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N?��iht�|) uLh �i*Tu�* UL44i?|t� ì @*tL |�@?! #@? 6ii?Mih} uLh Uh�U�@* _@|@ @?_

v�u|@� BLh_L?� @?_ +@? Bhii?�@*_ uLh hiti@hU� @tt�t|@?Ui� 6h@?!i* @U!?L�*i_}it

�?@?U�@* t�TTLh| uhL4 |�i Wth@i* 6L�?_@|�L?t Ah�t|iit� BL�*_ |�@?!t |�i 6@*! W?t|��

|�|i uLh �?@?U�@* t�TTLh|� 6h@?!i*G #iT@h|4i?| Lu ,UL?L4�Utc 5|@?uLh_ N?��iht�|)c

5|@?uLh_c �� be�fD Ei4@�*G _uh@?!i*9*i*@?_�t|@?uLh_�i_�( |i*G SDf�.2��b�f��� BL�*_G

#iT@h|4i?| Lu ,UL?L4�Utc OiMhi� N?��iht�|)c �L�?| 5ULT�tc aih�t@*i4 b�bfDc Wth@i*

Ei4@�*G 4tih�U94tUU������@U��*( |i*G b.2�2�DHH��2e.��



Devwudfw

Wklv sdshu vwxglhv wkh uhodwlrq ehwzhhq d flw|*v lqfrph glvwulexwlrq dqg lwv

uhwdlo sulfh ohyho xvlqj sdqho gdwd1 Zh �qg wkdw dq lqfuhdvh lq wkh suhvhqfh ri

orzhu plggoh lqfrph krxvhkrogv/ uhodwlyh wr srru ru xsshu lqfrph krxvhkrogv/

lv dvvrfldwhg zlwk orzhu sulfhv1 Rxu �qglqjv vxjjhvw wkdw juhdwhu lqfrph

lqhtxdolw| udlvhv wkh sulfhv wkdw srru krxvhkrogv idfh/ wkxv pdnlqj lw kdughu

iru wkhp wr lqyhvw lq kxpdq fdslwdo1

M1H1O1 Qxpehu= K:41

Nh|zrugv= uhwdlo sulfhv/ lqfrph lqhtxdolw|/ sryhuw|/ lqfrph glvwulexwlrq1
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|��t @TThL@U� �t Mi||ih t��|i_ |L 4i@t�h�?} |�i U@�t@* igiU|t Lu �?UL4i _�t|h�M�|�L?

L? Th�Uit uLh |�L hi@tL?t� A�i �ht| hi@tL? �t |�@| L�h hit�*|t @hi �?ti?t�|��i |L |�i

ThLM*i4 Lu UhLtt�?i�}�MLh�LL_ t�LTT�?}c ���U� @TTi@ht |L Mi ��_itThi@_ Etiic i�}�c

��|U�i** d�Ho�� 5�?Ui @ TihtL?<t ?i�}�MLh�LL_ Lu hit�_i?Ui �t ?L| TihuiU|*) ULhhi*@|i_

��|� ��ihi t�i t�LTtc t|�_�it Lu ?i�}�MLh�LL_t �? @ t�?}*i U�|) @hi *itt *�!i*) |L

_i|iU| @ hi*@|�L?t��T Mi|�ii? |�i �?UL4i _�t|h�M�|�L? @?_ hi|@�* Th�Uit� A�i tiUL?_

@_�@?|@}i Lu UL?_�U|�?} |�i @?@*)t�t L? |�i U�|) *i�i* �t |�@| L�h hit�*|t @hi *itt

ThL?i |L |�i i?_L}i?i�|) Lu ?i�}�MLh�LL_ U�L�Ui ��|��? @ U�|)� +it�_i?|t Lu @ U�|)

tLh| |�i4ti*�it @UULh_�?} |L ?i�}�MLh�LL_ U�@h@U|ih�t|�Ut E�?U*�_�?} Tih�@Tt |�i ULt|

Lu *���?}�c @?_ |�ihiuLhi �| 4@) Mi |�@| Th�Uit _i|ih4�?i |�i �?UL4i _�t|h�M�|�L? Lu @

?i�}�MLh�LL_ @?_ ?L| |�i L|�ih �@) @hL�?_� 5Lh|�?} @UhLtt U�|�it �t *�!i*) |L Mi *itt

Lu @ ThLM*i4 t�?Ui �?|ihU�|) 4LM�*�|) �t 4Lhi *�4�|i_�S EA��t _Lit ?L| i?|�hi*) t@|�tu)

L�h UL?Uih?t @ML�| i?_L}i?i�|)c tL �i @*tL �ti �?t|h�4i?|@* �@h�@M*it��

� A�i #@|@

#@|@ �ihi UL**iU|i_ uhL4 �H. U�|�it �? �b.b�Hf @?_ �bHb�bf�. 5�44@h) t|@|�t|�Ut

@hi t�L�? �? A@M*it � @?_ 2� 6Lh i@U� U�|) @?_ M�@??�@* Tih�L_c @ hi|@�* Th�Ui

�?_i �@t UL?t|h�U|i_ �t�?} _@|@ uhL4 |�i �4ih�U@? ��@4Mih Lu �L44ihUi +iti@hU�

9Uhdvrqv lqfoxgh mre pdunhw iulfwlrqv/ wkh frvwv ri fuhdwlqj qhz vrfldo qhwzrunv/ dqg wkh uhodwlyh

gl�fxow| ri �qglqj d krxvh ru dsduwphqw lq d qhz flw|1

:Khqfh/ iru hdfk flw| zh kdyh wzr eldqqxdo sulfh lqglfhv1 Wkh 4;: flwlhv duh wkrvh iru zklfk

vx�flhqw gdwd h{lvwhg wr frqvwuxfw erwk lqglfhv1
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;DFFUD gdwd duh dydlodeoh rqo| iru vhohfwhg flwlhv dqg txduwhuv1 Hdfk flw|*v lqgh{ lq hdfk txduwhu

lv uhsruwhg e| DFFUD dv dq lqgh{ uhodwlyh wr wkh dyhudjh ri flwlhv wkdw uhsruwhg wkdw txduwhu1 Wklv

phdqv wkdw wkh edvh ri wkh lqgh{ ghshqgv rq wkh vhw ri uhsruwlqj flwlhv/ zklfk fkdqjhv iurp txduwhu

wr txduwhu1 Wr holplqdwh wklv ghshqghqfh/ zh uhfrpsxwhg hdfk txduwhuo| lqgh{ vr wkdw sulfhv duh

phdvxuhg uhodwlyh wr dyhudjh sulfh ohyho ri wkh 7< flwlhv wkdw uhsruwhg gdwd lq doo 49 txduwhuv lq

rxu 7 |hdu vdpsoh +4<:</ 4<;3/ 4<;</ dqg 4<<3,1 Wkhvh uhfrpsxwhg lqglfhv zhuh wkhq xvhg wr

frpsxwh eldqqxdo dyhudjhv1 Rqh uhpdlqlqj sureohp lv wkdw wkh qxpehu ri txduwhuv iru zklfk sulfhv

duh dydlodeoh ydulhv e| flw| dqg eldqqxdo shulrg1 Wr holplqdwh wkh uhvxowlqj khwhurvnhgdvwlflw|/ zh

zhljkwhg e| wkh qxpehu ri txduwhuv xvhg wr frpsxwh hdfk eldqqxdo lqgh{1 Zh dovr zhljkwhg e|

flw| vl}h wr pdnh wkh uhvxowv pruh uhsuhvhqwdwlyh ri wkh xuedq srsxodwlrq1

<Wkh uhvxowv zh uhsruw xvh wkh h{shqglwxuh zhljkwv wkdw DFFUD uhsruwv iru hdfk |hdu1 Wkhvh

zhljkwv gl�hu ehwzhhq 4<:<0;3 dqg 4<;<0<3 ehfdxvh ri fkdqjhv lq h{shqglwxuh sdwwhuqv1 Zh dovr

frpsxwhg sulfh lqglfhv xvlqj/ iru hdfk eldqqxdo shulrg/ wkh dyhudjh ri wkh zhljkwv lq wkh |hduv 4<:</

4<;3/ 4<;</ dqg 4<<31 Wkh uhjuhvvlrq uhvxowv +dydlodeoh rq uhtxhvw, zhuh yluwxdoo| lghqwlfdo1 Zh dovr

suhvhqw uhjuhvvlrqv iru wkh lqglylgxdo lqglfhv/ zklfk duh lqghshqghqw ri wkh zhljkwlqj vfkhph1

43Wkh wudqvsruwdwlrq dqg khdowk lqglfhv dovr lqfoxgh vrph frpsrqhqwv wkdw duh qrw vrog lq sulydwh

vhfwru uhwdlo pdunhwv1 Zh dgguhvv wklv ehorz e| dqdo|}lqj hdfk ri wkh irxu frpsrqhqwv vhsdudwho|1
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44Zh xvhg Fhqvxv sodfhv dv rxu jhrjudsklf xqlw/ vlqfh wkh| fruuhvsrqg wr wkh sodfhv xvhg e|

DFFUD1 D Fhqvxv sodfh lv gh�qhg e| phwursrolwdq srolwlfdo erxqgdulhv/ olnh d fhqwudo flw|1 Lq

idfw/ d fhqwudo flw| lv mxvw d odujh Fhqvxv sodfh wkdw lv orfdwhg lq d Fhqvxv phwursrolwdq duhd1

45Wkh gdwd frph iurp Vxppdu| Wdsh Iloh 6F/ Fhqvxv ri Srsxodwlrq dqg Krxvlqj ^55`1 Suhwd{

lqfrph lqfoxghv pdunhw lqfrph dv zhoo dv fdvk wudqvihu sd|phqwv +DIGF/ xqhpsor|phqw frpshq0

vdwlrq/ Vrfldo Vhfxulw|/ hwf1,1 Wkh sryhuw| olqh lv dgmxvwhg iru lq�dwlrq ryhu wlph exw grhv qrw ydu|

e| uhjlrq1
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U�|)c t|@|ic @?_ UL�?|) t@*it |@ h@|i uhL4 |�i �@|�L?@* 5@*it A@ #�hiU|Lh) d2So� �

t4@** ?�4Mih Lu L�h U�|�it E�f �? �bH2 @?_ �� �? �bb2� @*tL �@�i U�|) Lh UL�?|) �?UL4i

|@ it� ì |h�i_ i?|ih�?} |�i @�ih@}i UL4M�?i_ U�|) @?_ UL�?|) �?UL4i |@ h@|i��e

W|t ULi�U�i?| �@t @*�@)t �?t�}?��U@?|c tL �i hi4L�i_ �| uhL4 |�i tTiU��U@|�L?t�

�** hi}hitt�L?t �t�?} |��t _@|@ti| @*tL UL?|hL* uLh @ � i_ ti| Lu L|�ih _i4L}h@T��U

�@h�@M*it��D A�iti @hi |�i TihUi?| Lu TihtL?t @}i_ SD @?_ L�ihc TihUi?| O�tT@?�Uc

TihUi?| ui4@*ic TihUi?| Lu �L�ti�L*_t |�@| @hi ?L| u@4�*) �L�ti�L*_tc @?_ |�i *L} Lu
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46Wkh Fhqvxv Exuhdx jlyhv glvwulexwlrq lqirupdwlrq iru 4: dqg 58 idplo| lqfrph fdwhjrulhv lq 4<;3

dqg 4<<3/ uhvshfwlyho|1 Iru hdfk flw|0|hdu/ zh frqyhuwhg wklv wr dq diwhu wd{ lqfrph glvwulexwlrq

e| uhgxflqj wkh fdwhjru| erxqgdulhv e| wkh frpelqhg vwdwh dqg ihghudo wd{ udwh iru hdfk eudfnhw

iru hdfk |hdu1 Zh wkhq djjuhjdwhg wkh fdwhjrulhv/ lqwhusrodwlqj zkhuh qhfhvvdu|/ wr hvwlpdwh wkh

sursruwlrq ri idplolhv lq hdfk ri wkh qdwlrqdo diwhu wd{ lqfrph txlqwlohv1 Wd{ udwhv zhuh frpsxwhg

xvlqj wkh lqwhuqhw WD[VLP surjudp ri wkh Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk ^<`> zh wkdqn

Gdq Ihhqehuj iru zrunlqj wr pdnh wklv surjudp dydlodeoh dqg khoslqj xv xvh lw1 Lq frpsxwlqj wd{

udwhv/ zh dvvxphg d pduulhg frxsoh �olqj mrlqwo| zlwk wzr fkloguhq dqg qr rwkhu ghgxfwlrqv1

47Zh xvhg wkh udwhv lq 4<;5 dqg 4<<5 iru revhuydwlrqv lq 4<:<0;3 dqg 4<;<0<3/ uhvshfwlyho|1 Udwhv

zhuh frpsxwhg dv wrwdo wd{ uhfhlswv +iurp ^54`,/ glylghg e| djjuhjdwh shuvrqdo lqfrph lq wkh flw|

+iurp ^55`,1

48Zh dovr shuirup uhjuhvvlrqv rq d vpdoohu gdwdvhw ri 48 phwursrolwdq duhdv> wkhvh uhjuhvvlrqv gr

qrw lqfoxgh dq| frqwuro yduldeohv1
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49Wkhvh lqfoxgh wkh shufhqw djhg 4: dqg xqghu/ shufhqw eodfn/ shufhqw ri krxvhkrogv wkdw duh

pduulhg frxsoh krxvhkrogv/ shufhqw xqhpsor|hg/ pdoh dqg ihpdoh oderu irufh sduwlflsdwlrq udwhv/

dqg wkh shufhqw ri shuvrqv olylqj lq xuedq duhdv1

4:Hdfk vshfl�fdwlrq lq Wdeoh 6 frqwurov iru wkh vdohv wd{ dqg wkh ghprjudsklf fryduldwhv ghvfulehg

lq vhfwlrq 61 Iru sduvlprq|/ zh suhvhqw rqo| wkh frh�flhqw hvwlpdwhv iru wkh lqfrph yduldeohv1

4;Doo lqfrph yduldeohv duh qxpehuv ehwzhhq 3 dqg 4/ phdvxulqj wkh sursruwlrq ri shuvrqv ru

idplolhv lq d jlyhq jurxs1
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Phwursrolwdq Duhd Qdph 4<<3 Srsxodwlrq

Ervwrq~Odzuhqfh~Vdohp/ PD~QK +FPVD, 7/4:4/976

Fklfdjr~Jdu|~Odnh Frxqw|/ LO~LQ~ZL +FPVD, ;/398/966

Fohyhodqg~Dnurq~Orudlq/ RK +FPVD, 5/:8</;56

Gdoodv~Iruw Zruwk/ W[ +FPVD, 6/;;8/748

Ghwurlw~Dqq Dueru/ PL +FPVD, 7/998/569

Krxvwrq~Jdoyhvwrq~Eud}ruld/ W[ +FPVD, 6/:44/376

Orv Dqjhohv~Dqdkhlp~Ulyhuvlgh/ FD +FPVD, 47/864/85<

Pldpl~Iruw Odxghugdoh/ IO +FPVD, 6/4<5/8;5

Qhz \run~Qruwkhuq Q1M1~Orqj Lvodqg/ Q\~QM~FW +FPVD, 4;/3;:/584

Sklodghoskld~Zloplqjwrq~Wuhqwrq/ SD~QM~GH~PG +FPVD, 8/;<</678

Slwwvexujk~Ehdyhu Ydooh|/ SD +FPVD, 5/575/:<;

Vdq Iudqflvfr~Rdnodqg~Vdq Mrvh/ FD +FPVD, 9/586/644

Edowlpruh/ PG +PVD, 5/6;5/4:5

Vw1 Orxlv/ PR~LO +PVD, 5/777/3<<

Zdvklqjwrq/ GF~PG~YD +PVD, 6/<56/8:7
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