �?�
UL4i i^�@* |L m�fc fff � m�c Hff � m2c eDf ' m2�c .Dfc @?_ T@)t |�i @4L�?|
f��D�m22c .Dfnf�2H�Em2�c .Df�m22c .Df� ' m�c Sb2�D �? �?UL4i |@ it� Wu �
@?_ � _iU�_i |L }i| 4@hh�i_c @tt�4�?} |�i�h �?UL4it _L ?L| �@h)c |�i�h |@ �
@M*i �?UL4i @t @ UL�T*i �t mSfc fff�mS�Df� 2� m2c eDf ' meHc .Df @?_ |�i�h
�?UL4i |@ T@)4i?| @4L�?|t |L f��D�m�Hc fffnf�2H�EmeHc .Df�m�Hc fff� '
mHc .�f� A�ihiuLhic |�i U�@?}i �? 4@h�|@* t|@|�t *i@_t |L @ |@ Ti?@*|) i^�@*
|L m�c �2D�

W?tih| A@M*i �

�? �?Uhi@ti �? |�i |@ M�h_i? @u|ih 4@hh�@}i _Lit ?L| @*�@)t LUU�h( _i�
Ti?_�?} L? |�i �?UL4it Lu |�i tTL�titc 4@hh�@}i U@? �?t|i@_ )�i*_ @ |@ ML?�t�
�t @?�**�t|h@|�L?c t�TTLti |�@| � @?_ � i@h? m2Dc fff @?_ � mHfc fffc hitTiU�
|��i*)� �t t�?}*i �?_���_�@*tc � �L�*_ T@) m2c H�2�D �? �?UL4i |@ it �?_ih @
4@h}�?@* |@ h@|i Lu m��Dc ���*i � �L�*_ T@) f��D�m22c .Dfnf�2H�EmDDc �ff�
m22c .Df�nf����Em.�c .Df�mDDc �ff� ' m�Hc 2D2� Wu � @?_ � }i| 4@hh�i_ @?_
|�i�h �?_���_�@* �?UL4it _L ?L| U�@?}ic |�i) �L�*_ T@) @t @ UL�T*i m�bc b�f �?
�?UL4i |@ it @?_ u@Ui @ UL44L? 4@h}�?@* |@ h@|i Lu ��I( |��tc |�i) i?�L)
@ |@ ML?�t i^�@* |L m�c �De�D Em�bc b�f� m�Hc 2D2� m2c H�2�D ' �m�c �De�D��
A�i hi@tL? �t |�@|c }��i? |�@| |�i UL�T*i �t |�i �?�| t�M�iU| |L |@ @|�L?c @
*@h}ih uh@U|�L? Lu |�i �?uh@4@h}�?@* �?UL4i Lu |�i tTL�ti ��|� |�i ��}�it|
�?UL4i �t |@ i_ @| *L�ih h@|it�

A�i @ML�i i @4T*it �**�t|h@|i |�i �i**�!?L�? u@U| |�@| ML|� |@ Ti?@*|�it
@?_ ML?�tit ULi �t| �?_ih |�i U�hhi?| *@�c ���U� |i?_t |L Ti?@*�3i UL�T*it
��|� tTL�tit ��Lti �?_���_�@* �?UL4it @hi t�4�*@hc @?_ Mi?i�|t |�Lti ��Lti
�?UL4it @hi u@h|�ih @T@h|�
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�Lh|@*�|) +@|itG ì @tt�4i |�@| 4@*it @?_ ui4@*it i?|ih |�i *@MLh
@?_ 4@hh�@}i 4@h!i|t @| |�i @}i Lu 2f� Nt�?} _@|@ L? *�ui i TiU|@?U) Lu
�?_���_�@*t @| |�i @}i Lu 2f uLh �bbfc�� �i LM|@�? B8 ' f�f�S. @?_ B� '
f�f�H.�

;Vrxufh= XV Prqwko| Ylwdo Vwdwlvwlfv Uhsruw/ Yro1 76/ </ Vxssohphqw/ Wdeoh 431
<Zh frqvlghu rqo| frxsohv lq zklfk erwk vsrxvhv uhsruw srvlwlyh krxuv1 Li zh frqvlghu

frxsohv lq zklfk erwk vsrxvhv zrun pruh wkdq 4> 833 krxuv shu |hdu/ wkh fruuhodwlrq
lqfuhdvhv voljkwo| wr derxw 315491

43Wklv lv wkh ydoxh wkdw lv w|slfdoo| xvhg lq jurzwk ru exvlqhvv f|fohv prghov lq rughu wr
pdwfk wkh iudfwlrq ri wlph ghyrwhg wr pdunhw zrun lq vwhdg| vwdwh1 Zh fkrrvh wklv ydoxh
vlqfh zh duh duh qrw dzduh ri hvwlpdwhv iru wklv sdudphwhu lq hqylurqphqwv olnh wkh rqh
dqdo|}hg lq wklv sdshu1

44Vrxufh= Vwdwlvwlfdo Devwudfw ri wkh XV +4<<<,/ Wdeoh 45;1

�.



e�2 A@ it

W? Lh_ih |L ThLTih*) @__hitt |�i ^�it|�L?t TLti_ �? 5iU|�L?t � @?_ 2c �i
4L_i* |�i uL**L��?} ui@|�hit Lu |�i U�hhi?| |@ t)t|i4 EA rc A6� �? |�i N?�|i_
5|@|itG �� |�i |@ t)t|i4 �t ThL}hitt��i @?_ 4@hh�i_ UL�T*it T@) |@ it M@ti_
�TL? |�i UL4M�?i_ �?UL4i Lu |�i tTL�tit( ��� |�ihi @hi _�gihi?| |@ tU�i_�*it
uLh 4@hh�i_ UL�T*it @?_ uLh t�?}*itc ��|� |�i ThLTih|) |�@| |�i ��_|� Lu |@ 
Mh@U!i|t uLh 4@hh�i_ UL�T*it �t ?L| i^�@* |L |��Ui |�i ��_|� Lu ULhhitTL?_�?}
Mh@U!i|t uLh t�?}*i �?_���_�@*t( ���� |�i t|@?_@h_ _i_�U|�L? uLh 4@hh�i_ @}i?|t
�t ?L| ?iUitt@h�*) i^�@* |L |��Ui |�i @4L�?| @TT*�i_ |L t�?}*i �?_���_�@*t�

A�i E}hLtt� �?UL4i Lu @ 4@hh�i_ UL�T*i �t }��i? M)

+,6� n %,68 �

W?UL4it uLh t�?}*i 4i? @?_ �L4i? @hi _i?L|i_ M) +,6� @?_ %,68 c hitTiU|��i*)�
A�i |@ @M*i �?UL4i Lu @ 4@hh�i_ UL�T*i �t _i�?i_ @t

+,6� n %,68 � _6 � 2ec

��ihi _6 �t |�i t|@?_@h_ _i_�U|�L? @ 4@hh�i_ UL�T*i �t i?|�|*i_ |L @?_ e �t
TihtL?@* i i4T|�L?t� A�i |@ @M*i �?UL4it Lu t�?}*i 4@*it @?_ ui4@*it @hi
}��i? M) +,r� � _r � e @?_ %,r8 � _r � ec hitTiU|��i*)� �L|�Ui |�@| �� |�i
UL4M�?i_ }hLtt �?UL4i Lu @ 4@hh�i_ UL�T*i �t �ti_ �? |�i _i|ih4�?@|�L? Lu
|�i |@ @M*i �?UL4ic @?_ ��� L?*) |�i t|@?_@h_ _i_�U|�L? �t @TT*�i_ �? @ �@)
|�@| �t UL?|�?}i?| L? 4@h�|@* t|@|�t�

A@ it @hi �4TLti_ L�ih �Mh@U!i|t< Lu |@ @M*i �?UL4i� 6Lh i @4T*ic �u
@ UL�T*i<t |@ @M*i �?UL4i �t +,6� n %,68 � _6 � 2e 5 d@6�3�c @

6
� �c |�i? |�i

ULhhitTL?_�?} |@ *�@M�*�|) �t

A6E+,6� c %,68 � ' ��@
6
� n �2E@

6
2 � @6� � n ��� n ��E+,

6
� n %,68 � _6 � 2e� @6�3��c

��ihi @6� @?_ ��c � ' �c 2c ���� @hi |�i 4@hh�i_ �?UL4i |@ �Mi?_TL�?|t< @?_
4@h}�?@* |@ h@|itc hitTiU|��i*)c ��|� @6f ' f� 5�4�*@h*)c |�i |@ M�h_i? Lu @
t�?}*i ui4@*i ��|� |@ @M*i �?UL4i %,r8 � _r � e 5 d@r�3�c @

r
�� �t

A rE%,r8 � ' ��@
r
� n �2E@

r
2 � @r�� n ��� n ��E%,

r
8 � _r � e� @r�3��(

A rE+,r�� �t _i�?i_ �? @? @?@*L}L�t �@)� ì |@!i |@ hi�i?�it �? |�i Mi?U��
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46Lw lv qrw hdv| wr frpsduh oderu vxsso| hodvwlflwlhv jhqhudwhg e| rxu prgho zlwk wkrvh
rewdlqhg lq wkh hpslulfdo olwhudwxuh1 Rq wkh rqh kdqg/ rxu prgho devwudfwv iurp oderu
sduwlflsdwlrq ghflvlrqv dqg glvfuhwh fkrlfhv ri wkh qxpehu ri krxuv zrunhg +h1j1/ sduw wlph/
ixoo wlph/ ryhuwlph/ hwf1,/ dv zhoo dv fklogehdulqj1 Rq wkh rwkhu kdqg/ vhyhudo hpslulfdo
sdshuv wdnh pdulwdo vwdwxv dv dq h{rjhqrxv yduldeoh1 Wkh hodvwlflwlhv uhsruwhg lq Wdeoh
6 wdnh lqwr dffrxqw wkh lpsruwdqw idfw wkdw pduuldjh dqg oderu pdunhw ghflvlrqv duh
lqwhuwzlqhg/ dqg wkh| dovr lqfoxgh wkh uroh wkdw wd{ uxohv sod| rq wkh mrlqw oderu vxsso|
ghflvlrqv ri wkh vsrxvhv1

47Xvlqj SVLG gdwd iru wkh shulrg 4<;;04<<6 zh fdofxodwh frh�flhqwv ri yduldwlrq ri 3177:/
3165; dqg 31747 iru pduulhg ihpdohv/ pduulhg pdohv dqg doo lqglylgxdov/ uhvshfwlyho|1 Rqo|
lqglylgxdov uhsruwlqj srvlwlyh krxuv duh frqvlghuhg1 Li zh frqvlghu lqglylgxdov uhsruwlqj
pruh wkdq 4/833 dqqxdo krxuv/ wkh fruuhvsrqglqj ydoxhv duh 314;3/ 3155: dqg 315591

48Wd{ shqdowlhv dqg erqxvhv duh fdofxodwhg dv wkh gl�huhqfh ehwzhhq wkh dprxqw ri
lqfrph wd{hv d frxsoh sd|v dqg wkh dprxqw wkh frxsoh zrxog sd| li wkh| zhuh �olqj dv
vlqjoh lqglylgxdov> irupdoo|/ li Wp+{op
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, A 3 wkhuh lv d wd{ shqdow|/

dqg wkhuh lv d wd{ erqxv li wklv h{suhvvlrq lv qhjdwlyh1 Wkh lqfrph xvhg wr fdofxodwh wkh
pdjqlwxgh ri wkh wd{ shqdowlhv dqg erqxvhv lv wkh phdq krxvhkrog lqfrph ri wkrvh pduulhg
frxsohv idflqj hlwkhu shqdowlhv ru erqxvhv1
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