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Devwudfw

Wkh vwuxfwxuh dqg frpshwlwlyhqhvv ri d surgxfw pdunhw fdq glvwruw wkh h�hfwlyh0

qhvv dqg frvwv dvvrfldwhg zlwk lqfhqwlyh0edvhg hqylurqphqwdo uhjxodwlrq1 Uhfhqwo|

uhvwuxfwxuhg hohfwulflw| pdunhwv surylgh d xqltxh iruxp wr vwxg| wkh hqylurqphq0

wdo h�hfwv ri pdunhw lpshuihfwlrqv1 Lq sduwlfxodu/ wklv sdshu h{dplqhv krz �upv

lq wkh Plg0Dwodqwlf +SMP, zkrohvdoh hohfwulflw| lqgxvwu| h{huflvhg pdunhw srzhu lq

wkh vxpphu ri 4<<</ fdxvlqj surgxfwlrq lqh�flhqflhv dqg uhgxflqj hplvvlrqv1 Wkh

uhvxowlqj zhoiduh orvvhv dqg uhgxfhg frvwv ri frpso|lqj zlwk hqylurqphqwdo uhjxod0

wlrq duh phdvxuhg e| frpsdulqj revhuyhg ehkdylru zlwk wzr hvwlpdwhv ri wkh vrfldo

rswlpxp1 Hohfwulf xwlolwlhv lq Shqqv|oydqld/ Qhz Mhuvh|/ Pdu|odqg/ dqg Ghodzduh

uhgxfhg VR2 dqg QR% hplvvlrqv e| ryhu 45 shufhqw lq 4<<<1 D vlpxodwlrq ri d

frpshwlwlyh pdunhw dffrxqwv iru rqo| 93( ri wkhvh hplvvlrq uhgxfwlrqv wkdw duh w|s0

lfdoo| dwwulexwhg wr qhz hqylurqphqwdo uhjxodwlrq1 Jlyhq wkh revhuyhg shuplw sulfhv/

zhoiduh orvvhv iurp surgxfwlrq lqh�flhqflhv duh hvwlpdwhg wr eh '494 ploolrq/ dq ;(

lqfuhdvh ryhu rswlpdo surgxfwlrq frvwv1 L whvw wkh urexvwqhvv ri wkhvh uhvxowv xvlqj dq

hfrqrphwulf hvwlpdwlrq ri d frpshwlwlyh pdunhw dffrxqwlqj iru frqvwudlqwv rq dqg

frvwv ri lqfuhdvlqj dqg ghfuhdvlqj jhqhudwru rxwsxw1 Wkh hqylurqphqwdo dqg zho0

iduh lpsolfdwlrqv duh frqvlvwhqw zlwk wkh �uvw prgho1 Wkh lpsolfdwlrqv ri gl�huhqw

uhjxodwru| lqvwuxphqwv duh glvfxvvhg1

MHO Fodvvl�fdwlrq= K56/ O44/ O<7

�Sk1G1 Fdqglgdwh/ Ghsduwphqw ri Hfrqrplfv/ X1F1 Ehunhoh|1 Hpdlo= pdqvxuChfrq1ehunhoh|1hgx1 L

zrxog olnh wr wkdqn Dodq Dxhuedfk/ Shwhu Ehufn/ Vhyhulq Eruhqvwhlq/ Mlp Exvkqhoo/ Vwhskhq Kroodqg/

Dyly Qhyr/ Vwhyh Sxoohu/ Fhohvwh Vdudyld/ dqg Fdwkhulqh Zroiudp1 L dp judwhixo iru ixqglqj iurp wkh

Fdoliruqld Sxeolf Xwlolwlhv Frpplvvlrq dqg wkh Xqlyhuvlw| ri Fdoliruqld Hqhuj| Lqvwlwxwh1

�



� �������	�
��

�� 
�� ��	
 ������� �������� ��� ����������
�� ���
��
��� ���� ��������� �� ���������

���	 ��
� �����
���	 
� �������� ����
�
��� ��� ����

��� ���
����
 ��	
	� ��� 	
�
� 



�� ��� �����
�
�����		 �! � ����
�
 ���"�
 ��	
��
 
�� �#��
�����		 ��� ��	
	 �		����
��

��
� �����
��� ��	�� ����������
�� ���
��
���� $���	 �%����	��� ���"�
 ����� ��
	� ��� 

�
�
��� ���&�������	 
��
 ��	
�
 �� ���!��� ��		�	 �� 
�� ����
�
 ���"�
 �����
�'� �

 ���

��	� �#��
 ���

 ���"�
	�� ���' ����
����
' ���"�
	 
���
���

 
�� ����� ���� �����
�'

��	
�
�

��� �� ����� 
� ������� �� ����
�
��� ��	
	 ��� ����	
���
 ����	���	� ( �
����

�! 	

���	� ��������' !��
	��� �� 
�� )���!����� ��� ������� �����	��� ����
����
' ���"�
	�

���� !�
�� �������� �! ���	 �%����	��� ���"�
 ������2 *�
�������� ��������' ���
��� ��	 


��
���	 �� �����	��� ����
����
' ���"�
	 �	 ���� 
���
���� 
��� �� �
��� ���
	
���	 ����
	�

�! 
�� ����
��� !��	�����
' �! ���	
���� �������� ��	
	 ��� 
�� ���" �! ������ ��	���	��

���	 ����� �%�����	 
�� ������ 
� ����� ����
�
��� ���&�������	 �� 
�� ��� (
���
�� ��

+���	'������ ,�� -��	�' ���'���� .+-�/ �����	��� ���"�
 ���
�� ���!���� ����� ���	 

	���	� ��� ��	� ���������� ��	
	 �! �����
��� ��	�� ����������
�� ���
��
����

����
��� 

���
��	 �� +���	'������� ,�� -��	�'� ���'����� ��� *������� ���
��� ���	 

	���	 �' ���� �� ������
 !��� �001 
� �000 .	�� $��
�� �/�� *
���� 
��	 
���� ������� ���� 


����
' ����
�
��� �� 
��	� 	
�
�	 ������	�� 	����
�' 
� ���
 ������� ������� 2������� 
��

������ �� ����� ������ ��	 ��
 ������� !��� 
�� ������
	 '���� ��� ���	�� ��	 
��



�� ����� ����	���
 )����		��� .��)/ �����
�� 
��
 ����
����
' ���	 
���
���

 
��

,��
���	
 ��		�		 �%���	��� 
������� �����
	 !�� 	
���� ,�% ���		���	�e $
�
��������

4Wklv zloo fohduo| eh wkh fdvh iru odujh glvwruwlrqv lq ghpdqg iru lqsxwv1 Wkh hqyhorsh wkhruhp vwdwhv

wkdw wkhuh zloo eh qr �uvw0rughu h�hfw rq h�flhqw lqsxw pdunhwv1 Krzhyhu/ d suhylrxvo| glvwruwhg lqsxw

pdunhw/ olnh d wd{hg oderu pdunhw/ zloo lqfuhdvh wkh dprxqw ri ghdgzhljkw orvv dvvrfldwhg zlwk pdunhw

srzhu lq d surgxfw pdunhw +Eurzqlqj/ 4<<:,1 Vlploduo|/ pdunhwv wkdw duh uhjxodwru| frqvwuxfwv/ vxfk dv

shuplw pdunhwv/ duh qrw fdsdeoh ri uhvsrqglqj wr 0 dqg duh wkhuhiruh vxvfhswleoh wr 0 pdunhw vkrfnv1
5Iru h{dpsoh/ vhh Eruhqvwhlq/ Exvkqhoo dqg Zrodn +5334,> Sxoohu +5334,> dqg Mrvnrz dqg Ndkq +5334,

iru hylghqfh ri pdunhw srzhu lq Fdoliruqld1 Zrodn dqg Sdwulfn +4<<:, dqg Zroiudp +4<<;/ 4<<<, �qg

hylghqfh ri pdunhw srzhu lq Hqjodqg1
6Dqqxdo VR5 dqg FR5 hplvvlrqv zhuh uhgxfhg e| 46 dqg 45 shufhqw/ uhvshfwlyho|/ wkh odujhvw uhgxfwlrqv

lq wkh 4<<3v1 Dqqxdo QR
{
hplvvlrqv zhuh uhgxfhg e| 4: shufhqw/ vhfrqg rqo| wr d 55 shufhqw uhgxfwlrq lq

4<<61 Dqqxdo hplvvlrqv iru SD/ QM/ PG/ dqg GH zhuh djjuhjdwhg iurp wkh Hqhuj| Lqirupdwlrq Djhqf|*v

Hohfwulf Srzhu Dqqxdo1
7Wzhoyh Qruwkhdvwhuq vwdwhv frpsulvlqj wkh RWF hvwdeolvkhg d wudglqj dqg edqnlqj surjudp ri ql0

wurjhq r{lghv +QR{, hplvvlrqv1 Dq doorzdqfh hqdeohv xwlolwlhv wr hplw d wrq ri QR{ iurp Pd| wkurxjk

Vhswhpehu1 Vrxufhv pd| eh frqvwudlqhg e| rwkhu ihghudo dqg vwdwh hqylurqphqwdo uhjxodwlrqv1 Wkh uhgxf0

wlrqv fdoo iru d juhdwhu wkdq 83 shufhqw uhgxfwlrq iurp 4<<3 hplvvlrq ohyhov ri 7<3/333 wrqv1 Hljkw vwdwhv
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sduwlflsdwhg lq 4<<< +FW/ GH/ PD/ QK/ QM/ Q\/ SD/ dqg UL,1 Wkh sulfh iru shuplwv ihoo iurp '85772wrq

lq Pd| ri 4<<< wr '43<6 lq plg0Vhswhpehu1 Vrph sodqwv pdujlqdo frvwv lqfuhdvhg e| 83(1
8Wlwoh LY ri wkh 4<<3 Fohdq Dlu Dfw Dphqgphqwv hvwdeolvkhg d wudgdeoh shuplwv v|vwhp iru vxoixu

glr{lgh +VR5, hplvvlrqv1 Dqqxdo qdwlrqzlgh hohfwulf xwlolw| srooxwlrq lv fdsshg dw derxw 83 shufhqw ri

4<;3 ohyhov1 D �up fdq rsw wr sxufkdvh shuplwv/ vzlwfk wr orz vxoixu frdo ru lqvwdoo vfuxeehuv1 H{fhvv

shuplwv duh edqnhg ru wudghg1 Wkh �uvw skdvh ehjdq lq 4<<8/ uhjxodwlqj wkh gluwlhvw 6<; xqlwv/ lqfoxglqj

55 xqlwv lq SMP1 Skdvh LL ehjdq lq 5333/ dqg eurxjkw ryhu 5/633 irvvlo ixho xqlwv lqwr frpsoldqfh1 Wkh

lqfuhdvh lq vfrsh ri uhjxodwhg �upv zdv dffrpsdqlhg e| dq lqfuhdvh lq shuplwv1 Ryhudoo/ skdvh LL uhtxluhv

pruh dedwhphqw1 Vrph �upv lqvwdoohg vfuxeehuv lq 4<<< exw qrqh lq SMP1 Gxulqj wkh vxpphu ri 4<<</

wkh sulfh ri wkhvh doorzdqfhv zdv derxw '533 shu wrq1 Wklv fruuhvsrqgv wr derxw rqh groodu shu PZk iru

d frdo sodqw zlwk d khdw udwh ri 45/333 EWX2nZk dqg dq hplvvlrqv idfwru ri 415 oev1 ri VR52ppEWX1
9SMP lv frpsulvhg ri �upv lqyroyhg lq wkh jhqhudwlrq/ wudqvplvvlrq/ dqg glvwulexwlrq ri hohfwulflw| lq

doo ri Qhz Mhuvh|/ Ghozduh/ dqg wkh Glvwulfw ri Froxpeld1 Wkh pdmrulw| ri Shqqv|oydqld dqg Pdu|odqg/

dqg sduw ri Ylujlqld duh dovr lqfoxghg1
:Lq Pdqvxu +5334,/ L �qg pdunhw lpshuihfwlrqv lqfuhdvhg wkh frvw ri surfxuulqj hohfwulflw| lq wkh vsrw

pdunhw e| 74 shufhqw gxulqj wkh vxpphu ri 4<<<1
;Hdfk �up surgxfhv lq d frvw0plqlpl}lqj pdqqhu/ exw roljrsrolvwv rswlpl}h e| surgxflqj zkhuh

pdujlqdo frvwv htxdo pdujlqdo uhyhqxh/ qrw sulfh/ wkhuhe| ohdglqj wr glvwruwlrqv1
<Zkloh frqvxphuv pd| uhvsrqg wr sulfhv/ wkh uhjxodwru| vwuxfwxuh ri hohfwulflw| uhwdlo pdunhwv kdv nhsw

wkh udwh frqvxphuv sd| pruh ru ohvv frqvwdqw1 Ixuwkhupruh/ ihz frqvxphuv revhuyh ru duh uhzdughg iru

uhvsrqglqj wr wkh uhdo0wlph sulfh ri hohfwulflw|1 Wkh ghulyhg ghpdqg iru zkrohvdoh hohfwulflw| lv doprvw

frpsohwho| lqhodvwlf ehfdxvh xwlolwlhv duh pdqgdwhg wr surylgh fxvwrphuv zlwk srzhu dw dq| frvw1
43Iru h{dpsoh/ wkh vwuxfwxuh ri wkh Fdoliruqld hohfwulflw| pdunhw vxjjhvwv wkdw pdunhw srzhu pd| lqfuhdvh
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srooxwlrq zkloh wkh SMP pdunhw lv vwuxfwxuhg vxfk wkdw srooxwlrq zloo olnho| ghfuhdvh1 Vhfwlrq 6 hoderudwhv

rq wklv srlqw1
44Iru h{dpsoh/ vhh Zroiudp +4<<<,/ Eruhqvwhlq/ Exvkqhoo/ dqg Zrodn +5334,/ Mrvnrz dqg Ndkq +5334,/

dqg Pdqvxu +5334,1
45Wklv olwhudwxuh kdv irfxvhg rq djjuhjdwh phdvxuhv ri sulfh glvwruwlrqv/ qdpho|/ frpsdulqj revhuyhg

sulfhv zlwk wkrvh sulfhv dvvrfldwhg zlwk d shuihfwo| frpshwlwlyh pdunhw1 Qrw dffrxqwlqj iru lqwhuwhpsrudo

frqvwudlqwv zkhq phdvxulqj frpshwlwlyh sulfhv suredeo| ohdgv wr r�vhwwlqj eldvhv1 Eruhqvwhlq/ Exvkqhoo/

dqg Zrodn +5334, dovr xvh wklv whfkqltxh wr hvwlpdwh zhoiduh lpsolfdwlrqv lq wkh Fdoliruqld hohfwulflw|

pdunhw1
46Zkloh ljqrulqj lqwhuwhpsrudo frqvwudlqwv lq sulfh hvwlpdwhv pd| ohdg wr lqvljql�fdqw eldvhv/ wkh| sr0

whqwldoo| srvh pruh ri d sureohp iru txdqwlw|0edvhg phdvxuhphqwv olnh srooxwlrq dqg zhoiduh lpsolfdwlrqv1

Nqrzlqj wkh fkdudfwhulvwlfv ri h{dfwo| zklfk xqlwv duh d�hfwhg e| lpshuihfw frpshwlwlrq duh olnho| wr eh

lpsruwdqw1
47D fds0dqg0wudgh shuplw v|vwhp sodfhv d v|vwhp0zlgh fds rq wrwdo srooxwlrq1 Ilupv fdq wudgh shuplwv

iru wkh uljkw wr srooxwh vr orqj dv wkh wrwdo fds lv qr h{fhhghg1 Hyhq wkrxjk djjuhjdwh hplvvlrqv zloo eh

xqh�hfwhg/ wkh vsdwldo dqg whpsrudo glvwulexwlrq ri wkh hplvvlrqv zloo fkdqjh dv d uhvxow ri pdunhw srzhu
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48Wkh dprxqw ri ghpdqg phw rq wkh vsrw pdunhw lv uhsruwhg lq PPX +5333,1 Wkh 63 shufhqw ri ghpdqg

phw e| elodwhudo frqwudfwv zdv dq hvwlpdwh e| Mrh Erzulqj ri wkh PPX lq d shuvrqdo frppxqlfdwlrq1
49Rqo| rqh xwlolw| sodqw zdv vrog dqg qrqh zdv uhwluhg iurp 4<<; wkurxjk Rfwrehu 4<<<1 Hglvrq Plvvlrq

P)W erxjkw Krphu Flw| iurp ShqHohf lq Pdufk 4<<<1 Vlwkh erxjkw 54 sodqwv lq Qryhpehu ri 4<<< iurp

ShqHohf +<,/ QM Fhqwudo +7,/ dqg PhwHg +;,1 Vxqexu| vhsdudwhg iurp SSO dovr lq Qryhpehu1 JSX

Qxfohdu vrog Wkuhh Ploh Lvodqg wr DphuJhq lq Ghfhpehu1 Ohvv wkdq :33 PZ zhuh exlow dw wklv wlph e|

xwlolwlhv dqg qrq0xwlolwlhv1 Lq Dxjxvw 4<<</ DHV vwduwhg d 533 PZ sodqw lq Fxpehuodqg/ PG1 Qrq0xwlolw|

jhqhudwruv lq Shqqv|oydqld/ Qhz Mhuvh|/ Pdu|odqg/ dqg Ylujlqld exlow 7;4 PZ ri fdsdflw|/ derxw kdoi ri

zklfk zhuh dydlodeoh e| Dsulo 4<<< +HLD irup ;93 d/e,1
4:SMP dffrpprgdwhv wudqvplvvlrq frqvwudlqwv e| xvlqj zkdw lv nqrzq dv _qrgdo% sulflqj +Vfkzhssh/

;
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Fdudpdqlv/ Wderuv/ dqg Erkq/ 4<;;,1 Hdfk qrgh lv d srlqw zkhuh hqhuj| lv vxssolhg/ ghpdqghg/ ru

wudqvplwwhg1 Wkh SMP hqhuj| pdunhw fdq kdyh ryhu 5/333 sulfhv hyhu| �yh plqxwhv zkhq frqjhvwlrq

rffxuv1 Wkh wudqvplvvlrq v|vwhp zdv frqvwudlqhg derxw 53 shufhqw ri wkh krxuv lq wkh vxpphu ri 4<<<1
4;Wkh v|vwhp rshudwruv srvw wkh _fdoo0rxw% sulfh hohfwurqlfdoo| dqg �upv uhvsrqg wr lw1 Wkh kljkhvw elg

ri wkrvh xqlwv zloolqj wr vhoo ghwhuplqhv wkh htxloleulxp sulfh/ jlyhq wkdw wkh elgv gr qrw h{fhhg wkh fdoo0rxw

sulfh ru wkh '43332PZk fds1 Wkh glvsdwfkhuv udlvh wkh fdoo0rxw sulfh li wkh vxsso| r�huhg dw wkh fdoo0rxw

sulfh idlov wr phhw ghpdqg1 Wklv surfhvv ri uhdfklqj wkh htxloleulxp frqwlqxhv dv orqj dv ghpdqg grhv

qrw dssurdfk jhqhudwlrq fdsdflw| olplwv1 Dq hphujhqf| dfwlrq zloo eh fdoohg li ghpdqg qhduv fdsdflw|1

Doo elgv pxvw eh wdnhq ehiruh hphujhqf| uhfdoov ru sxufkdvhv fdq eh pdgh1
4<Wkh lqfhqwlyhv ri sxeolfo|0rzqhg xwlolwlhv pd| eh xqfohdu hyhq zkhq �upv nqrz li wkh| duh qhw ex|huv

ru vhoohuv1 Qhw ex|huv pljkw fkrrvh wr h{huflvh prqrsvrq| srzhu e| uxqqlqj wkhlu pruh h{shqvlyh xqlwv

zlwk frvwv deryh wkh pdunhw sulfh vr dv wr ghpdqg ohvv iurp wkh pdunhw dqg orzhu wkh sulfh sdlg rq wkhlu

sxufkdvhg jhqhudwlrq1 Krzhyhu/ lw lv xqfohdu wkdw �upv zrxog eh uhzdughg iru wklv ehkdylru e| uhjxodwruv

dv lw uhtxluhv lqh�flhqw surgxfwlrq fkrlfhv1 Ilupv frxog qrw ljqruh sxufkdvh reoljdwlrqv ehfdxvh wkh uhwdlo

udwh zdv iur}hq1 Zlwkrxw d fds/ wkh �upv frxog lqfuhdvh wkh pdunhw sulfh dqg sdvv wkh udwh lqfuhdvh rq

wr fxvwrphuv1
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53Shqqv|oydqld Hohfwulf +Shqhohf, kdv 47( ri wkh jhqhudwlrq pdunhw dqg 8( ri wkh shdn ghpdqg/

vxjjhvwlqj wkdw wkh| wrr zrxog dfw dv sulfh0vhwwhuv1 Krzhyhu/ wkh sduhqw frpsdq| JSX Lqf1/ zklfk

lv frpsulvhg ri Mhuvh| Fhqwudo Srzhu ) Oljkw Frpsdq|/ Phwursrolwdq Hglvrq Frpsdq|/ Shqqv|oydqld

Hohfwulf Frpsdq|/ dqg JSX qxfohdu/ kdv 53( ri erwk jhqhudwlrq dqg ghpdqg1 Ixuwkhupruh/ ShqHohf

zdv lq wkh surfhvv ri vhoolqj d odujh sruwlrq ri lwv fdsdflw| wr Vlwkh gxulqj wklv shulrg dqg glg qrw dfwlyho|

sduwdnh lq elgglqj _pdunhw0edvhg% elgv1
54SMP frghv wkh sxeolfo| dydlodeoh elgglqj gdwd vr wkdw wkh lghqwlwlhv ri wkh �upv dqg xqlwv duh xqnqrzq1

Dffruglqj wr Wkh Zdoo Vwuhhw Mrxuqdo/ Dxjxvw 7/ 4<<<= _Dq dqdo|vlv ri wudglqj gdwd iurp wkdw gd| vkrzv

wkdw SHFR Hqhuj| Frus1 dqg SSO Frus1/ wkh rog Sklodghoskld Hohfwulf Fr1 dqg Shqqv|oydqld Srzhu )

Oljkw/ pdgh wkh prvw ri vwhdp| frqglwlrqv 1111 Zkdw SHFR dqg SSO glg zdv r�hu pxfk ri wkhlu rxwsxw

dw orz sulfhv vr wkdw wkh pdmrulw| ri wkhlu sodqwv zrxog eh fdoohg lqwr vhuylfh1 Exw nqrzlqj ghpdqg zdv

vr kljk/ wkh| r�huhg srzhu iurp wkhlu wlqlhvw sodqwv dw ydvwo| kljkhu elgv/ lq d zd| wkdw riwhq vhw wkh shdn

sulfh iru d qxpehu ri krxuv1%
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55Xqolnh prvw pdunhwv zhuh h{fhvv ghpdqg zloo vhqg vljqdov wr udlvh sulfhv/ hohfwulflw| pdunhwv uhvsrqg

e| wkh hqwluh v|vwhp froodsvlqj1 Rshudwruv pxvw uhvruw wr wdfwlfv vxfk dv uroolqj eodfnrxwv wr suhyhqw wklv

iurp rffxuulqj1
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56Eruhqvwhlq/ Exvkqhoo/ dqg Nqlwwho +4<<:, vlpxodwh Frxuqrw htxloleuld iru wkh SMP pdunhw1 Wkh| �qg

vxevwdqwldo sulfh0frvw pdujlqv deryh prghudwh ghpdqg ohyhov +�6: JZ,1 Mrvnrz +4<<:, dqdo|}hv wkh SMP

pdunhw xvlqj KKL phdvxuhv wr h{dplqh wkh sursrvhg Edowlpruh Jdv ) Hohfwulf dqg SHSFR phujhu1
57Vhh Fursshu dqg Rdwhv +4<<5, ru Kdqoh|/ Vkrjuhq/ dqg Zklwh +4<<:, iru dq ryhuylhz ri wklv olwhudwxuh1

Vhpldo zrunv lqfoxgh Sljrx +4<6;, rq rewdlqlqj wkh �uvw0ehvw e| wd{lqj wkh h{whuqdolw| dqg Furfnhu +4<99,

rq hvwdeolvklqj d wudgdeoh hplvvlrq shuplw pdunhw wr rewdlq wkh rswlpdo rxwfrph1
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58Wzr uhodwhg duhdv ri hpslulfdo uhvhdufk frqfhuq surgxfwlylw| dqg hqylurqphqwdo uhjxodwlrq +iru h{0

dpsoh/ vhh Jroors dqg Urehuwv/ 4<;6> Jud| dqg Vkdgehujldq/ 5334,/ dqg wd{dwlrq ri lpshuihfw pdunhwv

irfxvlqj rq wkh fljduhwwh lqgxvwu| +iru h{dpsoh/ vhh Gholsdood dqg R*Grqqhoo 5334,1
59Wklv vxjjhvwv wkdw vlpxodwlrqv dvvxplqj h�flhqw ehkdylru pd| eh plvohdglqj/ hvshfldoo| lq d uhjxodwhg

pdunhw1 Hohfwulflw| uhvwuxfwxulqj zdv lqwhqghg wr ohdg wr pruh h�flhqw surgxfwlrq dqg lqyhvwphqw1 Dv

vxfk/ uhvhdufk rq wkh hqylurqphqwdo lpsdfwv ri uhvwuxfwxulqj kdv irfxvhg rq krz frpshwlwlrq ohdgv wr sur0

gxfwlrq h�flhqf| jdlqv/ ixho vzlwfklqj sduwlfxoduo| e| qhz lqyhvwphqwv/ ghpdqg uhvsrqvh wr orzhu sulfhv/

dqg �up uhvsrqvlyhqhvv wr lqfhqwlyh0edvhg dssurdfkhv wr hqylurqphqwdo uhjxodwlrq1 Exuwudz/ Sdophu/ dqg

Khlqw}hopdq +5333, uhylhz wkh vwdwh ri wkh olwhudwxuh rq hqylurqphqwdo lpsdfwv ri uhvwuxfwxulqj1
5:Rdwhv dqg Vwudvvpdqq +4<;7, vxjjhvw wkdw ljqrulqj pdunhw vwuxfwxuh zloo olnho| ohdg wr vpdoo lqh�flhq0

flhv zkhq ghwhuplqlqj wkh hplvvlrqv uhjxodwlrq1 Fursshu dqg Rdwhv +4<<5, qrwh wkdw lq dq hfrqrplfdoo|

uhjxodwhg pdunhw wklv zloo qrw qhfhvvdulo| eh wkh fdvh1 Ixuwkhupruh/ li vpdoo fkdqjhv lq surgxfwlrq ohdg

wr glvfuhwh hqylurqphqwdo lpsolfdwlrqv/ pdunhw vwuxfwxuh zloo pdwwhu1
5;D uhodwhg olwhudwxuh frqfhuqv pdunhw lpshuihfwlrqv lq wkh shuplw pdunhwv gluhfwo|1 Kdkq +4<;7,

glvfxvvhv krz �upv h{huflvh prqrsrolvwlf ru prqrsvrqlvwlf srzhu ghshqglqj rq wkhlu qhw srvlwlrqv ri

shuplwv1 Plvlrohn dqg Hoghu +4<;<, dqg Vduw}hwdnlv +4<<:d, glvfxvv krz �upv pd| zdqw wr glvwruw wkh

shuplw pdunhw lq rughu wr udlvh ulydov* frvwv1 Vwdylqv +4<<8, glvfxvvhv krz wudqvdfwlrq frvwv glvwruw shuplw

pdunhwv1
5<Vduw}hwdnlv +4<<:e, frqvwuxfwv d prgho ri roljrsrolvwlf frpshwlwlrq lq d surgxfw pdunhw dqg glvfxvvhv

wkh wudgh r� ri frppdqg0dqg0frqwuro yhuvxv pdunhw lqfhqwlyh uhjxodwlrq xqghu lpshuihfw lqirupdwlrq1
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63Jurvv surgxfwlrq lqfoxghv hohfwulflw| jhqhudwhg iru wkh �upv rzq rq0vlwh xvh1 Wkh qhw jhqhudwlrq lv

dssur{lpdwho| <3 wr <8 shufhqw ri jurvv1 L fdofxodwh qhw surgxfwlrq e| xvlqj wkh xwlol}dwlrq udwh lpsolhg
iurp wkh FHPV gdwd dqg qhw fdsdflw| iurp wkh Surv|p prgho +Ndkq/ 5333,1 L gh�qh wkh xwlol}dwlrq udwh

dv ehlqj fxuuhqw jurvv surgxfwlrq glylghg e| wkh pd{lpxp revhuyhg jurvv surgxfwlrq lq p| vdpsoh1 Doo

xqlwv ryhu 58 phjdzdwwv dqg qhz xqlwv xqghu 58 phjdzdwwv wkdw xvh ixho zlwk d vxoixu frqwhqw juhdwhu
wkdq 3138 shufhqw e| zhljkw duh uhtxluhg wr phdvxuh dqg uhsruw hplvvlrqv xqghu wkh Dflg Udlq Surjudp1

Wkh gdwd duh uhsruwhg txduwhuo| vr li d xqlw glg qrw rshudwh lq wkdw txduwhu/ wkhq lw zloo qrw eh lq wkh

vdpsoh1 L uhvwulfw revhuydwlrqv wr rqo| wkrvh xqlwv wkdw rshudwhg lq wkh sdvw zhhn1 Sxoohu +5334, xvhv wkhvh
gdwd lq hvwlpdwlqj �up ehkdylru lq wkh Fdoliruqld hohfwulflw| pdunhw1
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64Vhh Pdqvxu +5334, iru ixuwkhu glvfxvvlrq rq ghwhuplqlqj pdujlqdo surgxfwlrq frvwv1
65Fdqwru Ilw}jhudog lv d wudglqj frpsdq| wkdw frqvwuxfwv prqwko| shuplw sulfh lqglfhv iru wkh QR{ dqg

VR5 pdunhwv1 Wkh hplvvlrq udwhv duh fdofxodwhg iru hyhu| wkuhh prqwkv +Mdq0Pdu/ Dsu0Mxo/ hwf1, edvhg

rq djjuhjdwh wrqv ri srooxwlrq dqg djjuhjdwh khdw lqsxw1 Wkh hplvvlrq udwhv gr qrw fkdqjh vljql�fdqwo|

ryhu wkh wlph shulrg ri p| vdpsoh1
66Wkh xwlol}dwlrq udwh lv wkh iudfwlrq ri fdsdflw| xvhg wr surgxfh jhqhudwlrq lq d jlyhq krxu1
67Kljk hplvvlrq udwhv duh gh�qhg dv wkrvh zlwk udwhv deryh d srxqg ri VR5 shu ppEWX xvlqj hplvvlrq

udwhv iurp wkh HSD1 Wklv ohyho zdv wkh phgldq hplvvlrq udwh iru rlo dqg frdo xqlwv lq wkh vdpsoh1 Vlplodu
�qglqjv uhvxow iurp xvlqj QR

{
hplvvlrq udwhv wr vwudwli| xqlw w|shv1
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68Vhh Zroiudp +4<<<, rq wkh XN> Eruhqvwhlq/ Exvkqhoo/ dqg Zrodn +5334,/ dqg Mrvnrz dqg Ndkq +5334,
rq Fdoliruqld> dqg Pdqvxu +5334, rq SMP1
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