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DevwudfwZh suhvhqw d vwuxfwxudo hpslulfdo prgho ri froohfwlyh krxvhkrog oderxu vxsso|1Iroorzlqj uhfhqw ghyhorsphqwv lq wkh olwhudwxuh rq froohfwlyh krxvhkrog oderxu vxs0so| rxu prgho doorzv iru wkh qrqsduwlflsdwlrq ghflvlrq/ dorqj zlwk zlwk wkh fkrlfhri zrunlqj krxuv1 Zh xvh wkh wkhruhwlfdo iudphzrun iru wkh vshfl�fdwlrq ri d vlpxo0wdqhrxv prgho iru krxuv/ sduwlflsdwlrq dqg zdjhv ri kxvedqg dqg zlih1 Zh glvfxvvwkh sureohpv ri lghqwl�fdwlrq dqg vwdwlvwlfdo frkhuhqf| wkdw dulvh lq wkh dssolfdwlrqri wkh froohfwlyh krxvhkrog oderxu vxsso| prgho1 Wkh prgho lv hvwlpdwhg xvlqj dsdqhogdwd vhw ri Gxwfk frxsohv1 Wkh sdqhogdwd doorz iru wkh lqfoxvlrq ri udqgrph�hfwv1 Wkh hvwlpdwhv doorz xv wr fkhfn wkh xqghuo|lqj uhjxodulw| frqglwlrqv rqlqglylgxdo suhihuhqfhv/ dqg wr rewdlq hvwlpdwhv ri wkh vkdulqj uxoh wkdw jryhuqv wkhglylvlrq ri krxvhkrog lqfrph ehwzhhq kxvedqg dqg zlih1

4Zh duh juhdwo| lqghewhg wr Vwdwlvwlfv Qhwkhuodqgv iru surylglqj wkh gdwd1 Zh wkdqn Pduwlq Eurzqlqjdqg sduwlflsdqwv ri wkh FHPIL Pdgulg Plfurhfrqrphwulfv Frqihuhqfh 5336 iru wkhlu frpphqwv15hpdlo= keorhphqCihzhe1yx1qo/ skrqh= .64 53 777936:/ id{= .64 53 7779338
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44 Wkhuh duh/ ri frxuvh/ gl�huhqfhv lq ixqfwlrqdo irup ehwzhhq wkhlu prgho dqg wkh prgho lq +5<, dqg+5:,1 Lq sduwlfxodu/ rzq zdjh udwhv hqwhu wkh krxuv dqg sduwlflsdwlrq htxdwlrqv lq +5<, dqg +5:, erwkolqhduo| dqg txdgudwlfdoo|/ zkloh wkh zdjh htxdwlrqv lq +58, duh orj0olqhdu/ zkhuhdv wkh vshfl�fdwlrqe| Eoxqghoo hw do1 +5334, lv frpsohwho| olqhdu lq zdjhv1 Dv d frqvhtxhqfh rxu prgho lq +5<, dqg +5:,lv ohvv vhqvlwlyh wr frolqhdulw|1 Zh zrxog olnh wr hpskdvl}h wkdw wklv zdv qrw wkh prwlydwlrq iru rxuvshfl�fdwlrq= zh fkrvh d oderxu vxsso| ixqfwlrq zlwk d uhdvrqdeoh ghjuhh ri �h{lelolw|/ wkdw doorzviru edfnzdug ehqglqj/ lv edvhg rq d suhihuhqfh vshfl�fdwlrq zlwk lwv urrwv lq wkh olwhudwxuh/ zkloh zhpdlqwdlq wkh orj0olqhdu vshfl�fdwlrq ri zdjhv145 Wkh vshfl�fdwlrq ri wkh pluuru prgho ri +5<, dqg +5:, +d vzlwfklqj uhjuhvvlrq prgho iru pdohzrunlqj krxuv dqg sduwlflsdwlrq jlyhq ihpdoh sduwlflsdwlrq,/ uhtxluhv dq htxlydohqw pluuru frqglwlrq146 Lq wkh pluuru prgho= +e9> e:, 9@ +3> 3,147 U 9@ 3 lv frpsdudeoh wr ! @ 4 lq Eoxqghoo hw do1 +5334,1
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ì �@�i it|�4@|i_ |�i 4L_i* _i�?i_ �? E2D��E2H� M) |�i 4i|�L_ Lu t�4�*@|i_ 4@ �4�4*�!i*��LL_ E5�w�� ì �ti Sf hiT*�U@|�L?t |L t�4�*@|i �@}it EL?*) uLh �?_���_�@*t ��|�L�|@? LMtih�i_ �@}i�� ì uL�?_ |�@| |�i UhLtt�igiU| Mi|�ii? ?L?�*@ML�h �?UL4i @?_ |�i4@*i �@}i h@|i @t @ uh@U|�L? Lu |�i �@}i h@|it Lu ML|� tTL�tit �t ?i�|�ih t�}?��U@?| �? |�i*@ML�h t�TT*) i^�@|�L? Lu |�i 4@*it ?Lh �? |�@| Lu |�i ui4@*it��S A�ihiuLhi �i Thiti?|hit�*|t ��|�L�| |��t UhLtt igiU|�

D�� �@h@4i|ih it|�4@|it Lu |�i �hi_�Ui_ uLh4< *@ML�h t�TT*)u�?U|�L?
W? |@M*i � �i Thiti?| |�i it|�4@|it Lu |�i T@h@4i|iht Lu |�i *@ML�h t�TT*) u�?U|�L?Lu ��tM@?_ @?_ ��ui� A�i T@h@4i|ih it|�4@|it Lu |�i ULi�U�i?|t Lu |�i �@}i h@|it@?_ ?L?�*@ML�h �?UL4i *LL! �ih) T*@�t�M*i� A�i *i�i* Lu |�i ��tM@?_<t L�? �@}i �@t@ TLt�|��i igiU| L? ��t t�TT*) Lu *@ML�hc ��ihi@t |�i t^�@hi_ igiU| �t ?i}@|��ic M�|hi*@|��i*) t4@** �? 4@}?�|�_i� A�i ��tM@?_<t �@}i h@|i i Thitti_ @t @ uh@U|�L? �@t @TLt�|��i igiU|c �?_�U@|�?} |�@| |�i ��tM@?_ t�TT*�it 4Lhi *@ML�h |�i *@h}ih �t ��t �@}ih@|i hi*@|��i |L ��t ��ui<t �@}i h@|i� AL i�@*�@|i |�i u�** igiU| Lu @ U�@?}i �? |�i��tM@?_<t �@}i h@|i �i ?L|i |�@| |�i 4@h}�?@* igiU| Lu zp L? |�i t�TT*) Lu *@ML�h �td2ndezi@Ezpnzi �2n2dDzp ���U� �t _i�?�|i*) TLt�|��i uLh @** �@}i h@|it �? |�i t@4T*ih@?}i��. A�i igiU| L? 4@*i *@ML�h t�TT*) Lu |�i *i�i* Lu |�i ��ui<t �@}i h@|i �t TLt�|��icM�| ?L| t�}?��U@?|� �L?�*@ML�h �?UL4i �@t @ t�}?��U@?| ?i}@|��i igiU| L? |�i ��tM@?_<tt�TT*) Lu *@ML�h�6Lh |�i ��ui<t *@ML�h t�TT*) �i �?_ t�4�*@h igiU|t Lu �@}it @?_ ?L?�*@ML�h �?UL4i�A�i *�?i@h igiU| Lu |�i ��ui<t L�? �@}i �t TLt�|��i� A�i �@}i uh@U|�L? �@t @ ?i}@|��iigiU| L? |�i t�TT*) Lu *@ML�h M) |�i ��uic �?_�U@|�?} |�@| �ih t�TT*) Lu *@ML�h _i�

49 Wkh pd{lpxp olnholkrrg whvw vwdwlvwlf wdnhv wkh ydoxh 31391 D frqvhtxhqfh ri wklv lv wkdw wkhfroohfwlyh furvv0htxdwlrq frqvwudlqw ehwzhhq wkh oderxu vxsso| htxdwlrqv ri kxvedqg dqg zlih +e:d7 @d:e7, ydqlvkhv dv lw dozd|v krogv li d: @ e: @ 314: Wr dqdo|vh wkh vhqvlwlyl| ri wkh uhvxowv wr wkh lqfoxvlrq ri wkh vkduh ri wkh kxvedqg*v zdjh udwh/zp@+zp . zi ,/ dv d phdvxuh iru wkh uhodwlyh zdjhv ri kxvedqg dqg zlih/ zh kdyh dovr hvwlpdwhg wkhprgho zlwk wkh orj zdjh udwh udwlr/ oq+zp@zi ,/ dv dq dowhuqdwlyh phdvxuh1 Wklv glg qrw lq�xhqfh wkhrxwfrphv1 Zh zloo frpphqw rq wklv dowhuqdwlyh lq pruh ghwdlo odwhu rq1
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54 Zh dovr irxqg wkdw wkh txdqwlwdwlyh lpsdfw ri wkh vtxduhv zdjh udwhv lq wkh vkdulqj uxoh zdv txlwhvpdoo/ dqg wkdw wkh srlqw hvwlpdwhv ri wkh vkdulqj uxoh ehfdph lqvljql�fdqw/ vxjjhvwlqj dq ryhu�h{lelolw|ri wkh vshfl�fdwlrq155 Lq frpsxwlqj wklv phdvxuh zh dovr lqfoxghg krxvhkrogv zlwk rqh shulrg ri revhuydwlrq/ zklfkvrphzkdw orzhuv wkh yduldqfh +e| d iudfwlrq 47682496:,156 Wkh pruh gl�huhqw zdyhv duh revhuyhg iru d jlyhq krxvhkrog/ wkh odujhu wkh fkdqfh wkdw zh revhuyhd fkdqjh/ jlyhq hyhu|wklqj hovh1 Lq wkh phdvxuh zh suhvhqw/ wkrxjk/ zh gr qrw glvwlqjxlvk e| wkh qxpehuri dydlodeoh zdyhv/ vlqfh wklv lv qrw uhohydqw iru jdlqlqj lqvljkw lq wkh yduldwlrq lq oderxu pdunhw vwdwhv



��
�Lh!�?} �? @** �@�itc ��ihi@t ���2I �t LMtih�i_ |L Mi ?L| �Lh!�?} �? @** Lu |�i @�@�*@M*i�@�it� 6Lh |�i hit�*|�?} ���DI Lu |�i ��tM@?_t �i LMtih�i @ U�@?}i �? |�i *@ML�h 4@h!i|t|@|i� 6Lh |�i �L4i?c |�iti ?�4Miht @hi Db�eIc 2S�DI @?_ �e��I hitTiU|��i*)� 5�?Ui�i �@�i @ hi*@|��i*) *@h}i _@|@ti|c |�ihi tii4t |L Mi t��U�i?| �@h�@|�L? �? �Lh!�?} �L�ht@?_ *@ML�h 4@h!i| t|@|i |L it|�4@|i @ h@?_L4 igiU|t �@h�@?| Lu L�h UL**iU|��i �L�ti�L*_*@ML�h t�TT*) 4L_i*c M�| �| �t U*i@h |�@| |�i h�t! Lu LM|@�?�?} �4ThiU�ti it|�4@|it �tThiti?| @t �i**�ì i |i?_ |�i 4L_i* i^�@|�L?t �? E2D� @?_ E2S� M) �?|hL_�U�?} @ �L�ti�L*_ tTiU��Uh@?_L4 igiU| �?|L |�i 4L_i*� ì @__ |�i t�MtUh�T|t l @?_ w @t �?_�U@|Lht uLh �L�ti�L*_l @?_ |�4i Tih�L_ w� A�i 4L_i* i^�@|�L?t ?L� hi@_*?zlwm ' ��m{lwm n $lm n xlwm
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