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Xqlyhuvlw| ri Fdpeulgjh dqg XVF
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Xqlyhuvlw| ri Fdoliruqld/ Vdq Glhjr

5iT|i4Mih 2bc �bbb

Devwudfw

Uhfhqw hylghqfh vxjjhvwv wkdw pdq| hfrqrplf wlph vhulhv duh vxemhfw wr

vwuxfwxudo euhdnv1 Lq wkh suhvhqfh ri euhdnv/ lqfoxglqj klvwrulfdo gdwd sulru wr

wkh prvw uhfhqw euhdn wr hvwlpdwh d iruhfdvwlqj prgho zloo ohdg wr suhglfwlrq

huuruv wkdw duh eldvhg exw dovr pd| kdyh d vpdoohu yduldqfh1 Wklv sdshu

h{dplqhv wkh wudgh0r� ehwzhhq wkh eldv dqg yduldqfh ri iruhfdvw huuruv dqg

sursrvhv d qhz vhw ri uhyhuvhg Fxvxp surfhgxuhv wr ghwhuplqh wkh zlqgrz

vl}h wkdw plqlpl}hv phdq vtxduhg iruhfdvw huuru1 Wklv zlqgrz vl}h ydulhv ryhu

wlph dqg ghshqgv rq wkh vl}h ri wkh euhdn/ wkh glvwdqfh wr wkh euhdn dqg wkh

vtxduhg fruuhodwlrq frh�flhqw ehwzhhq suhglfwhg dqg uhdol}hg ydoxhv1 Wkh

iruhfdvwlqj shuirupdqfhv ri vhyhudo surfhgxuhv iru ghwhuplqdwlrq ri zlqgrz

vl}h duh frpsduhg lq d vlpxodwlrq h{shulphqw dqg lq d uhfxuvlyh suhglfwlrq

h{huflvh xvlqj gdwd rq XV vwrfn uhwxuqv1 Zh �qg hylghqfh wkdw rxw0ri0vdpsoh

iruhfdvwlqj shuirupdqfh fdq eh lpsuryhg e| h{solflwo| dffrxqwlqj iru euhdnv

dqg dgrswlqj wkh sursrvhg phwkrg iru rswlpdoo| ghwhuplqlqj wkh zlqgrz

vl}h1

MHO Fodvvl�fdwlrqv= F55/ F86/ J431

Nh| Zrugv= Sdudphwhu lqvwdelolw|/ iruhfdvwlqj/ h{sdqglqj dqg uroolqj

zlqgrzv/ uhyhuvhg Fxvxp ru Fxvxp vtxduhg whvwv/ pxowlsoh euhdnv/ fkrlfh

ri revhuydwlrq zlqgrz/ suhglfwdelolw| ri XV vwrfn uhwxuqv1
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|��i @t �W� @?_ ẁ ~ �_i?|�u) @| *i@t| L?i Mhi@! @?_ *itt UL?tih�@|��i ThLUi_�hit

ti*iU| |�hii Mhi@!t� 5iUL?_c @| *i@t| �? |��t @TT*�U@|�L? |�ihi tii4t |L Mi tL4i �?�

Uih|@�?|) @ML�| |�i ?�4Mih Lu Mhi@! TL�?|tc @*|�L�}� UL?_�|�L?@* L? �@��?} U�Lti?

|�i ?�4Mih Lu Mhi@!tc |�i�h |�4i Lu LUU�hhi?Ui �t hi@tL?@M*) ThiU�ti*) it|�4@|i_�

A��h_c |�i t�3i Lu |�i T@h@4i|ih �@h�@|�L? Mi|�ii? |�i Mhi@! TL�?|t �t �ih) *@h}i�

6Lh i @4T*ic |�i ULi�U�i?| L? |�i �?|ihit| h@|i �t @hL�?_ |��Ui @t ��}� �? |�i

t@4T*i Th�Lh |L �bS2G�f @t �? @?) t�Mti^�i?| t@4T*i� �*tLc |�i ULi�U�i?| Lu |�i

_���_i?_ )�i*_ ���U� �@�i Mii? TLt�|��i @?_ ��}�*) t�}?��U@?| MiuLhi �bb�c �@t

MiUL4i ?i}@|��i @?_ t|@|�t|�U@**) t�}?��U@?| t�?Ui �bb��

��



.�2� +iU�ht��i 6LhiU@t|�?} +it�*|t

A�i hiU�ht��i uLhiU@t|�?} i Tih�4i?| Mi}�?t �? �b.fG� @?_ i |i?_t |L �bb.G�2�

W?�|�@**) |�ihi @hi �b2 4L?|�*) LMtih�@|�L?t� �t i T*@�?i_ �? tiU|�L? 2c |�i !i)

_�t|�?U|�L? Mi|�ii? |�i @TThL@U�it |L _i|ih4�?�?} ��?_L� t�3i *�it �? �L� 4�U�

_@|@ |�i) �ti |L it|�4@|i |�i Thi_�U|�L? 4L_i*� Oi?Ui �| �t ?@|�h@* |L Mi}�? L�h

i4T�h�U@* @?@*)t�t M) t�L��?} |�4i�tih�it T*L|t Lu |�i ��?_L� *i?}|� _i|ih4�?i_

hiU�ht��i*) |�hL�}� |�4i�

6�}�hi �� UL?�ih|t |�i |�4i tih�it uLh |�i hiU�ht��i it|�4@|it Lu |�i Mhi@!

TL�?| EeA�� �_i?|��i_ M) |�i hi�ihti_ ��t�4c ��t�4 5^�@hi_ @?_ hiU�ht��i �@��

�ihhL? ThLUi_�hit �?|L U@*i?_@h |�4i� A�i Mhi@!t �_i?|��i_ M) |�i hi�ihti_ ��t�4

4i|�L_ U�@?}i �ih) ihh@|�U@**) @?_ �| �t L?*) �T |L @hL�?_ �bH2 |�@| �| 4@?@}it |L

�_i?|�u) @?) Mhi@!t� A��t �?_�?} �t ?L| t�hTh�t�?} t�?Ui �| �t �i** !?L�? |�@| |�i

��t�4 |it| *Ltit TL�ih �ih) h@T�_*) @t |�i _�t|@?Ui |L @ Mhi@! TL�?| �?Uhi@tit� A�i

4@�? Mhi@!t �_i?|��i_ M) |�i ��t�4 5^�@hi_ 4i|�L_ LUU�h �? �bSH%Sbc �b.e @?_

�bHH� �UUL�?|�?} uLh |�i _i*@)t �? |�i Mhi@! TL�?| _i|iU|�L?c |�i *@t| |�L Mhi@!t

|��t ULhhitTL?_ |L |�i L�* Th�Ui t�LU!t @?_ |�i �U|LMih �bH. t|LU! 4@h!i| Uh@t��

A�i hiU�ht��i*) �_i?|��i_ Mhi@! TL�?| tih�it ti*iU|i_ M) |�i �@� �ihhL? 4i|�L_ �t

tL4i��@| *itt t|@M*i |�@? |�@| ThL_�Ui_ M) |�i hi�ihti_ ��t�4 5^�@hi_ 4i|�L_�

`��*i �bSb �t �_i?|��i_ @t |�i Mhi@! TL�?| uLh 4Lt| Lu |�i t@4T*ic �b.e @*tL }i|t

ti*iU|i_ _�h�?} @ ��i )i@h tTi** uhL4 �b.. |L �bH2 @?_ �bS� �t U�Lti? _�h�?} |�hii

tiT@h@|i M*LU!t Lu |�4i uhL4 �b.f |L �b.2c uhL4 �b.D |L �b.. @?_ @}@�? uhL4 �bbD

|L �bb.��2

6�}�hi �e T*L|t |�i ti^�i?Ui Lu LT|�4@* ��?_L� t�3it _i|ih4�?i_ M) |�i |�hii

ThLUi_�hit UL?_�|�L?@* L? |�i T@h@4i|ih it|�4@|it� 6Lh hiuihi?Ui �i @*tL t�L�

|�i i T@?_�?} ��?_L� ���U� }i|t ti*iU|i_ �u ?L Mhi@! �t �_i?|��i_� � t�@hT Mhi@!

�? |�i hi}hitt�L? 4L_i* t�L�*_ t�L� �T @t @ _hLT �? |�i ��?_L� t�3ic uL**L�i_

M) @ t4LL|�*) �?Uhi@t�?} ��?_L� t�3i �?|�* @ t�Mti^�i?| Mhi@!� 6�ht| UL?t�_ih |�i

hi�ihti_ ��t�4 5^�@hi_ Uh�|ih�L?� W?�|�@**) @ t4@** ��?_L� Lu 2f Lh tL LMtih�@|�L?t

45Sorwv ri uhfxuvlyh sdudphwhu hvwlpdwhv dovr lqglfdwhg wkdw wkhuh duh euhdnv durxqg 4<:7/ 4<:<

dqg diwhu 4<<71 Wkhvh sorwv ghprqvwudwh wkh wudgh0r� ehwzhhq eldv dqg h�flhqf| lpsolhg e|

wkh hvwlpdwlrq phwkrgv1 Phwkrgv wkdw dwwhpsw wr lghqwli| euhdn gdwhv dqg frqglwlrq rq wklv

lqirupdwlrq slfn xs euhdnv txlfno|1 Krzhyhu/ wkh| dovr surgxfh yhu| yrodwloh uhjuhvvlrq hvwlpdwhv

dqg iruhfdvwv dv d uhvxow ri rqo| xvlqj d vpdoo zlqgrz vl}h lpphgldwho| diwhu d euhdn lv shufhlyhg

wr kdyh rffxuuhg1

�2



�t @_LT|i_ M) |��t 4i|�L_ h@|�ih |�@? |�i u�** ��?_L� Lu �b2 LMtih�@|�L?t ���U�

�L�*_ Mi U�Lti? �? |�i @Mti?Ui Lu @ Mhi@!� A�i ��?_L� |�i? i T@?_t �T |L @hL�?_

�b.D @| ���U� TL�?| �| @}@�? _hLTt |L 2f Lh tL LMtih�@|�L?t� 6hL4 |��t TL�?| |�i

��?_L� �?Uhi@tit 4Lhi Lh *itt �? *�?i ��|� |�i _@|@ ti| �T |L �bbe ��i? @?L|�ih

t�@hT _hLT �t hi}�t|ihi_� � tL4i��@| t4@**ih _iU*�?i �? |�i ��?_L� t�3i @*tL

LUU�ht @hL�?_ �bb.� 6@�h*) *L?} ��?_L�t Lu |�i _@|@ @hi |��t ti*iU|i_ uLh 4Lt|

Lu |�i t@4T*i� �? @�ih@}i |�i ��?_L� t�3i U�Lti? M) |�i �@���ihhL? 4i|�L_ �t

t*�}�|*) *L?}ih |�@? |�i ULhhitTL?_�?} ��?_L� uLh |�i ��t�4 5^�@hi_ 4i|�L_�

��h �?|ihit| *�it Lu UL�hti �? |�i ThiU�t�L? Lu |�i hiU�ht��i uLhiU@t|t ThL_�Ui_

M) |�i @*|ih?@|��i 4i|�L_t @?_ T*L|t Lu ���U� @hi ThL��_i_ �? 6�}�hi �D� 5@4T*i

ULhhi*@|�L?t Mi|�ii? |�i uLhiU@t|t �@h) Mi|�ii? f�Sb @?_ f�HD� W?|ihit|�?}*)c |�i

4i|�L_t |�@| _L ?L| T�| u�** �i�}�| L? |�i i@h*�it| _@|@ TL�?|t }i?ih@|i ��}�ih

Thi_�U|�L?t |�@? |�i i T@?_�?} ��?_L� 4i|�L_ |L�@h_t |�i i?_ Lu |�i t@4T*i�

A��t �?_�?} t�i_t *�}�| L? tL4i ThLM*i4t hiUi?|*) _iM@|i_ M) iUL?L4�t|t� �|

|�i i?_ Lu |�i t@4T*i |�i _���_i?_ )�i*_ �@t @| @ ��t|Lh�U@* *L� @?_ iUL?L4�t|t

�ihi tTiU�*@|�?} ��i|�ih |�i hi*@|�L?t��T Mi|�ii? |�i )�i*_ @?_ t|LU! hi|�h?t �@_

MhL!i? _L�?� W?_ii_c |�i i T@?_�?} ��?_L� it|�4@|it t�}}it| |�@| |�i _���_i?_

)�i*_ ULi�U�i?| �@t Mii? �? @ t)t|i4@|�U _iU*�?i t�?Ui �bbe� A��t �t T�U!i_ �T

_h@4@|�U@**) M) |�i ��t�4 5^�@hi_c i TL?i?|�@* t4LL|��?} @?_ � i_ ��?_L� t�3i

4i|�L_t @** Lu ���U� }��i @ ?i}@|��i hi}hitt�L? ULi�U�i?| L? |�i _���_i?_ )�i*_

|L�@h_t |�i i?_ Lu |�i t@4T*i @?_ �t @*tL UL?�h4i_ M) |�i u�**�t@4T*i �@���ihhL?

it|�4@|it |�@| @**L� uLh |�hii Mhi@!t�

�@t�U TihuLh4@?Ui hit�*|t uLh |�i hiU�ht��i uLhiU@t|t }i?ih@|i_ M) |�i t� ThLUi�

_�hit @hi Thiti?|i_ �? |�i uL**L��?} |@M*i��� ì 4i@t�hi uLhiU@t|�?} TihuLh4@?Ui
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