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0DQ\�QHWZRUNV� VXFK� DV� WKH� ,QWHUQHW� KDYH�EHHQ� IRXQG� WR� SRVVHVV� VFDOH�IUHH� DQG� VPDOO�ZRUOG� QHWZRUN

SURSHUWLHV�UHIOHFWHG�E\�VR�FDOOHG�SRZHU�ODZ�GLVWULEXWLRQV��6FDOH�IUHH�SURSHUWLHV�HYROYH�LQ�ODUJH�FRPSOH[

QHWZRUNV�WKURXJK�VHOI�RUJDQL]LQJ�SURFHVVHV�DQG�PRUH�VSHFLILFDOO\��SUHIHUHQWLDO�DWWDFKPHQW��1HZ�QRGHV

LQ�D�QHWZRUN�WHQG�WR�DWWDFK�WKHPVHOYHV�WR�RWKHU�YHUWLFHV�WKDW�DUH�DOUHDG\�ZHOO�FRQQHFWHG��%HFDXVH�WUDIILF

LV�URXWHG�PDLQO\�WKURXJK�D�IHZ�KLJKO\�FRQQHFWHG�DQG�FRQFHQWUDWHG�YHUWLFHV��WKH�GLDPHWHU�RI�WKH�QHWZRUN

LV� VPDOO� LQ� FRPSDULVRQ� WR� RWKHU� QHWZRUN� VWUXFWXUHV�� DQG�PRYHPHQW� WKURXJK� WKH� QHWZRUN� LV� WKHUHIRUH

HIILFLHQW�� $W� WKH� VDPH� WLPH�� WKLV� HIILFLHQF\� IHDWXUH� SXWV� VFDOH�IUHH� QHWZRUNV� DW� ULVN� IRU� EHFRPLQJ

GLVFRQQHFWHG�RU�VLJQLILFDQWO\�GLVUXSWHG�ZKHQ�VXSHU�FRQQHFWHG�QRGHV�DUH�UHPRYHG�HLWKHU�XQLQWHQWLRQDOO\

RU�WKURXJK�D�WDUJHWHG�DWWDFN�RU�H[WHUQDO�IRUFH�

7KH�SUHVHQW�SDSHU�ZLOO�H[DPLQH�DQG�FRPSDUH�SURSHUWLHV�RI� WHOHFRPPXQLFDWLRQV�QHWZRUNV�IRU�ERWK

WKH� 8QLWHG� 6WDWHV� DQG� (XURSH�� %RWK� W\SHV� RI� QHWZRUNV� ZLOO� EH� H[DPLQHG� LQ� WHUPV� RI� WKHLU� QHWZRUN

WRSRORJ\� DQG� VSHFLILFDOO\� ZKHWKHU� RU� QRW� WKH\� DUH� VFDOH�IUHH� QHWZRUNV� WR� EH� IXUWKHU� H[SORUHG� E\

LGHQWLI\LQJ�DQG�SORWWLQJ�SRZHU�ODZ�GLVWULEXWLRQV��1H[W��HFRQRPLF��SROLWLFDO�DQG�FXOWXUDO�IDFWRUV�PD\�EH

XVHG�WR�H[SODLQ�GLIIHUHQFHV�LQ�QHWZRUN�VWUXFWXUHV�EHWZHHQ�WKH�8QLWHG�6WDWHV�DQG�(XURSH��,Q�DGGLWLRQ��WKH

SDSHU� ZLOO� LGHQWLI\� GDWD� DQG� PRGHOLQJ� WRROV� WKDW� DUH� QHHGHG� WR� IDFLOLWDWH� IXUWKHU� FURVV�$WODQWLF

FRPSDUDWLYH�VWXGLHV�RI�FRPPXQLFDWLRQV�QHWZRUNV�
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���,QWURGXFWLRQ

1HWZRUN�FRQQHFWLYLW\�KDV� LQFUHDVLQJO\�EHFRPH�D�PDMRU� UHVHDUFK� LVVXH��:LWK� WKH�DGYHQW�RI� WKH�:RUOG

:LGH� :HE� DQG� WKH� ,QWHUQHW�� FRPSOH[� QHWZRUN� IRUPDWLRQV� KDYH� HPHUJHG� WKDW� FDOO� IRU� D� WKRURXJK

IXQFWLRQDO� DQG� JHRJUDSKLF� DQDO\VLV�� ,Q� UHFHQW� \HDUV� VHYHUDO� FRQWULEXWLRQV� KDYH� HPHUJHG� DW� WKH

LQWHUVHFWLRQ�RI�JHRJUDSK\�DQG�QHWZRUN�DQDO\VLV� �VHH� LQWHU�DOLD�%DUDEDVL�DQG�$OEHUW��������$OEHUW� DQG

%DUDEDVL��������$PDUDO�HW�DO���������*RUPDQ�DQG�.XONDUQL��������0DOHFNL�DQG�*RUPDQ��������5LQDOGL

HW�DO���������0DOHFNL��������%DUWKHOHP\��������*RUPDQ�DQG�.XONDUQL���������6XFK�VWXGLHV�DGGUHVV�WKH

SRVLWLRQ�RI�QRGHV� �H�J��� FLWLHV�� KXEV�� DV�ZHOO� DV� WKH� GLIIXVLRQ� SDWWHUQV� RI� IORZV� LQ� FRPSOH[� QHWZRUNV�

ZLWK� GXH� HPSKDVLV� RQ� URXWH� OHQJWK�� QRGDO� FOXVWHULQJ�� DQG� SRZHU� ODZ� DQG� H[SRQHQWLDO� FRQQHFWLYLW\

GLVWULEXWLRQV�� 0RVW� FRPSOH[� QHWZRUNV� DSSHDUHG� QRW� WR� KDYH� D� UDQGRP� IRUPDWLRQV�� EXW� D� ORFDOO\

RUJDQL]HG�VWUXFWXUH�RI�QRGHV�RU�FOXVWHUV��OHDGLQJ�WR�µVPDOO�ZRUOGV¶��FI��:DWWV�DQG�6WURJDW]���������6XFK

µVPDOO� ZRUOGV¶� LQ� FRPSOH[� QHWZRUNV� WHQG� WR� KDYH� D� KHDY\� WDLOHG� FRQQHFWLYLW\� GLVWULEXWLRQ� �ZLWK� DQ

LQYHUVH�UHODWLRQVKLS�EHWZHHQ�WKH�QXPEHU�RI�QRGHV�DQG�WKH�QXPEHU�RI�FRQQHFWLQJ�OLQNV���LQ�FRQWUDVW�WR�D

UDQGRP�GLVWULEXWLRQV��ZLWK�DQ�H[SRQHQWLDOO\�GHFOLQLQJ�SUREDELOLW\� WR� ILQG�KLJKO\�FRQQHFWHG�QRGHV��� ,Q

WKH�FDVH�RI�LQFUHPHQWDO�JURZWK�LQ�D�FRPSOH[�QHWZRUN��QHZ�QRGHV�WHQG�WR�EH�PRUH�OLNHO\�WR�FRQQHFW�ZLWK

H[LVWLQJ�ZHOO�OLQNHG�QRGHV��&RQVHTXHQWO\��KXEV�WHQG�WR�UHLQIRUFH�WKHPVHOYHV��6XFK�QHWZRUNV�DUH�RIWHQ

FRLQHG�µVFDOH�IUHH�QHWZRUNV¶�

7KLV� SDSHU� FRPSDUHV� WKH� GLVWULEXWLRQ� DQG� FRQQHFWLYLW\� SURSHUWLHV� RI� WZR� WHOHFRPPXQLFDWLRQV

QHWZRUNV�� WKH� SK\VLFDO� ILEHU� QHWZRUN� RI� 1RUWK� $PHULFD� DQG� WKH� SDQ�(XURSHDQ� ILEHU� RSWLF� QHWZRUN�

7KHUH� DUH� ILYH� VHFWLRQV� WR� WKH� SDSHU� IROORZLQJ� WKH� LQWURGXFWLRQ�� 7KH� ILUVW� SURYLGHV� D� KLVWRULFDO

SHUVSHFWLYH� RI� WHOHFRPPXQLFDWLRQV� GHSOR\PHQW� LQ� HDFK� UHJLRQ� DORQJ� ZLWK� D� GHVFULSWLRQ� RI� WKH

UHJXODWRU\�DQG� LQVWLWXWLRQDO� IUDPHZRUNV� WKDW�KDYH�FRQWULEXWHG� WR� WKHVH� WUHQGV��6HFWLRQ� WKUHH�GLVFXVVHV

FRPSOH[� QHWZRUN� WKHRU\� DQG� WKH�PHWKRGRORJ\� XVHG� LQ� WKLV� VWXG\� WR� FRPSDUH� WKH� 8QLWHG� 6WDWHV� DQG

(XURSH� LQ� WHUPV�RI�QHWZRUN�FRQQHFWLYLW\��7KH� UHVXOWV�RI� WKH� HPSLULFDO� LQYHVWLJDWLRQV�DUH�SUHVHQWHG� LQ

6HFWLRQ�IRXU�DQG�FRQFOXGLQJ�UHPDUNV�DQG�GLUHFWLRQV�IRU�IXWXUH�UHVHDUFK�LQ�6HFWLRQ�ILYH�

���(XURSH�DQG�WKH�8QLWHG�6WDWHV��&RPSDULQJ�'HYHORSPHQW�DQG�'HUHJXODWLRQ�3ROLFLHV

�����3UHIDFH

7KH�QDWLRQV�RI�(XURSH��RQ�DYHUDJH��ODJ�WKH�8QLWHG�6WDWHV�LQ�WHUPV�RI�WHOHFRPPXQLFDWLRQV�GHSOR\PHQW

DQG� PDUNHW� GHYHORSPHQW�� DOWKRXJK� WKLV� LV� FKDQJLQJ�� DV� (XURSH� WUDQVLWLRQV� WR� D� PRUH� FRPSHWLWLYH



�

UHJLPH��7KLV�VHFWLRQ�SURYLGHV�D�KLVWRULFDO�SHUVSHFWLYH�RI�WKHVH�WUHQGV�IRFXVLQJ�RQ�KRZ�WKH�LQVWLWXWLRQDO

DQG� UHJXODWRU\� IUDPHZRUNV� KDYH� HYROYHG� LQ� WKH� WZR� UHJLRQV�� HVWDEOLVKLQJ� D� EDVH� IURP� ZKLFK� WKH

ILQGLQJV�RI�WKH�HPSLULFDO�DQDO\VLV�FDQ�EH�LQWHUSUHWHG�

�����7HOHFRPPXQLFDWLRQV�1HWZRUNV�LQ�WKH�8QLWHG�6WDWHV�DQG�WKH�5ROH�RI�'HUHJXODWLRQ

7KH�WHOHFRPPXQLFDWLRQV�UHYROXWLRQ�ZDV�LQLWLDWHG�E\�GHUHJXODWLRQ�RI� WKH�WHOHFRPPXQLFDWLRQV�LQGXVWU\�

ZKLFK�WXUQHG�VWDWH�VXEVLGL]HG�PRQRSROLHV� LQWR�SULYDWH�PDUNHW�FRPSHWLWRUV��3ULYDWH� ILUPV��HYHQ�EHIRUH

UHJXODWLRQ�� KDG� VXSSOLHG� DGYDQFHG� WHOHFRPPXQLFDWLRQ� VHUYLFHV�� EXW� GHUHJXODWLRQ� KDV�PRYHG� WKH� YDVW

PDMRULW\� RI� WKH� ZRUOG¶V� WHOHFRPPXQLFDWLRQ� QHWZRUNV� LQWR� SULYDWH� FRQWURO� �2(&'�� ������� 3ULYDWHO\

RSHUDWHG�QHWZRUNV�LQ�D�FRPSHWLWLYH�HQYLURQPHQW�ZLOO�UHVSRQG�PDLQO\�WR�PDUNHW�SUHVVXUHV�RI�VXSSO\�DQG

GHPDQG� �*LOOHVSLH� DQG� 5RELQV�� ������� 7KH� ODUJHVW� QHWZRUN� RI� LQWHUFRQQHFWHG� SULYDWHO\� RSHUDWHG

QHWZRUNV� LV� WKH� ,QWHUQHW�� DQG�� DV� D� UHVXOW�� LW� LV� D� ODUJHO\� XQUHJXODWHG� V\VWHP� LQWR� ZKLFK� FRUSRUDWH

QHWZRUNV�KDYH�FRQQHFWHG��6FKLOOHU���������&UDQGDOO��������DUJXHV�WKDW�GHUHJXODWLRQ�LV�D�NH\�LQJUHGLHQW

IRU� WKH� VXFFHVVIXO� JURZWK� RI� DGYDQFHG� WHOHFRPPXQLFDWLRQ� VHUYLFHV� OLNH� WKH� ,QWHUQHW�� ³WKH� FDVH� IRU

JRYHUQPHQW�VXSSRUW�DQG�GLUHFWLRQ�RI�WHOHFRPPXQLFDWLRQ�LQIUDVWUXFWXUH�LQYHVWPHQW�UHPDLQV�YHU\�ZHDN´

�&UDQGDOO��������S�������,Q�IDFW��WKH�)HGHUDO�&RPPXQLFDWLRQ�&RPPLVVLRQ¶V��)&&��RIILFLDO�VWDWXV�IRU�WKH

,QWHUQHW�LV�DV�DQ�XQUHJXODWHG�QHWZRUN��2[PDQ��������

7KH� H[FHSWLRQ� WR� ,QWHUQHW¶V� ODFN� RI� UHJXODWLRQ� LV� ³ODVW� PLOH´� DFFHVV� WKDW� SURYLGHV� VHUYLFHV� OLNH

EURDGEDQG�WR�KRPHV��³/DVW�PLOH´�LQIUDVWUXFWXUH�LV�SUHGRPLQDQWO\�RZQHG�E\�UHJLRQDO�PRQRSROLHV��HLWKHU

WKH� UHJLRQDO� %HOO� WHOHSKRQH� FRPSDQLHV� RU� UHJLRQDO� FDEOH� WHOHYLVLRQ� SURYLGHU�� ,Q� VRPH� DUHDV� RI� WKH

8QLWHG� 6WDWHV� WKH� UHJLRQDO� PRQRSROLHV� KDYH� EHHQ� IRUFHG� WR� VKDUH� RU� XQEXQGOH� WKHLU� QHWZRUN

LQIUDVWUXFWXUH�WR�DOORZ�FRPSHWLWRUV�WR�RIIHU�EURDGEDQG�VHUYLFH�WR� WKH�KRPH��7KH�FXUUHQW�SROLF\�GHEDWH

RYHU� ZKHWKHU� WR� FRPSOHWHO\� RSHQ� WKHVH� PDUNHWV� WR� XQIHWWHUHG� FRPSHWLWLRQ� �L�H�� RSHQ� DFFHVV�

�%LWWOLQJPD\HU� DQG� +D]OHWW�� ������� RU� OLPLW� EURDGEDQG� SURYLVLRQ� WR� RQO\� WKH� UHJLRQDO� PRQRSROLHV�

IRFXVLQJ�UHJXODWLRQ�RQ�HQFRXUDJLQJ�PRQRSROLHV�WR�SURYLGH�DFFHVV�WR�XQGHUUHSUHVHQWHG�DUHDV��.DODNRWD

HW�DO����������FRQWLQXHV��7KH�GHEDWH�KDV�WDNHQ�WKH�IRUP�RI�OHJLVODWLYH�DFWLRQV��OLNH�WKH�SURSRVHG�7DX]LQ�

'LQJDOO� %LOO�� ZKLFK� ZRXOG� OLPLW� EURDGEDQG� SURYLVLRQ� WR� RQO\� WKH� UHJLRQDO� PRQRSROLHV�� 6RPH� KDYH

SURJQRVWLFDWHG� WKDW�ZLUHOHVV� ORFDO� ORRS�VROXWLRQ�FRXOG�EH� WKH�VROXWLRQ� WR� WKH�³ODVW�PLOH´�GLOHPPD��EXW

WKLV� WRR� GHSHQGV� RQ� SXEOLF� SROLF\� DFWLRQV
�
WKDW� PDNH� HOHFWUR�PDJQHWLF� VSHFWUXP� DYDLODEOH� IRU� QHZ

WHFKQRORJLHV�WR�EURDGFDVW�RYHU��(FRQRPLVW��������

�
0RUH� UDGLFDO� SROLF\� VWUDWHJLHV� FDOO� IRU� WKH� GHUHJXODWLRQ� RI� VSHFWUXP� DOORFDWLRQ� ZKHUH� VSHFWUXP� LV� WUHDWHG� DV� SURSHUW\�

DOORZLQJ�WKH�RZQHU�WR�XVH�WKHLU�IUHTXHQF\�IRU�ZKDWHYHU�DSSOLFDWLRQ�WKH\�VHH�EHVW�ILW��RU�PRVW�SURILWDEOH��(FRQRPLVW��������
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,Q�WKH�FXUUHQW�GHUHJXODWHG�PDUNHW��ZKHUH�GHPDQG�LV�JUHDWHVW��WHOHFRPPXQLFDWLRQV�ZLOO�EH�VXSSOLHG�

UHVXOWLQJ� LQ�JHRJUDSKLF�ELDVHV��7KH�SULQFLSDO�ELDV� LV� ORFDWLRQV�ZLWK�DJJORPHUDWLRQV�RI�SRSXODWLRQ�DQG

HFRQRPLF� DFWLYLW\�ZLOO� EH�GLVSURSRUWLRQDWHO\� VXSSOLHG� WHOHFRPPXQLFDWLRQV� VHUYLFHV� DQG� LQIUDVWUXFWXUH

�*DVSHU�DQG�*ODHVHU��������0RVV��������0DOHFNL���������7KLV�VXJJHVWV�WKDW�FRPPXQLFDWLRQ�LQQRYDWLRQV

SURSDJDWH�D�FRUH�SHULSKHU\�HIIHFW�RI�,7��ZKHUH�D�PRUH�UHILQHG�VSDWLDO�GLYLVLRQ�RI�³LQIRUPDWLRQ�ODERXU´

KDV�GHYHORSHG��+HSZRUWK��������S��������7KH�DJJORPHUDWLRQ�RI�GHPDQG�DQG�VNLOOHG�ODERU�LV�WKH�EDVLV�RI

WKH� RSSRVLQJ� DUJXPHQW�� WKDW� ZH� ZLOO� QRW� VHH� FRPPXQLFDWLRQ� WHFKQRORJLHV� FDXVLQJ� WKH� ³HQG� RI

JHRJUDSK\´�RU�WKH�GHFHQWUDOL]DWLRQ�RI�HFRQRPLF�DFWLYLW\��7KH�IXQGDPHQWDO�TXHVWLRQ�VHSDUDWLQJ�WKH�WZR

DUJXPHQWV� LV�ZKHWKHU� WKH�FRUH� �ODUJH�XUEDQ�DUHDV��RU� WKH�SHULSKHU\��UXUDO�DQG�VPDOO�XUEDQ�DUHDV��ZLOO

JURZ�DQG�GHYHORS�DV�D�UHVXOW�RI�WKH�WHOHFRPPXQLFDWLRQV�DQG�,7�UHYROXWLRQ��DQG�DW�ZKDW�UDWH�HDFK�ZLOO

JURZ�

�����7HOHFRPPXQLFDWLRQV�1HWZRUNV�LQ�(XURSH�DQG�WKH�/LEHUDOL]DWLRQ

7KH�SLFWXUH�RI�WHOHFRPPXQLFDWLRQV�QHWZRUNV�LQ�(XURSH�LV�UDWKHU�GLIIHUHQW�IURP�WKH�RQH�GHSLFWHG�IRU�WKH

8QLWHG�6WDWHV��$OWKRXJK�QRZ�GHYHORSLQJ�DW�D�KLJKHU�VSHHG��(XURSH�LV�VWLOO�VHYHUDO�VWHSV�EHKLQG�WKH�86

LQ� WKH� GHYHORSPHQW� RI� DGYDQFHG� V\VWHPV� RI� WHOHFRPPXQLFDWLRQV� LQIUDVWUXFWXUHV� DQG� VHUYLFHV�� 7KH

GHSOR\PHQW� RI� SK\VLFDO� LQIUDVWUXFWXUH� LQ� (XURSH� KDV� EHHQ� VORZHG� GRZQ� E\� VHYHUDO� IDFWRUV�� VXFK� DV

LQVWLWXWLRQDO� IUDPHZRUNV�GHWHUPLQHG�E\� LQWUD��DQG� LQWHU�FRXQWU\� UHJXODWLRQV�� LQ�FRQWUDVW� WR� WKH�8QLWHG

6WDWHV��ZKHUH�DQ�HDUOLHU�GHUHJXODWLRQ�LQ������DOORZHG�IRU�IDVWHU�GHYHORSPHQW��ZKLFK�ZDV�DOVR�SXVKHG�E\

UDSLGO\�ULVLQJ�GHPDQG�

(XURSH�LV�QRZ�EHJLQQLQJ�WR�FDWFK�XS��-XVW�EHWZHHQ�-XO\������DQG�-DQXDU\�������EURDGEDQG�XVHUV

JUHZ�E\������UHDFKLQJ�D�WRWDO�RI������PLOOLRQ�XVHUV��7KH�RYHUDOO�JURZWK�VLQFH�WKH�PRQWK�RI�-XO\�����

ZDV�������%DOEL���������%\����������PLOOLRQ�EURDGEDQG�XVHUV�DUH�H[SHFWHG�WR�EH�ORFDWHG�LQ�(XURSH�DQG

����RI�KRXVHKROGV�LQ�(XURSH�±�LQ�SDUWLFXODU�:HVWHUQ�(XURSH�±�DUH�HVWLPDWHG�WR�EH�HTXLSSHG�ZLWK�KLJK�

VSHHG� FRQQHFWLRQV� �,1$�� ������� 6XFK� LPSUHVVLYH� ILJXUHV� ZLOO� UHTXLUH� H[WHQVLYH� LQYHVWPHQWV� IRU� WKH

GHSOR\PHQW� RI� FDSDEOH�� VRSKLVWLFDWHG� DQG� LQWHJUDWHG� QHWZRUNV� DOO� RYHU� (XURSH�� 5HFHQWO\�� WKH

GHYHORSPHQW�RI� WKHVH� LQIUDVWUXFWXUHV�DGYDQFHG� DW�GLIIHUHQW�SDFHV�DFURVV�FRXQWULHV� LQ�(XURSH��7DEOH��

VKRZV� WKH� UHFHQW� GHYHORSPHQW� RI� ,QWHUQHW� KRVWV� DQG� XVHUV� LQ� (XURSHDQ� FRXQWULHV� EHWZHHQ� ����� DQG

������ DV� ORQJ� DV� WKH� YDOXHV� RI� VHYHUDO� HFRQRPLF�� VRFLDO� DQG� WHFKQRORJLFDO� YDULDEOHV�� 2YHU� WKH� VKRUW

SHULRG� RI� D� \HDU�� ,QWHUQHW� XVHUV� DQG� KRVWV� LQFUHDVHG� LQ� PRVW� RI� WKH� OLVWHG� FRXQWULHV�� RIWHQ� DW� UDWHV

EHWZHHQ�����DQG��������:KLOH�WKH�YDOXHV�RI�WKH�(GXFDWLRQ�,QGH[��VHH�81'3������ IRU�GHWDLOV��VHHP
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WR�VXJJHVW�WKDW�WKH�PRVW�HGXFDWHG�FRXQWULHV�HQMR\�KLJKHU�OHYHOV�RI�,QWHUQHW�SHQHWUDWLRQ��YDULDEOHV�VXFK�DV

SHU�FDSLWD�*'3�GR�QRW�VKRZ�D�FOHDU�FRPPRQ�SDWWHUQ�LI�FRPSDUHG�ZLWK�WKH�,QWHUQHW�UHODWHG�YDULDEOHV�

,I�RQH�FRQVLGHUV�WKH�(XURSHDQ�QHWZRUN�LQ�WHUPV�RI�,QWHUQHW�LQIUDVWUXFWXUH��RQH�FDQ�REVHUYH�WKDW�WKHUH

DUH�FOHDU�GLIIHUHQFHV�EHWZHHQ�(XURSH�DQG� WKH�86� LQ� WHUPV�RI� ,QWHUQHW�QHWZRUN� LQIUDVWUXFWXUH��6HYHUDO

VWXGLHV� KDYH� EHHQ� FDUULHG� RXW� RQ� WKLV� SKHQRPHQRQ�� )RU� H[DPSOH��*RUPDQ� ������� KDV� FDOFXODWHG� WKH

DOSKD�DQG�JDPPD�LQGLFHV��DPRQJ�RWKHUV�� IRU�(XURSH�DQG�WKH�8QLWHG�6WDWHV�� WR�PHDVXUH�WKH�QHWZRUN¶V

UHGXQGDQF\� DQG� LQWHUFRQQHFWLYLW\�� UHVSHFWLYHO\
�
��*RUPDQ¶V� ILQGLQJV� VKRZ� D� ���� UHGXQGDQF\� IRU� WKH

8QLWHG� 6WDWHV� LQ� ������ZKLOH� (XURSH� RQO\� KDG� D� ���� UHGXQGDQF\� UDWH�� ,W� LV� LPSRUWDQW� WR� XQGHUOLQH�

WKRXJK��KRZ�(XURSH�KDV�SURJUHVVHG��E\�LPSURYLQJ�LWV�LQGH[�IURP����LQ������WR�����LQ�������(XURSH

VKRZV�D�ORZHU�YDOXH�IRU�WKH�LQWHUFRQQHFWLYLW\�JDPPD�LQGH[�FRPSDUHG�WR�WKH�8QLWHG�6WDWHV��7KH�JDPPD

LQGH[�YDOXH�IRU�(XURSH� LV��������ZKLOH� WKH�86�VFRUH� D������6LQFH� WKH�JDPPD� LQGH[�KDV�SUHYLRXVO\

EHHQ�VKRZQ�WR�EH�FRUUHODWHG�WR�HFRQRPLF�GHYHORSPHQW�
�
WKH�ORZ�YDOXH�REVHUYHG�IRU�(XURSH�KDV�WR�EH

H[SODLQHG�E\�FRPSOHPHQWDU\�RU�GLIIHUHQW�IDFWRUV��$�PDMRU�IDFWRU�LQ�WKLV�VHWWLQJ�LV�UHJXODWLRQ��RU��SHUKDSV

PRUH�SUHFLVHO\��ODFN�RI�GHUHJXODWLRQ��*RUPDQ��������

,Q� WKH� IUDPHZRUN� RI� WKH� ����� OLEHUDOL]DWLRQ� RI� WKH� WHOHFRPPXQLFDWLRQV� LQGXVWU\�� WKH� (XURSHDQ

&RPPLVVLRQ�ODLG�GRZQ�D�VHW�RI�NH\�UHTXLUHPHQWV�IRU�WKH�RSHUDWRUV�WR�PHHW�DQG�WKH�1DWLRQDO�5HJXODWRU\

$XWKRULWLHV��15$V��WR�HQIRUFH��7KHVH�UHTXLUHPHQWV�DUH�UHODWHG�LQ�SDUWLFXODU�WR�

x FRQWURO�RI�UHWDLO�SULFHV�

x FRQWURO�RI�DFFHVV�SULFHV�

x 8QLYHUVDO�6HUYLFH�2EOLJDWLRQ��862��

�
7KH�DOSKD�LQGH[�LV�FDOFXODWHG�DV�WKH�UDWLR�EHWZHHQ�WKH�QXPEHU�RI�ORRSV�REVHUYHG�RYHU�D�QHWZRUN�DQG�WKH�PD[LPXP�SRVVLEOH

QXPEHU�RI�ORRSV�LQ�WKH�JLYHQ�QHWZRUN��7KH�JDPPD�LQGH[�LV�LQVWHDG�FRPSXWHG�DV�WKH�UDWLR�EHWZHHQ�REVHUYHG�DQG�WKHRUHWLFDO

PD[LPXP�QXPEHU�RI� QRGHV�EHORQJLQJ� WR� WKH� JLYHQ� QHWZRUN�� 6HH�� EHWZHHQ� RWKHUV��+DJJHWW� DQG�&KRUOH\� ������� IRU�PRUH

GHWDLOV�RQ�QHWZRUN�LQGLFHV�
�
$PRQJ�RWKHUV��.DQVN\��������DQG�*DUULVRQ��������GHPRQVWUDWHG�WKH�FRUUHODWLRQ�EHWZHHQ�HFRQRPLF�GHYHORSPHQW�DQG�WKH

JDPPD�LQGH[�



�

7DEOH���±�6RFLDO��HFRQRPLF�DQG�WHFKQRORJLFDO�YDULDEOHV�IRU�VHOHFWHG�(XURSHDQ�&RXQWULHV�

/LVW�RI

&RXQWULHV

7RWDO�3RSXODWLRQ��0�

����

2QOLQH�3RSXODWLRQ

����±����

,QWHUQHW�+RVWV�SHU

��N�LQKDE������

,QWHUQHW�+RVWV�SHU

��N�LQKDE������

,QWHUQHW�8VHUV�SHU

��N�LQKDE������

,QWHUQHW�8VHUV�SHU

��N�LQKDE������

$XVWULD � ������� ������ ������ ������ �������

'HQPDUN ���� ������� ������� ����� ������� �������

(VWRQLD ���� ������ ������ ������ ������� �������

)LQODQG ���� ������� ������� ������� ������� �������

*HUPDQ\ ����� �������� ������ ������ ������� ������

,WDO\ ����� �������� ������ ������ ������� �������

1HWKHUODQGV ���� ������� ������� ������� ������� �������

1RUZD\ ���� ������� ������ ������� ������ �������

3RUWXJDO ���� ������� ������ �� ������� �������

6ZHGHQ ���� ������� ������ ������ ������� �������

6ZLW]HUODQG ���� ������� ������ ������ ������� �������

8QLWHG�.LQJGRPV ����� �������� ������ ������ ������� �������

$YHUDJH ����� ������� ������ ������ ������� �������

0HGLDQ ���� ������� ������ ������ ������� �������

8QLWHG�6WDWHV ������ ��������� ������� ������� ������� �������

7RWDO�,QWHUQHW
%DQGZLGWK

�0ESV������
7HFKQRORJ\�$FKLHYHPHQW

,QGH[�����
*'3�SHU�FDSLWD
�33386�������

5	'�([SHQGLWXUH�DV��
RI�*13�����±����

+XPDQ�'HYHORSPHQW
,QGH[��+',��9DOXH�����

(GXFDWLRQ
,QGH[�����

$XVWULD ����� ����� ����� ��� ����� ����

'HQPDUN ����� � ����� ��� ����� ����

(VWRQLD ��� � ����� ��� ����� ����

)LQODQG ���� ����� ����� � ����� ����

*HUPDQ\ ������ ����� ����� ��� ����� ����

,WDO\ ����� ����� ����� ��� ����� ����

1HWKHUODQGV ������ ����� ����� ��� ����� ����

1RUZD\ ����� ����� ����� ��� ����� ����

3RUWXJDO ���� ����� ����� ��� ����� ����

6ZHGHQ ����� ����� ����� ��� ����� ����

6ZLW]HUODQG ����� � ����� ��� ����� ����

8QLWHG�.LQJGRPV ������ ����� ����� ��� ����� ����

$YHUDJH ����� ����� ����� ��� ����� ����

0HGLDQ ����� ����� ����� ��� ����� ����

8QLWHG�6WDWHV ������ ����� ����� ��� ����� ����

6RXUFHV��,78��18$��3DFNHW�*HRJUDSK\��81'3�



�

7KH� VHFRQG� DQG� WKLUG� UHTXLUHPHQWV� DUH� RI� SDUWLFXODU� LPSRUWDQFH� LQ� WKH� FRQWH[W� RI� RXU� UHVHDUFK�

&RQWURO�RYHU�DFFHVV�SULFHV� LV�� LQ� IDFW�� WR�D�FHUWDLQ�GHJUHH�� D� UHJXODWLRQ�RI� WKH� LQWHUFRQQHFWLRQ�PDUNHW�

7KH�SULFHV�IRU�OHDVHG�OLQHV�FRQWULEXWH�WR�GHWHUPLQLQJ�WKH�ZLOOLQJQHVV��E\�DQ�LQFRPLQJ�RSHUDWRU��WR�LQYHVW

FDSLWDO�LQ�LQIUDVWUXFWXUH�RU�UHQW�OLQHV��/HDVLQJ�OLQHV�LQ�(XURSH�LV�VWLOO�PXFK�PRUH�H[SHQVLYH�WKDQ�LQ�WKH

8QLWHG� 6WDWHV�� DOWKRXJK� SULFHV� DUH� VORZO\�PRYLQJ� LQ� DJUHHPHQW�ZLWK� LQWHUQDWLRQDO� UDWHV�
�
7KLV� HIIHFW

PD\�EH�GXH�WR�WKH�HPHUJLQJ�FRPSHWLWLRQ�LQ�UHFHQW�\HDUV��3HUKDSV�WKH������OLEHUDOL]DWLRQ�FRQWULEXWHG�WR

WKLV�WUHQG��ZKLFK�ZDV�WKH�LQWHQWLRQ�RI�WKH�(XURSHDQ�SROLF\�PDNHUV�� ,Q�DGGLWLRQ�WR�LQWHUFRQQHFWLRQ�DQG

LQWHURSHUDELOLW\�FRQGLWLRQV�� WKH�GHYHORSPHQW�RI� WHOHFRPPXQLFDWLRQV�QHWZRUNV� LV� LQIOXHQFHG�E\�IDFWRUV

VXFK�DV�WKH�SRVVLELOLW\�RI�EXLOGLQJ�XS�DOWHUQDWLYH�WHFKQRORJ\�SODWIRUPV�DQG�DFTXLULQJ�LQIUDVWUXFWXUHV�DQG

HVVHQWLDO�IDFLOLWLHV��&DYH�DQG�&UDQGDOO��������

,Q�DGGLWLRQ��WKH�UHTXLUHPHQW�UHJDUGLQJ�862�FRQVLVWV�RI�WKH�REOLJDWLRQ�WR�VHUYH�HYHU\�FXVWRPHU�DW�WKH

VDPH�SULFH�
�
7KLV�UHTXLUHPHQW�LQIOXHQFHV�WKH�DELOLW\�RI�RSHUDWRUV�WR�RIIHU�ORZHU�SULFHV�WR�SUHIHUUHG�PRUH

FRQYHQLHQW�DUHDV�RU�FXVWRPHUV�

6RPH� KDYH� VXJJHVWHG� WKDW� SULFH� UHJXODWLRQ� VKRXOG� EH� DVVLJQHG� WR� D� FHQWUDOL]HG� (XURSHDQ

WHOHFRPPXQLFDWLRQV�DXWKRULW\��7KLV� LVVXH�KDV�EHHQ�GLVFXVVHG�VLQFH� WKH� HDUO\���¶V��EXW� WKH�FUHDWLRQ�RI

VXFK�DQ�LQVWLWXWLRQ�ZRXOG�UHTXLUH�D�ORVV�RI�SRZHUV�E\�WKH�15$V��ZKLFK�DUH��LQ�PDQ\�FRXQWULHV��XQGHU

FRQWURO�RI�WKH�JRYHUQPHQW��0RVW�RI�DOO��D�FKDQJH�LQ�WKH�(XURSHDQ�7UHDW\�ZRXOG�EH�QHHGHG��ZKLFK�ZRXOG

WKHQ� UHTXLUH� UDWLILFDWLRQ��RIWHQ�YLD�D� UHIHUHQGXP��E\� DOO� WKH�PHPEHU�FRXQWULHV� �%HUJPDQ�HW�DO��� �����

&DYH�DQG�&UDQGDOO���������2Q�WKH�RWKHU�KDQG��D�FHQWUDO�DXWKRULW\�ZRXOG�EH�DEOH�WR�GHDO�ZLWK�FRQIOLFWV

EHWZHHQ�15$V�DQG�(XURSHDQ�UHJXODWRUV��DQG�ZRXOG�FRPSOHPHQW�(8�SROLFLHV�
�
7KLV�WUHQG�JRHV�LQ� WKH

RSSRVLWH�GLUHFWLRQ�RI� WKH�8QLWHG�6WDWHV��ZKHUH�VRPH�GLVFXVVLRQV�KDYH�EHHQ�JRLQJ�RQ�DERXW�D�SRVVLEOH

HOLPLQDWLRQ�RI�WKH�8QLWHG�6WDWHV¶�)&&�

'HVSLWH� WKH� LVVXHV� GLVFXVVHG� DERYH�� WKH� OLEHUDOL]DWLRQ� SURFHVV� ZDV�� XQWLO� QRZ�� VXUSULVLQJO\

VXFFHVVIXO�� DV� SURJUHVV� KDV� EHHQ�PDGH� LQ� VHYHUDO� ILHOGV�� $� QXPEHU� RI� WHOHFRPPXQLFDWLRQV� RSHUDWRUV

KDYH�� LQ� IDFW�� EHHQ� SULYDWL]HG�� DQG� DFFHVV� EDUULHUV� IRU� WKH� WHOHFRP�PDUNHW� KDYH� EHHQ� HOLPLQDWHG�� E\

OLEHUDOL]LQJ�HQWU\��3ULFHV�KDYH�DOVR�GURSSHG�� LQ�SDUWLFXODU��EHJLQQLQJ� LQ�������2Q� WKH�RWKHU�KDQG�� WKH

GHSOR\PHQW�RI�LQIUDVWUXFWXUH�LV�VWLOO�OLPLWHG�DQG�WHQGV�WR�DJJORPHUDWH�QHDU�LPSRUWDQW�EXVLQHVV�FHQWHUV�

�
&DYH�DQG�&UDQGDOO� �������K\SRWKHVL]H� WKH� H[LVWHQFH�RI� D� FRPPXQLW\� RI� LQWHUHVW�PD\�KDYH�GHOD\HG� WKH�GHFUHDVH� LQ� OLQH

OHDVLQJ�SULFHV��6XFK�D�EHKDYLRU�PLJKW�KDYH�EHHQ�SRVVLEOH�E\�WKH�ODFN�RI�GHUHJXODWLRQ�LQ�WKH�PDWWHU�DQG�WKH�ILQDQFLDO�EDUULHUV

IRU�WKH�HQWU\�LQ�WKH�PDUNHW�
�
,Q�GHWDLO��WKH�862�UHTXLUHPHQW�FRQVLVWV�RI���GLPHQVLRQV��D��XQLYHUVDO�JHRJUDSKLFDO�FRYHUDJH��E��JHRJUDSKLFDO�DYHUDJLQJ�RI

WDULIIV��F��EDVLF�WHOHFRP�VHUYLFH�SURYLGHG�DW�DIIRUGDEOH�SULFH��&DYH�DQG�&UDQGDOO��������



�

H�J��� )UDQNIXUW� RU� %UXVVHOV�� $Q� LPSRUWDQW� SROLF\� FRQFHUQ� DUH� ORQJ�WHUP� FRPPLWPHQWV� KDYH� WR� EH

IDYRUHG��LQ�RUGHU�WR�IDFLOLWDWH�WKH�GHSOR\PHQW�RI�QHZ�EURDGEDQG�LQIUDVWUXFWXUHV��0RUHRYHU��%HUJPDQ�HW

DO���������VWUHVV�KRZ�WKH�SURPRWLRQ�RI�LQQRYDWLRQ�LV�WLHG�WR�VXFK�ORQJ�WHUP�FRPPLWPHQWV��7KH�ILQDQFLDO

QHHGV� DVVRFLDWHG� ZLWK� LQYHVWPHQWV� LQ� LQIUDVWUXFWXUHV� DUH� RQH� RI� WKH� UHDVRQV� IRU� WKH� WUHQG� GLUHFWHG

WRZDUGV� WKH�DJJORPHUDWLRQ�RI� ILUPV� LQ�VWUDWHJLF�RU� ILQDQFLDO�DOOLDQFHV� �VHH�� H�J���$OOHQ��������� ,Q� IDFW�

EHFDXVH�RI�WKH�ODUJH�YROXPH�RI�FXVWRPHUV�UHTXLUHG�WR�PDNH�WKH�FRQQHFWLRQ�WR�D�QHZ�QHWZRUN�SURILWDEOH�

ODUJH� DQG� JOREDO� RSHUDWRUV� ³DUH� WKH�PDLQ� WDUJHW� JURXS� IRU� GLUHFW� ILEUH� RSWLF� FRQQHFWLRQV´� �3HKUVVRQ�

������ S�� ������ ,Q� DQ� DQDO\VLV� RI� WKH� 8QLWHG� .LQJGRP¶V� DQG� 6ZHGHQ¶V� WHOHFRPPXQLFDWLRQV� PDUNHWV�

3HKUVVRQ� QRWHV�� LQ� IDFW�� WKH� SHUFHSWLRQ� RI� GHUHJXODWLRQ� DQG� WKH� FDSLWDO� QHHGHG� IRU� LQYHVWPHQWV� LQ

LQIUDVWUXFWXUH�DUH�LPSRUWDQW�EDUULHUV�WR�WKH�HQWUDQFH�RI�QHZ�RSHUDWRUV�

)LQDOO\�� LQ� VXPPDU\� WKH� DERYH� GLVFXVVLRQ� UHFDOOV� WKDW� WKH� GHYHORSPHQW� RI� D� FRPSHWLWLYH

WHOHFRPPXQLFDWLRQV�PDUNHW�LV�D�VWUDWHJLF�ODQGPDUN�LQ�WKH�JURZWK�RI�WKH�QHWZRUNV��,Q�WKLV�FRQWH[W�� WKH

FRQFHSW� RI� VFDOH�IUHH� QHWZRUN� FDPH� UHFHQWO\� WR� WKH� IRUH�� E\� VKRZLQJ� WKH� SRWHQWLDO� RI� ORQJ�WHUP

FRUUHODWLRQV��H[SUHVVHG�E\�SRZHU�ODZ�GLVWULEXWLRQV� �5HJJLDQL�DQG�6FKLQWOHU���������7KH�HPHUJHQFH�RI

VFDOH�IUHH�SKHQRPHQD�LQ�WHOHFRPPXQLFDWLRQ�QHWZRUNV�PLJKW�EH��WKHUHIRUH��WLHG�WR�WKH�HIILFLHQF\�RI�WKH

OLEHUDOL]DWLRQ�SURFHVV�DQG�LWV�HQIRUFHPHQW�

7KH�QH[W� VHFWLRQ�ZLOO� EULHIO\�GHVFULEH� WKH� VFDOH�IUHH� SURSHUWLHV��ZKLFK� HVVHQWLDOO\� HYROYH� LQ� ODUJH

FRPSOH[� QHWZRUNV� WKURXJK� VHOI�RUJDQL]HG� SURFHVVHV� DQG�� PRUH� VSHFLILFDOO\�� SUHIHUHQWLDO� DWWDFKPHQW�

7KH� VXEVHTXHQW� 6HFWLRQ� �� ZLOO� WKHQ� LOOXVWUDWH� WKH� HPSLULFDO� ILQGLQJV� HPHUJLQJ� IURP� WKH� VFDOH�IUHH

DSSURDFK��ZLWK�UHIHUHQFH�WR� WKH�DQDO\VLV�RI�86�DQG�(XURSHDQ� WHOHFRPPXQLFDWLRQV�GDWD��7KH�SRWHQWLDO

IDFWRUV� WKDW� PLJKW� KDYH� FDXVHG� QHWZRUNV� WR� JURZ� IROORZLQJ� GLIIHUHQW� SDWWHUQV� DQG� WUHQGV� ZLOO� EH

RXWOLQHG�LQ�WKLV�IUDPHZRUN�

���6FDOH�)UHH�1HWZRUNV�DQG�3RZHU�/DZ�'LVWULEXWLRQV

)RU�WKH�PDMRULW\�RI�WKH���
WK
FHQWXU\�WKH�DEVHQFH�RI�GHWDLOHG�WRSRORJLFDO�GDWD�IRU�FRPSOH[�QHWZRUNV�OHIW

UDQGRP� QHWZRUN�PRGHOV� �(UGRV� DQG�5HQ\L�� DV� WKH�PRVW�ZLGHO\� XVHG�PHWKRG� RI� QHWZRUN� VLPXODWLRQ

�%DUDEDVL�� ������� $V� FRPSXWLQJ� SRZHU� LQFUHDVHG� DQG� UHDO� ZRUOG� QHWZRUN� GDWD� EHJDQ� WR� EHFRPH

DYDLODEOH�� VHYHUDO�HPSLULFDO� ILQGLQJV�HPHUJHG��7KUHH�QHWZRUN�FKDUDFWHULVWLFV� IUHTXHQWO\� UHVXOWHG� IURP

WKH�DQDO\VLV�RI�FRPSOH[�QHWZRUNV��$OEHUW�DQG�%DUDEDVL��������SS����±����

�
$OWHUQDWLYH�DSSURDFKHV�KDYH�EHHQ�SURSRVHG��VXFK�DV�D�VHOI�UHJXODWLRQ�UHJLPH�WR�EH�VHW�EHWZHHQ�WKH�15$V��RU��DV�D�PLGGOH�

RI�WKH�ZD\�DSSURDFK��D� WZR�WLHU�UHJXODWLRQ�� LQ�ZKLFK�WKH�(XURSHDQ�&RPPLVVLRQ�� WKH�15$V��WHOHFRPPXQLFDWLRQV�RSHUDWRUV



�

�� 6KRUW�DYHUDJH�SDWK�OHQJWK

�� +LJK�OHYHO�RI�FOXVWHULQJ

�� 3RZHU�ODZ�DQG�H[SRQHQWLDO�GHJUHH�GLVWULEXWLRQV�

6KRUW� DYHUDJH� SDWK� OHQJWK� LQGLFDWHV� WKDW� WKH� GLVWDQFH� EHWZHHQ� DQ\� WZR� QRGHV� RQ� WKH� QHWZRUN� LV

VKRUW��WKH\�FDQ�EH�UHDFKHG�LQ�D�IHZ�QXPEHU�RI�KRSV�DORQJ�HGJHV��&OXVWHULQJ�RFFXUV�ZKHQ�QRGHV�ORFDWH

WRSRORJLFDOO\�FORVH�WR�HDFK�RWKHU�LQ�FOLTXHV�WKDW�DUH�ZHOO�FRQQHFWHG�WR�HDFK�RWKHU��/DVWO\��WKH�IUHTXHQF\

GLVWULEXWLRQV�RI�QRGH�FRQQHFWLYLW\��FDOOHG�GHJUHHV��RIWHQ�IROORZ�SRZHU�ODZV�RU�H[SRQHQWLDO�GLVWULEXWLRQV�

,Q�D�SRZHU�ODZ�GLVWULEXWLRQ�WKHUH�LV�DQ�DEXQGDQFH�RI�QRGHV�ZLWK�RQO\�D�IHZ�OLQNV��DQG�D�VPDOO�EXW

VLJQLILFDQW�PLQRULW\�WKDW�KDYH�D�YHU\�ODUJH�QXPEHU�RI�OLQNV��%DUDEDVL���������,W�VKRXOG�EH�QRWHG�WKDW�WKLV

LV� GLVWLQFWO\� GLIIHUHQW� IURP� WKH� PRGHOV� GHYHORSHG� E\� (UGRV� DQG� 5HQ\L� ������� �(5�� RU� :DWWV� DQG

6WURJDW]���������:6���WKH�SUREDELOLW\�RI�ILQGLQJ�D�KLJKO\�FRQQHFWHG�YHUWH[�LQ�WKH�(5�DQG�:6�PRGHOV

GHFUHDVHV�H[SRQHQWLDOO\��VR�WKDW�³YHUWLFHV�ZLWK�KLJK�FRQQHFWLYLW\�DUH�SUDFWLFDOO\�DEVHQW´
�
�%DUDEDVL�DQG

$OEHUW��������S��������7KH�UHDVRQ��DFFRUGLQJ�WR�%DUDEDVL�DQG�$OEHUW��ZDV�WKDW�WKHLU�PRGHO�DGGHG�DQRWKHU

SHUVSHFWLYH� WR� FRPSOH[� QHWZRUNV�� LQFRUSRUDWLQJ� QHWZRUN� JURZWK�� WKH� QXPEHU� RI� QRGHV� GRHV� QRW� VWD\

FRQVWDQW�DV�LQ�WKH�:6�DQG�(5�PRGHO��7KH�%DUDEDVL�$OEHUW��%$��PRGHOV�DGGHG�JURZWK�RYHU� WLPH�DQG

WKH�LGHD�WKDW�QHZ�YHUWLFHV�DWWDFK�SUHIHUHQWLDOO\�WR�DOUHDG\�ZHOO�FRQQHFWHG�YHUWLFHV�LQ�WKH�QHWZRUN�

%DUDEDVL�DQG�$OEHUW��������IRUPDOL]HG�WKLV�LGHD�LQ�³(PHUJHQFH�RI�6FDOLQJ�LQ�5DQGRP�1HWZRUNV´�

7KH\�VWDWHG�WKDW�LQ�D�FRPSOH[�QHWZRUN�OLNH�WKH�:RUOG�:LGH�:HE�WKH�SUREDELOLW\�3�N��WKDW�D�YHUWH[�LQ

WKH�QHWZRUN�LQWHUDFWV�ZLWK�N�RWKHU�YHUWLFHV�GHFD\V�DV�D�SRZHU�ODZ�IROORZLQJ�3�N��a�N
�J
ZKHUH�WKH�SRZHU

ODZ�H[SRQHQW� LV�HTXDO� WR� WKUHH��:KHQ�VWXG\LQJ� UHDO�ZRUOG�VFDOH�IUHH�QHWZRUNV��HPSLULFDO� UHVXOWV�KDYH

UDQJHG� IURP� ���� WR� �� �%DUDEDVL� DQG�$OEHUW�� �������:KLOH� WKH�PRGHO� VHW� XS� E\� %DUDEDVL� DQG�$OEHUW

SURGXFHV�DQ�H[SRQHQW�RI�WKUHH��WKH\�GHPRQVWUDWH�KRZ�WKH�PRGHO�FDQ�EH�DOWHUHG�WR�SURGXFH�UHVXOWV�RWKHU

WKDQ�WKUHH�IRU�GLIIHUHQW�QHWZRUN�FRQGLWLRQV��7KH�%$�PRGHO�LV�EDVHG�RQ�WKUHH�PHFKDQLVPV�WKDW�GULYH�WKH

HYROXWLRQ�RI�JUDSK�VWUXFWXUHV�RYHU�WLPH�WR�SURGXFH�SRZHU�ODZ�UHODWLRQVKLSV��&KHQ�HW�DO���������S�����

x ,QFUHPHQWDO� JURZWK� ±� ,QFUHPHQWDO� JURZWK� IROORZV� IURP� WKH� REVHUYDWLRQ� WKDW� PRVW� QHWZRUNV

GHYHORS�RYHU�WLPH�E\�DGGLQJ�QHZ�QRGHV�DQG�QHZ�OLQNV�WR�DQ�H[LVWLQJ�JUDSK�VWUXFWXUH�

DQG�PDQXIDFWXULQJ�ILUPV��FRQVXPHU�XQLRQV�DQG�RWKHU�UHOHYDQW�DJHQWV�DUH�LQYROYHG��%HUJPDQ�HW�DO���������
�
%DUDEDVL�DQG�$OEHUW¶V�GHILQLWLRQ�RI�KLJK�FRQQHFWLYLW\�LV�UHODWLYH�WR�WKH�QXPEHU�RI�QRGHV�LQ�WKH�QHWZRUN��DQG�LQ�WKLV�FRQWH[W�

LW�VLPSO\�PHDQV�D�ODUJH�SURSRUWLRQ�RQ�WKH�WRWDO�FRQQHFWLRQV�LQ�WKH�QHWZRUN��7KH�RGGV�RI�D�QRGH�KDYLQJ�D�ODUJH�SURSRUWLRQ�RQ

FRQQHFWLRQV�LQ�D�QHWZRUN�DUH�VPDOO�HQRXJK�WKDW�WKH\�DUH�OLNHO\�WR�EH�³SUDFWLFDOO\�DEVHQW´�



��

x 3UHIHUHQWLDO� FRQQHFWLYLW\� ±� 3UHIHUHQWLDO� FRQQHFWLYLW\� H[SUHVVHV� WKH� IUHTXHQWO\� HQFRXQWHUHG

SKHQRPHQRQ� WKDW� WKHUH� LV� D� KLJKHU� SUREDELOLW\� IRU� D� QHZ� RU� H[LVWLQJ� QRGH� WR� FRQQHFW� RU

UHFRQQHFW�WR�D�QRGH�WKDW�DOUHDG\�KDV�D�ODUJH�QXPEHU�RI�OLQNV��L�H��KLJK�YHUWH[�GHJUHH��WKDQ�WKHUH

LV�WR��UH�FRQQHFW�WR�D�ORZ�GHJUHH�YHUWH[�

x 5H�ZLULQJ�±�5H�ZLULQJ�DOORZV�IRU�VRPH�DGGLWLRQDO� IOH[LELOLW\� LQ� WKH� IRUPDWLRQ�RI�QHWZRUNV�E\

UHPRYLQJ� OLQNV� FRQQHFWHG� WR� FHUWDLQ� QRGHV� DQG� UHSODFLQJ� WKHP�ZLWK� QHZ� OLQNV� LQ� D�ZD\� WKDW

HIIHFWLYHO\�DPRXQWV�WR�D�ORFDO�W\SH�RI�UH�VKXIIOLQJ�FRQQHFWLRQ�EDVHG�RQ�SUHIHUHQWLDO�DWWDFKPHQW�

,Q�PDQ\�ZD\V��KXE�DQG�VSRNH
�
DLUOLQH�QHWZRUNV�VHUYH�DV�D�JRRG�SUDFWLFDO�H[DPSOH�RI�D�VFDOH� IUHH

QHWZRUN��+XE�DQG�VSRNH�QHWZRUNV�VKRZ�SUHIHUHQWLDO�FRQQHFWLYLW\�WR�WKH�PDMRU�DLUSRUWV��KXEV��IURP�WKH

PLQRU� DLUSRUWV�� ZKLOH� WKH� PDMRU� KXEV� DUH� IXOO\� LQWHUFRQQHFWHG�� 7KH� PDMRU� KXE� DLUSRUWV� DUH� VPDOO� LQ

QXPEHU�� \HW� WKH\� KDYH� WKH� YDVW� PDMRULW\� RI� WKH� FRQQHFWLRQV� LQ� WKH� JOREDO� DLUOLQH� QHWZRUN�� )URP� D

WHFKQLFDO�SHUVSHFWLYH�� WKRXJK��DLUOLQH�QHWZRUN�FRQQHFWLYLW\�GLVWULEXWLRQV�GR�QRW�TXLWH� ILW�D�SRZHU� ODZ�

WKH\� KDYH� DQ� H[SRQHQWLDO� FXW� RII�� EHFDXVH� WKHUH� LV� D� SK\VLFDO� FRQVWUDLQW� RI� WKH� QXPEHU� RI� SODQHV� DQ

DLUSRUW�FDQ�KDQGOH��SUHYHQWLQJ�D�FRPSOHWH�SRZHU�ODZ�ILW���$PDUDO�HW�DO����������$�ODUJH�OLWHUDWXUH�LV�QRZ

DYDLODEOH�RQ�KXE�VSRNH�QHWZRUN��6HH��IRU�H[DPSOH��2XP�HW�DO���������:RMDKQ��������%RZHQ�������

7KHUH�KDYH��WKRXJK��EHHQ�RWKHU�RSLQLRQV�RQ�KRZ�FRPSOH[�QHWZRUNV�VKRXOG�EH�FODVVLILHG��$PDUDO�HW

DO��������DUJXH�WKDW�VFDOH�IUHH�QHWZRUNV�DUH�D�VXE�FODVV�RI�VPDOO�ZRUOG�QHWZRUNV��$Q�H[DFW�GHOLQHDWLRQ

RI�ZKHUH�VPDOO�ZRUOG�DQG�VFDOH�IUHH�QHWZRUNV�GLYHUJH�LV�VWLOO�VRPHZKDW�IX]]\�LQ�WKH�OLWHUDWXUH��EXW�WKH

DUHD� RI� VWXG\� LV� VWLOO� HYROYLQJ�� ,W� FDQ� EH� VDIHO\� VDLG� WKDW� WKH� WZR� DUH� LQWHU�UHODWHG� DQG� WKDW� JHQHUDOO\

VSHDNLQJ� VFDOH�IUHH� QHWZRUNV� H[KLELW� WKH� FOXVWHULQJ� DQG� VKRUW� DYHUDJH� SDWK� OHQJWK� RI� VPDOO� ZRUOG

QHWZRUNV��EXW�QRW�DOO�VPDOO�ZRUOG�QHWZRUNV�H[KLELW�WKH�SRZHU�ODZ�GLVWULEXWLRQ�RI�VFDOH�IUHH�QHWZRUNV�

7KH�QH[W�VHFWLRQ� LQYHVWLJDWHV� WKH�HPHUJHQFH�RI� VFDOH�IUHH� FKDUDFWHULVWLFV� LQ� WKH�86�DQG�(XURSHDQ

WHOHFRPPXQLFDWLRQV�QHWZRUNV��E\�ORRNLQJ�DW� WKH�GLVWULEXWLRQ�RI�ILEHU�RSWLF�FRQQHFWLRQV�EHWZHHQ�FLWLHV

RI�WKH�GDWD�VHW�

�
,Q� KXE�DQG�VSRNH� QHWZRUNV�� WUDIILF� LV� GLUHFWHG� WRZDUGV� IHZ� PDMRU� KXEV� RU� WUDQVIHU� IDFLOLWLHV�� ZKLFK� VHUYH� DV

LQWHUFRQQHFWLRQV�EHWZHHQ�PRUH�SHULSKHUDO�SRLQWV�RI� WKH� QHWZRUN��7KHUHIRUH�� WUDIILF�GRHV�QRW�PRYH�DQ\PRUH�GLUHFWO\� IURP

RULJLQ� WR� GHVWLQDWLRQ�� 7KLV� W\SH� RI� QHWZRUN� DLPV� WR� ³PLQLPL]H� WKH� WUDQVSRUWDWLRQ� FRVW� SOXV� WKH� FRVW� RI� KXE� RSHUDWLRQ�´

�%DOORX��������S�������



��

���7KH�(PSLULFDO�$SSOLFDWLRQV�WR�86�DQG�(XURSHDQ�&RPPXQLFDWLRQ�1HWZRUNV

�����3UHIDFH

7KH� 8QLWHG� 6WDWHV� DQG� (XURSH� GLIIHU� TXLWH� FRQVLGHUDEO\� LQ� WHUPV� RI� WKH� FRQQHFWLYLW\� RI� WKHLU

WHOHFRPPXQLFDWLRQV�QHWZRUNV�±�L�H���DV�VHHQ�LQ�SUHYLRXV�VWXGLHV�RI�WKHLU�FRPSDUDWLYH�JUDSK�WKHRUHWLFDO

LQGLFHV�RI�FRQQHFWLYLW\� �*RUPDQ��������7KLV�VHFWLRQ�SUHVHQWV� WKH� UHVXOWV�RI� WKH�DQDO\VLV�FRQGXFWHG� WR

H[DPLQH�HDFK�UHJLRQV�QHWZRUN�SURSHUWLHV��LQFOXGLQJ�D�FOXVWHU�DQDO\VLV�WR�JURXS�FLWLHV�ZLWKLQ�HDFK�UHJLRQ

LQ� WHUPV� RI� FRQQHFWLYLW\� SURSHUWLHV�� 6HFWLRQ� ���� EULHIO\� GLVFXVVHV� VRPH� RI� WKH� FXOWXUDO�� HFRQRPLF�

SROLWLFDO� DQG� WHFKQRORJLFDO� IDFWRUV� WKDW� KDYH� OLNHO\� FRQWULEXWHG� WR� WKHVH� GLIIHUHQFHV�� DOWKRXJK� D�PRUH

ULJRURXV�H[DPLQH�RI�WKLV�LV�ZDUUDQWHG�

�����(PSLULFDO�)LQGLQJV�IRU�WKH�(XURSHDQ�1HWZRUNV

7KLV� VHFWLRQ� GHVFULEHV� WKH� UHVXOWV� RI� RXU� DQDO\VLV� RI� (XURSHDQ� WHOHFRPPXQLFDWLRQV� QHWZRUNV�� ,W� ZLOO

VKRZ�WKDW�WKH�(XURSHDQ�GDWD�PLUURU�WZR�GLIIHUHQW�W\SHV�RI�VWDWLVWLFDO�GLVWULEXWLRQV��YL]��DQ�H[SRQHQWLDO

DQG� D� SRZHU� ODZ� GLVWULEXWLRQ�� DQG� YHULI\� KRZ� WKH� VWDWLVWLFDO� ILW� FKDQJHV� ZKHQ� VSOLWWLQJ� RXU� GDWD� LQ

VHYHUDO�FOXVWHUV�

7KH� GDWD� VHW� XVHG� LQ� WKH� DQDO\VLV� LV� ILEHU� RSWLF� FDEOH� GHSOR\HG� DQG� RZQHG� E\� SDQ�(XURSHDQ

QHWZRUNV�LQ�����FLWLHV��GLVWULEXWHG�RYHU����FRXQWULHV��$�VXPPDU\�RI�WKH�GDWD�VHW�FDQ�EH�IRXQG�LQ�$QQH[

$�� 7DEOH� $��� 2QO\� QHWZRUNV� RSHUDWLQJ� LQ� PRUH� WKDQ� RQH� FRXQWU\� DUH� FRQVLGHUHG� KHUH�� WKHUHIRUH

H[FOXGLQJ� GRPHVWLF� QHWZRUNV�� 2QO\� LQWHUQDWLRQDO� OLQNV� DUH� FRQVLGHUHG� DQG� QR� UHGXQGDQF\� ZLWKLQ

QHWZRUNV�LV�DVVXPHG�LQ�WKLV�FDVH�
�
7KH�GDWD�VHW�GDWHV�EDFN�WR�WKH�WKLUG�TXDUWHU�RI�������WKXV�LW�LV�IDLUO\

FXUUHQW��%XW�XQIRUWXQDWHO\�� LW�ZDV�QRW�SRVVLEOH� WR�FDSWXUH� WKH� ODWHVW�(XURSHDQ� WUHQGV� WKDW�ZH�RXWOLQHG

DERYH��,Q�SDUWLFXODU��WKH�VLJQLILFDQW�LQFUHDVHV�LQ�WKH�GHPDQG�RI�EURDGEDQG�FRQQHFWLRQV��D������LQFUHDVH

REVHUYHG� EHWZHHQ� -XO\� ����� DQG� -DQXDU\� ������ PD\� KDYH� SURPSWHG� QHZ� LQYHVWPHQWV� DQG� QHZ

FKDUDFWHULVWLFV�RI� WKH�(XURSHDQ� WHOHFRPPXQLFDWLRQV�QHWZRUNV��2Q� WKH� RWKHU� KDQG�� FRQVLGHUDEOH� RYHU�

FDSDFLW\� HPHUJHG� LQ� ����������� DV� D� UHVXOW� RI� RYHU�VSHFXODWLRQ� LQ� QHWZRUN�EXLOGLQJ�� &RQVHTXHQWO\�

PXFK� RI� WKH� UHFHQW� EURDGEDQG�UHODWHG� JURZWK� LQ� GHPDQG� ZLOO� KDYH� EHHQ� XVLQJ� ILEUH� WKDW� KDG� EHHQ

LQVWDOOHG� XS� WR� ������ EXW� WKDW� KDG� QRW� QHFHVVDULO\� EHHQ� OLW�� GXH� WR� WKH� RYHUFDSDFLW\� SUREOHP�� ,W� LV�

WKHUHIRUH��FOHDU�WKDW�PRUH�UHFHQW�GDWD�DUH�D�PDLQ�QHHG�LQ�WKH�DQDO\VLV�RI�WHOHFRPPXQLFDWLRQV�QHWZRUNV�

�
1R� LQIRUPDWLRQ� RQ� LQWHUFRQQHFWLRQ� LV� DYDLODEOH� IURP� WKLV� GDWD� VHW�� $� UDQNLQJ� RI� WKH�PRVW� FRQQHFWHG� FLWLHV� LQ� WHUPV� RI

UHGXQGDQW�OLQNV�VKRZV�D�PRVWO\�VLPLODU�VHW�RI�FLWLHV��LI�FRPSDUHG�WR�WKH�WRS�UDQNV�RI�SK\VLFDO�FRQQHFWLRQV��VHH�5XWKHUIRUG�HW

DO���������7DEOH����
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,W� LV� QRWHZRUWK\� WKDW� WZR� YDULDEOHV� DUH� DYDLODEOH� LQ� RXU� GDWD� VHW� �UHSUHVHQWHG� LQ� )LJXUH� ���� 7KH

QHWZRUNV YDULDEOH�UHIHUV�WR�WKH�QXPEHU�RI�SDQ�(XURSHDQ�QHWZRUNV�SUHVHQW�LQ�HDFK�FLW\�RI�WKH�GDWD�VHW�

ZKLOH�WKH�FRQQHFWLRQV YDULDEOH�LV�WKH�QXPEHU�RI�RWKHU�(XURSHDQ�FLWLHV�OLQNHG�WR�HDFK�FLW\�LQ�WKH�GDWD�VHW

YLD�WKH�QHWZRUN��)RU�H[DPSOH��WKH�FLW\�RI�+DPEXUJ�KDV�OLQNV��FRQQHFWLRQV��WR�����GLIIHUHQW�(XURSHDQ

FLWLHV��7KHVH�OLQNV�DUH�SURYLGHG�E\����QHWZRUNV WKDW�DUH�LQ�SODFH�

)LJXUH���±�3DQ�(XURSHDQ�ILEHU�RSWLF�QHWZRUNV��SODQQHG�RU�LQ�SODFH�

6RXUFH��5XWKHUIRUG�HW�DO���������)LJXUH�����&RS\ULJKW�RI�PDS�LV�ZLWK�.0,�5HVHDUFK��XVHG�E\�SHUPLVVLRQ�

$IWHU�KDYLQJ� UDQNHG� WKH�GDWD� VHW�E\� FRQQHFWLRQ��ZH� FDQ�REVHUYH� WKDW� WKH�GHFD\� LQ� WKH�QXPEHU�RI

FRQQHFWLRQV�LV�JUDGXDO��LQ�SDUWLFXODU�DIWHU�WKH�ILUVW�PDMRU�FLWLHV�RI�WKH�OLVW��7KH�PRVW�FRQQHFWHG�FLWLHV�LQ

WKH�GDWD�VHW�DUH�+DPEXUJ�DQG��VHFRQG��/RQGRQ��ZKLOH�WKH�OHDVW�FRQQHFWHG�FLWLHV�DUH�ILYH�FLWLHV�VHUYHG�E\

RQO\�ILYH�FRQQHFWLRQV�HDFK��0RUHRYHU��LQ�D�UDQN�RUGHU�RI�WKH�GDWD�VHW�RI�FLWLHV�FRPSXWHG�E\�QXPEHU�RI

QHWZRUNV��+DPEXUJ�DQG�/RQGRQ�DUH�VWLOO�DW�WKH�WRS�RI�WKH�OLVW��,I�ZH�FRPSXWH�LQVWHDG�VXEWRWDOV�IRU�HDFK



��

RI�WKH����FRXQWULHV��WKH�8QLWHG�.LQJGRP�LV�DW�WKH�WRS��IROORZHG�E\�)UDQFH�DQG�*HUPDQ\��7KHVH�WKUHH

QDWLRQV�KDYH�DQ�RYHUDOO�QXPEHU�RI�FRQQHFWLRQV�WKDW�LV�PXFK�KLJKHU�WKDQ�HYHU\�RWKHU�FRXQWU\�LQ�(XURSH�

&RQVLGHULQJ�WKH�QXPEHU�RI�FRQQHFWLRQV�SHU�FDSLWD��ZH�FDQ�QRWH�LQVWHDG�WKDW�UHODWLYHO\�VPDOO�FRXQWULHV�

VXFK� DV� /X[HPERXUJ� DQG� 'HQPDUN�� DUH� DW� WKH� WRS� RI� WKH� OLVW�� HLWKHU� EHFDXVH� RI� WKHLU� UHOHYDQW

JHRJUDSKLFDO�SRVLWLRQ�RU�EHFDXVH�RI�KLJKHU�GLIIXVLRQ�RI�WHOHFRPPXQLFDWLRQ�WHFKQRORJLHV�

7KH�SUHVHQFH�LQ�WKH�WRS�UDQNV�RI�FLWLHV�WKDW�DUH�QRW�FRQVLGHUHG�WR�EH�EHWZHHQ�WKH�PRVW�LPSRUWDQW�LQ

(XURSH� ±� VHH� IRU� H[DPSOH� +DPEXUJ�� ZKLFK� LV� WRSSLQJ� WKH� OLVW� ±� LV� GXH� WR� WKH� UROH� WKDW� WKHVH� FLWLHV

DFTXLUHG��7KH\�DUH�� LQ�IDFW�� LPSRUWDQW�JDWHZD\V�IRU�SURYLGLQJ�ODUJH�DPRXQWV�RI�EDQGZLGWK� LQ�(XURSH�

6RPH�FLWLHV�� OLNH�3UDJXH�RU�&RSHQKDJHQ��DOVR�DFW�DV� WKH�PDLQ�³GRRU´� WKURXJK�ZKLFK�PRUH�SHULSKHUDO

UHJLRQV�DUH�FRQQHFWHG�DQG�SURYLGHG�ZLWK�EDQGZLGWK��5XWKHUIRUG�HW�DO���������

2QFH�WKH�GDWD�VHW�KDV�EHHQ�UDQNHG�DFFRUGLQJ�WR�RQH�YDULDEOH��WKH�DLP�LV�WR�DQDO\]H�KRZ�WKH�YDULDEOH

LV�GLVWULEXWHG�RYHU� WKH�GDWD�VHW��)LJXUH���VKRZV��RQ�D� ORJ�ORJ� VFDOH�� WKH�GLVWULEXWLRQ�RI� WKH�QXPEHU�RI

FRQQHFWLRQV�RYHU�WKH�(XURSHDQ�WHOHFRPPXQLFDWLRQV�QHWZRUN��7KH�JUDSK�VKRZV�WKDW�WKH�GDWD�PRVWO\�ILW

DQ�H[SRQHQWLDO�GLVWULEXWLRQ��UHVXOWLQJ�LQ�D�5
�
YDOXH�RI�������,I�ZH�LQYHVWLJDWH�WKH�H[LVWHQFH��LQ�RXU�GDWD

VHW��RI�D�SRZHU�ODZ�GLVWULEXWLRQ��WKHQ��DJDLQ�RQ�D�ORJ�ORJ�VFDOH��WKHUH�LV�D�VWUDLJKW�OLQH��7KH�5
�
UHIHUULQJ

WR� D� SRZHU� ODZ� GLVWULEXWLRQ� IRU� WKH� FRQQHFWLRQ� YDULDEOH� LV� HTXDO� WR� ������ZKLOH� WKH� H[SRQHQW� IRU� WKH

UHVXOWLQJ�IXQFWLRQ�LV������� ,Q�DGGLWLRQ�� WKH�GLVWULEXWLRQ�RI� WKH�QHWZRUNV YDULDEOH�VKRZV�DQ�H[SRQHQWLDO

GLVWULEXWLRQ�DV�ZHOO��UHDFKLQJ�D�5
�
YDOXH�RI������

7KH�UHVXOWV�LOOXVWUDWHG�DERYH�VKRZ�D�QHWZRUN�WKDW�VHHPV�WR�EH�PLVVLQJ�VFDOH�IUHH�SURSHUWLHV��ZKLFK

DUH�DVVRFLDWHG�ZLWK�D�SRZHU�ODZ�GLVWULEXWLRQ��VHH��H�J���$OEHUW�DQG�%DUDEDVL���������$�VOLJKWO\�GLIIHUHQW

WZLVW� LV� JLYHQ� WR� WKHVH� UHVXOWV� E\� VSOLWWLQJ� RXU� GDWDVHW� LQ� VHSDUDWH� FOXVWHUV�� :H� KDYH�� WKHUHIRUH�

FRPSXWHG��DFFRUGLQJ�WR�WKH�YDOXHV�RI�WKH�WZR�DYDLODEOH�YDULDEOHV��ILYH�FOXVWHUV�RXW�RI�WKH�FRPSOHWH�GDWD

VHW��$�KLHUDUFKLFDO�DVVRFLDWLYH�PHWKRG�ZDV�XVHG�LQ�RUGHU�WR�FRPSXWH�WKH�FOXVWHUV��QDPHO\�WKH�RQH�RI�WKH

PRVW�UHPRWH�QHLJKERU��RU�FRPSOHWH�OLQNDJH���VHH��H�J���$QGHUEHUJ��������+DWLJDQ���������7KH�IXUWKHVW

QHLJKERU� FRPSXWDWLRQV� UHVXOW� LQ� PRUH� KRPRJHQHRXV� FOXVWHUV�� ZKLFK� DUH� FRPSXWHG� E\� PHDQV� RI

DJJUHJDWLRQ��7KH�DOJRULWKP�LWHUDWLYHO\�FRPSXWHV�WKH�(XFOLGHDQ�GLVWDQFH�EHWZHHQ�WKH�IXUWKHVW�PHPEHUV

RI� WZR� FOXVWHUV�� ZKLFK� DUH� LQLWLDOO\� FRPSRVHG� E\� VLQJOH� FLWLHV�� DQG� DJJUHJDWHV� WKH� WZR� FOXVWHUV

PLQLPL]LQJ� WKLV� PHDVXUH�
��

7KH� LWHUDWLRQV� VWRS� ZKHQ� WKH� LGHDO� QXPEHU� RI� FOXVWHUV� LV� IRXQG�� 7KLV

��
7KH�(XFOLGHDQ�GLVWDQFH�LV�FRPSXWHG�DV�
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ZKHUH�L�M�LGHQWLI\�WZR�FOXVWHUV�DQG�Lz M��DQG�N�LV�WKH�QXPEHU�RI�YDULDEOHV��ZKLFK��LQ�RXU�FDVH��DUH�QHWZRUNV�DQG�FRQQHFWLRQV�
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FRUUHVSRQGV�WR�WKH�PD[LPL]DWLRQ�RI�WKH�REMHFWLYH�IXQFWLRQ��ZKLFK�LV�WKH�LQFUHPHQWDO�GLVWDQFH�FRPSXWHG

EHWZHHQ�WKH�FOXVWHUV�DIWHU�HDFK�DJJUHJDWLRQ�
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8UEDQ�3RSXODWLRQ�&HQWHUV
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)LEHU�OLQNV 3RZHU�/DZ ([SRQHQWLDO

)LJXUH���± 7KH�GLVWULEXWLRQ�RI�FRQQHFWLRQV�LQ�(XURSHDQ�FLWLHV�

7DEOH���SUHVHQWV�WKH�UHVXOWV�REWDLQHG�IRU�WKH�ILYH�FOXVWHUV�DQG�VKRZV�WKH�YDOXHV�RI�WKH�FRHIILFLHQWV

IRU� ERWK� DQ� H[SRQHQWLDO� GLVWULEXWLRQ� DQG� D� SRZHU� ODZ� GLVWULEXWLRQ� ILWWLQJ� WKH� GDWD�� 7KH� ILUVW� FOXVWHU

REVHUYHG�� FRQWDLQLQJ� WKH� ��� EHVW�FRQQHFWHG� FLWLHV�� EHWWHU� ILWV� D� SRZHU� ODZ� GLVWULEXWLRQ� WKDQ� DQ

H[SRQHQWLDO� GLVWULEXWLRQ�� 7KH� YDOXH� RI� WKH� SRZHU� ODZ� H[SRQHQW� LV� HTXDO� WR� ����� DQG� WKHUHIRUH�PXFK

KLJKHU�WKDQ�WKH�RQH�IRU�WKH�FRPSOHWH�GDWD�VHW���������$�PDS�RI�WKH�FLWLHV�EHORQJLQJ�WR�WKH�ILUVW�FOXVWHU�LV

SUHVHQWHG�LQ�$QQH[�$��)LJXUH�$���,W�LV�LQWHUHVWLQJ�WR�QRWH�WKDW�WKH����FLWLHV�EHORQJLQJ�WR�WKH�ILUVW�FOXVWHU

DOVR�FRUUHVSRQG��DVLGH�IRU�RQO\����WR�WKH�WRS�(XURSHDQ�FLWLHV�IRU�HVWLPDWHG�WRWDO�EDQGZLGWK�RI�EDFNERQH

FRQQHFWRUV��5XWKHUIRUG�HW�DO���������UHSRUWHG�LQ�$QQH[�$���7KH�FLWLHV�H[FOXGHG�E\�WKH�ILUVW�FOXVWHUV�DUH�

DQ\ZD\��EHWZHHQ�WKH�ILUVW�FLWLHV�RI�WKH�VHFRQG�FOXVWHU��7KH�WZR�OLVWV�VHHP��WKHUHIRUH��WR�EH�FRQVLVWHQW�WR

D�FHUWDLQ�GHJUHH�
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,Q� FRQWUDVW� WR� WKH� ILUVW� FOXVWHU�� WKH� UHPDLQLQJ� IRXU� FOXVWHUV� FRQILUP� D� EHWWHU� ILW� WR� H[SRQHQWLDO

GLVWULEXWLRQV��2QH�REMHFWLYH�KHUH�LV�WR�XQGHUVWDQG�ZK\�WKH�PRVW�FRQQHFWHG�FLWLHV�VKRZ�UHVXOWV�WKDW�DUH

GLIIHUHQW� IURP� WKH�RYHUDOO� RQHV��%HFDXVH� RI� D� UHGXFHG� QXPEHU� RI� FDVHV� DQDO\]HG�� LW� LV� FOHDU� WKDW� DQ\

MXGJPHQW�RQ�WKLV�FOXVWHU�VKRXOG�EH�JLYHQ�ZLWK�FDXWLRQ��EXW�RQH�LV�VWLOO�DEOH�WR�JLYH�DQ�LQWHUSUHWDWLRQ�RI

WKLV�UHVXOW��$V�SUHYLRXVO\�H[SODLQHG�LQ� WKH�GHVFULSWLRQ�RI� WKH�(XURSHDQ� WHOHFRPPXQLFDWLRQV�QHWZRUNV�

LQIUDVWUXFWXUH� GHYHORSPHQW� RIWHQ� FRQFHQWUDWHG� LQ� WKH� SUR[LPLW\� RI� LPSRUWDQW� EXVLQHVV� FHQWHUV��ZKLFK

ZRXOG�DOORZ�IRU� ODUJHU�HFRQRPLHV�RI�VFDOH�IRU�HQWHULQJ�RU� UHLQYHVWLQJ�RSHUDWRUV��7KH�UHVXOWV�REVHUYHG

IRU�WKH�ILUVW�FOXVWHU�RI�GDWD�VHHP�WR�VXJJHVW�WKDW�QHZ�DGRSWLRQ�SDWWHUQV�DQG�GHYHORSPHQW�DUH�WDNLQJ�SODFH

±�DQG�DUH�VWDUWLQJ��DV�H[SHFWHG�±�IURP�WKH�ELJJHU�PHWURSROLWDQ�FHQWHUV��ZKLFK�DUH�WKH�QHDUHVW�JURXS�WR

VFDOH�IUHH�EHKDYLRU��7KH�HYROXWLRQ�RI�WKLV�FOXVWHU�RYHU�WLPH�ZRXOG��ZLWK�WKH�SUHVHQFH�RI�XSGDWHG�GDWD�

DOORZ�IRU�D�FRQILUPDWLRQ�RI�WKLV�FHQWULIXJDOLW\�K\SRWKHVLV�

7DEOH���± 7KH�H[SRQHQW�DQG�FRHIILFLHQW�YDOXHV�IRU�WKH�H[SRQHQWLDO�DQG�SRZHU�ODZ�IXQFWLRQV�ILWWLQJ�WKH�QXPEHU�RI

FRQQHFWLRQV�LQ�(XURSHDQ�WHOHFRPPXQLFDWLRQV�QHWZRUNV�

1XPEHU�RI

&OXVWHUV

1XPEHU

RI�1RGHV

([SRQHQWLDO

&RHII�
([SRQHQWLDO

5
�

3RZHU/DZ

&RHII�
3RZHU�/DZ

5
�

� �� ������ ������ ������ ������

� �� ������ ������ ������ ������

� �� ������ ������ ������ ������

� �� ������ ������ ������ ������

� �� ������ ������ ������ ������

7RWDOV ��� ������ ������ ������ ������

�����(PSLULFDO�)LQGLQJV�IRU�WKH�8QLWHG�6WDWHV�&RPPXQLFDWLRQ�1HWZRUNV

'DWD�RQ�WKH�1RUWK�$PHULFDQ�ORQJ�KDXO�ILEHU�RSWLF�LQIUDVWUXFWXUH�ZDV�FROOHFWHG�IRU�������IURP�3ODWWV�,QF�

7HOFR0DS� *,6� SURGXFW�� 7KH� GDWD� VHW� FRYHUV� RYHU� IRUW\� GLIIHUHQW� SK\VLFDO� ILEHU� SURYLGHUV� LQ� 1RUWK

$PHULFD��DQG�FRQWDLQV�D�URXWH�FRQILGHQFH�OHYHO�IRU� WKH�JHRJUDSKLF�DFFXUDF\�RI� ULJKW�RI�ZD\� URXWLQJV�

)LJXUH���VKRZV� WKH�EDFNERQH�QHWZRUN�E\� ILEHU�GHQVLW\� IRU� WKH�8QLWHG�6WDWHV��7KH�GLDJUDP� LOOXVWUDWHV

WKDW�WKHUH�DUH�DUHDV��ZLWKLQ�WKH�8QLWHG�6WDWHV��WKDW�DUH�YHU\�ZHOO�FRQQHFWHG��DQG�PRVW�RI�WKHVH�SRLQWV�DUH

ORFDWHG� ZLWKLQ� RU� QHDU� PDMRU� SRSXODWLRQ� FHQWHUV�� $OVR� WKHUH� DUH� ODUJH� GHQVLWLHV� RI� SK\VLFDO� ILEHU

FRQQHFWLQJ�WKH�PDMRU�PHWUR�GHPDQG�FHQWHUV�

,Q�RUGHU�WR�JHW�D�VHQVH�RI�WKH�FRQQHFWLYLW\�GLVWULEXWLRQ�RI�WKH�86�ORQJ�KDXO�ILEHU�QHWZRUN��D�QRYHO

*,6�EDVHG�WHFKQLTXH�ZDV�LPSOHPHQWHG��2QH�RI�WKH�GLIILFXOWLHV�LQ�H[DPLQLQJ�SK\VLFDO�ILEHU�QHWZRUNV�LV

GHWHUPLQLQJ�ZKDW� LV� D� OLQN� DQG�ZKDW� LV� D� QRGH� LQ� WKH� QHWZRUN��:KHQ� YHU\� GHQVH� QHWZRUNV�� OLNH� WKH



��

1RUWK�$PHULFDQ�RQH��DUH�H[DPLQHG��LW�FDQ�EH�H[FHHGLQJO\�GLIILFXOW��:KLOH�WKH�SK\VLFDO�ORFDWLRQ�GDWD�FDQ

EH� YHU\� VSHFLILF�� LW� LV� LPSRVVLEOH� WR� NQRZ� ZKDW� SDUWV� RI� WKH� ILEHU� DUH� QRGHV� IRU� LQWHUFRQQHFWLRQ� RU

URXWLQJ�RU�HYHQ�ZKR�LV�OHDVLQJ�WKH�ILEHU�DQG�KRZ�LW�LV�EHLQJ�XWLOL]HG��-XVW�EHFDXVH�WZR�ILEHU�OLQHV�FURVV

LQ� SK\VLFDO� VSDFH�� LW� GRHV� QRW� LPSO\� WKDW� WKHUH� LV� DQ� RSHUDWLRQDO� URXWLQJ� QRGH� ORFDWHG� WKHUH�� )XUWKHU�

WKHUH�FDQ�EH�KXQGUHGV�RI�RSHUDWLRQDO�QHWZRUN�XWLOL]LQJ�DQ\�RQH�ILEHU�ULJKW�RI�ZD\��7R�FLUFXPYHQW�WKLV

SUREOHP�� DQ� RSHUDWLRQ�ZDV� H[HFXWHG� LQ�*,6�� WR� FDOFXODWH� WKH� QXPEHU� RI� ILEHU� OLQHV� LQWHUVHFWLQJ�ZLWK

PHWURSROLWDQ�VWDWLVWLFDO�DUHD��SURYLGLQJ�D�SUR[\�RI�WKH�QXPEHU�RI�ILEHU�OLQHV�RULJLQDWLQJ�IURP�WKH�DUHD�

7KH� ILEHU� FRQQHFWLYLW\� IRU� HYHU\�PHWURSROLWDQ� DUHD� DERYH� ������� SHRSOH� ZDV� WKHQ� UDQN� RUGHUHG� DQG

SORWWHG� WR� GHWHUPLQH� WKH� GLVWULEXWLRQ�� 7KH� UHVXOWV� RI� WKH� DQDO\VLV� GHPRQVWUDWH� WKDW� WKH� 86� ILEHU� OLQN

QHWZRUN�IROORZV�DQ�H[SRQHQWLDO�GLVWULEXWLRQ��VLPLODUO\�WR�WKH�(XURSHDQ�HTXLYDOHQW��)LJXUH���VKRZV�WKH

H[SRQHQWLDO� GLVWULEXWLRQ� IRU� WKH�8QLWHG� 6WDWHV�� ,W� FDQ� EH� VHHQ� WKDW� WKH�PRGHO� KDV� D� YHU\� JRRG� ILW�� DV

LQGLFDWHG�E\�WKH�5
�
RI�������,Q�WKH�FDVH�RI�SRZHU�ODZ�GLVWULEXWLRQ�ILWWLQJ��WKH�5

�
YDOXH�LV�������ZKLOH�WKH

H[SRQHQW�LV�������ZKLFK�ZRXOG�VXJJHVW�D�VWHHS�VORSH�DQG�VLJQLILFDQW�GLYLGH�EHWZHHQ�WKH�PRVW�DQG�OHDVW

FRQQHFWHG� QRGHV� LQ� D� QHWZRUN� �IURP� DQ� HFRQRPLF� SHUVSHFWLYH� WKLV� ZRXOG� LQGLFDWH� D� KLJK� *LQL

FRHIILFLHQW
��
��� DFFRUGLQJ� WR� WKH� OLWHUDWXUH� RQ� FRPSOH[� QHWZRUNV�� 5HJDUGLQJ� WKH� GLVWULEXWLRQ� RI� ILEHU

OLQNV�� LW� FDQ� EH� QRWHG� WKDW� WKH� PRVW� FRQQHFWHG� FLWLHV� RI� WKH� GDWD� VHW� VKRZ� YDOXHV� O\LQJ� DERYH WKH

HVWLPDWHG� FXUYH� IRU� DQ� H[SRQHQWLDO� GLVWULEXWLRQ�� 7KLV� HYLGHQFH� PLJKW� LPSO\� WKDW� ELJJHU� ±� RU� PRUH

FRQQHFWHG�±�FLWLHV�DUH�QRZ�GHYHORSLQJ�IDVWHU�WKDQ�WKH�RWKHUV��$�VLPLODU�SKHQRPHQRQ�KDV�DOUHDG\�EHHQ

REVHUYHG�IRU�,3�EDFNERQH�LQIUDVWUXFWXUH��*RUPDQ�DQG�.XONDUQL��������0RVV�DQG�7RZQVHQG��������

&OXVWHUV�IRU�WKH�86�GDWD�RQ�WKH�QXPEHU�RI�OLQNV��FRQVLVWLQJ�RI�����FLWLHV�PHWURSROLWDQ�DUHDV��WXUQHG

RXW�WR�EH�UDWKHU�GLIIHUHQW�IURP�WKH�RQHV�GHYHORSHG�IRU�(XURSH��:KHWKHU�E\�XVLQJ�SRSXODWLRQ��LQ�DGGLWLRQ

WR� WKH� QXPEHU� RI� OLQNV�� LQ� RUGHU� WR� DJJUHJDWH� WKH� FLWLHV�� RU� E\� QRW� XVLQJ� LW�� RQO\� WZR� FOXVWHUV� DUH

SURSRVHG��7KH�GLIIHUHQFH�LQ�WKH�UHVXOWLQJ�FOXVWHUV�VWDQGV�LQ� WKH�QXPEHU�RI�FLWLHV�EHORQJLQJ�WR� WKH�ILUVW

FOXVWHU��:KHQ� SRSXODWLRQ� LV� DOVR� FRQVLGHUHG�� WKH� ILUVW� FOXVWHUV� HQODUJHV�� IURP� FRPSULVLQJ� RQO\� 1HZ

<RUN�� WR� HPEUDFLQJ� /RV� $QJHOHV� DQG� &KLFDJR�� $GGLWLRQDO� DQDO\VHV�� XWLOL]LQJ� :DUG¶V� KLHUDUFKLFDO

FOXVWHULQJ�PHWKRG
��
��VKRZHG�WKDW�WZR�GLIIHUHQW�FOXVWHUV�FDQ�EH�REWDLQHG��7KH�ILUVW�FOXVWHU�FRPSULVHV�WKH

WRS����FLWLHV�LQ�WHUPV�RI�OLQNV��&RQVHTXHQWO\��WKH�VHFRQG�FOXVWHU�FRQWDLQV�WKH�UHPDLQLQJ�����FLWLHV��7KH

VPDOO�VL]H�RI�WKH�ILUVW�FOXVWHU�GRHV�QRW�DOORZ�XV�WR�WKRURXJKO\�H[DPLQH�LWV�FRQQHFWLYLW\�GLVWULEXWLRQ��DV

5
�
YDOXHV�IRU�ERWK�H[SRQHQWLDO�DQG�SRZHU�ODZ�GLVWULEXWLRQV�VKRZ�KLJK�YDOXHV�

��
7KH�*LQL�LQGH[�LV�D�PHDVXUH�RI�LQHTXDOLW\�LQ�GLVWULEXWLRQV��7KH�LQGH[�PHDVXUHV�WKH�H[WHQW� WR�ZKLFK�WKH�GLVWULEXWLRQ�RI�D

JLYHQ�YDULDEOH�GLIIHUV�IURP�D�SHUIHFWO\�HTXDO�GLVWULEXWLRQ��7KH�LQGH[�FDQ�DVVXPH�YDOXHV�UDQJLQJ�IURP����SHUIHFW�HTXDOLW\��WR

�����SHUIHFW�LQHTXDOLW\���7KH�PRVW�FRPPRQ�XVH�RI�WKH�*LQL�LQGH[�LV�IRU�PHDVXULQJ�LQFRPH�LQHTXDOLW\�
��
)RU�GHWDLOV�RQ�:DUG¶V�FOXVWHULQJ�PHWKRG�VHH�:DUG��������RU�PRUH�UHFHQWO\��(O�+DPGRXFKL�DQG�:LOOHWW��������
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)LJXUH���± 7KH�EDFNERQH�QHWZRUN�E\�EDQGZLGWK�GHQVLW\�IRU�WKH�8QLWHG�6WDWHV

6LQJXODUO\��WKH�FLWLHV�FRPSULVHG�LQ�WKH�ILUVW�FOXVWHU�GR�QRW�FRUUHVSRQG�WR�WKH�WRS����FLWLHV�LQ�WHUPV�RI

SRSXODWLRQ��:KLOH�VHYHUDO�PDMRU�FLWLHV�DQG�PHWURSROLWDQ�DUHDV�EHORQJ�WR�WKH�FOXVWHU��ZH�VKRXOG�QRWH�WKH

SUHVHQFH�RI�UHODWLYHO\�PLQRU�DUHDV��VXFK�DV�)RUW�/DXGHUGDOH�:HVW�3DOP�%HDFK��(O�3DVR��RU�%ULGJHSRUW�

7KLV�RFFXUUHQFH�FDQ�EH�H[SODLQHG�E\�WKH�JHRJUDSKLFDO�FKDUDFWHULVWLFV�RI�VXFK�FLWLHV��'XH�WR�WKH�SODQDU

QDWXUH� RI� ILEHU� QHWZRUNV�� WKHVH� FLWLHV� DUH� JDWHZD\V� RQ� WKH� URDG� WR� PDMRU� HQG�RI�WKH�OLQH� ORFDWLRQV�

ZKLFK��IRU�WKLV�UHDVRQ��HQMR\�D�ODUJHU�QXPEHU�RI�OLQNV��)RU�H[DPSOH��(O�3DVR�LV�DQ�LPSRUWDQW�URXWLQJ�KXE

EHWZHHQ�WKH�ODUJH�/RV�$QJHOHV�DQG�'DOODV�PDUNHWV���:KLOH�(O�3DVR�GRHV�QRW�KDYH�D�ODUJH�GHPDQG�LWVHOI

LW�LV�DQ�LPSRUWDQW�JHRJUDSKLF�ORFDWLRQ�URXWLQJ�ZLVH���:KHQ�H[DPLQLQJ�WKH�VHFXULW\�RI�DQ�LQIUDVWUXFWXUH

PRVW�RIWHQ�SURPLQHQW�LPSHWXV�LV�SODFHG�RQ�WKH�ODUJHVW�FLWLHV��EXW�DV�WKLV�DQDO\VLV�SRLQWV�RXW�VPDOOHU�EXW

JHRJUDSKLFDOO\�VWUDWHJLF�FLWLHV�DUH�DOVR�LPSRUWDQW�WR�FRQVLGHU���7KLV�DOVR�LOOXVWUDWHV�D�FULWLFDO�GLIIHUHQFH

EHWZHHQ�WKH�DQDO\VLV�RI�ORJLFDO�QHWZRUNV�OLNH�WKH�,QWHUQHW�DQG�SK\VLFDO�QHWZRUNV�OLNH�ILEHU�RSWLF�FDEOH�

,Q� DQ� ,QWHUQHW�QHWZRUN�'DOODV�DQG�/RV�$QJHOHV�ZRXOG�KDYH�D�GLUHFW� FRQQHFWLRQ� WR�HDFK�RWKHU�DQG�(O

3DVR�ZRXOG�EH�D�PLQRU�ORFDWLRQ���%DVHG�RQ�WKH�QXPEHU�RI�ORJLFDO�,QWHUQHW�FRQQHFWLRQV�(O�3DVR�LV���
WK
�

EXW�UDQNV��
WK
LQ�SK\VLFDO�ILEHU���%ULGJHSRUW�LV�HYHQ�PRUH�GUDPDWLF�DV�D�URXWLQJ�SRLQW�EHWZHHQ�1HZ�<RUN

&LW\�DQG�%RVWRQ�±�UDQNLQJ����
WK
LQ�ORJLFDO�,QWHUQHW�FRQQHFWLRQV�DQG���

WK
LQ�SK\VLFDO�ILEHU�FRQQHFWLRQV�

7KH�GLIIHUHQFH�EHWZHHQ�SODQDU�DQG�QRQ�SODQDU�QHWZRUNV�LV�QRW�RQO\�VHHQ�LQ�FRQQHFWLYLW\�GLVWULEXWLRQV�
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EXW� DOVR�ZKLFK� SODFHV� LQ� WKRVH� GLVWULEXWLRQV� DUH� LPSRUWDQW�� � $OVR� LW� UHLQIRUFHV� WKH� IDFW� WKDW� DQ\� RQH

FRQQHFWLYLW\�GLVWULEXWLRQ�FDQ�UHSUHVHQW�D�ZLGH�YDULHW\�RI�UHDO�ZRUOG�WRSRORJLHV�

\� �������H������[
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\� ������[�������

5�  �������

�

��

���

����

�����

������

� �� ��� ����

8UEDQ�3RSXODWLRQ�&HQWHUV�

&
R
X
Q
W

/LQNV ([SRQHQWLDO 3RZ HU�/DZ

)LJXUH���± 7KH�GLVWULEXWLRQ�RI�ILEHU�OLQNV�LQ�86�FLWLHV

�����$�&RPSDULVRQ�RI�WKH�5HVXOWV�2EWDLQHG�IRU�WKH�86�DQG�(XURSH

'LIIHUHQFHV� EHWZHHQ� WKH� 8QLWHG� 6WDWHV� DQG� (XURSH� LQ� WHUPV� RI� WKH� GLVWULEXWLRQ� SURSHUWLHV� RI� WKHLU

WHOHFRPPXQLFDWLRQV� QHWZRUNV� FDQ� EH� H[SODLQHG� E\� WHFKQRORJLFDO�� HFRQRPLF�� FXOWXUDO�� DQG� SROLF\

IDFWRUV��DOO�RI�ZKLFK�DUH�YHU\�PXFK�LQWHUWZLQHG��$V�QRWHG�LQ�7DEOH����WKH�8�6��OHDGV�(XURSH�LQ�WHUPV�RI

VRPH� RI� WKH� YDULDEOHV� WKDW� UHIOHFW� WKHVH� IDFWRUV� ±� L�H��� *'3� SHU� FDSLWD�� +XPDQ� 'HYHORSPHQW� ,QGH[�

(GXFDWLRQ� ,QGH[� DQG� 5	'� H[SHQGLWXUHV�� )XUWKHU�� WKHUH� LV� D� JUHDWHU� VSDWLDO� GLVSDULW\� EHWZHHQ� WKHVH

IDFWRUV�LQ�(XURSH��ZKHUHDV�LQ�WKH�8QLWHG�6WDWHV� WKH\�DUH�UHODWLYHO\�XQLIRUP�DFURVV�PHWURSROLWDQ�DUHDV�

7KH�H[FHSWLRQ�LV�UXUDO�DUHDV��DOWKRXJK�WKH\�DUH�QRW�FRQVLGHUHG�LQ�WKLV�DQDO\VLV�

(XURSH�KDV�DOVR�KLVWRULFDOO\�KDG�DQ�LQVWLWXWLRQDO�IUDPHZRUN�WKDW�RQH�PD\�DUJXH�KDV�FRQWULEXWHG�WR

YDVW� VSDWLDO� GLVSDULWLHV� LQ� WKH� GHSOR\PHQW� RI� WHOHFRPPXQLFDWLRQV� LQIUDVWUXFWXUH�� $FFHVV� FRVWV�� DORQJ



��

ZLWK�D�VORZ�DSSURYDO�SURFHVV��KLQGHU�IUHH�DFFHVV�LQWR�WKH�PDUNHW��7KHVH�VDPH�IRUFHV�KDYH�SUHYHQWHG�WKH

WHOHFRPPXQLFDWLRQV� QHWZRUN� LQ� (XURSH� IURP� HYROYLQJ� DFFRUGLQJ� WR� WKH� IDFWRUV� WKDW� DUH� QHFHVVDU\

LQJUHGLHQWV�IRU�WKH�HPHUJHQFH�RI�SRZHU�ODZ�GLVWULEXWLRQV��UHZLULQJ��LQFUHPHQWDO�JURZWK�DQG�SUHIHUHQWLDO

DWWDFKPHQW�

:KLOH� WKHVH� LQVWLWXWLRQDO� DQG� HFRQRPLF� GLIIHUHQFHV� KDYH� D� FOHDU� HIIHFW� RQ� WKH� GHYHORSPHQW� RI� ,3

QHWZRUNV�VHHQ�LQ�SUHYLRXV�VWXGLHV��6FKLQWOHU�HW�DO��������*RUPDQ�DQG�.XONDUQL�������WKH\�GR�QRW�VHHP

WR�LQIOXHQFH�WKH�GLVWULEXWLRQ�RI�ILEHU�FDEOH�OLQNV��ZKLFK�ZH�REVHUYHG�LQ�6HFWLRQV����±���7KH�UHDVRQ�IRU

WKH�XQLIRUP�UHVXOWV�IRXQG�LQ�WKLV�SDSHU�PLJKW�OLH�LQ�WKH�SODQDU�QDWXUH�RI�ILEHU�FRQQHFWLRQ�QHWZRUNV��7KH

GHSOR\PHQW�RI�VXFK�QHWZRUNV�UHTXLUHV� ODUJH� IL[HG�FRVWV��ZKLFK�DUH�DQ�REVWDFOH� WR� WKH�GHYHORSPHQW�RI

FRPSHWLWLRQ�DV�IDVW�DQG�G\QDPLF�DV�WKH�RQH�REVHUYHG�IRU�,3�QHWZRUNV�

���&RQFOXVLRQV

7KH� DQDO\VLV� HYRNHV� VRPH� LQWHUHVWLQJ� TXHVWLRQV� WKDW�PLJKW� EH� WKH� IRFXV� RI� IXUWKHU� LQYHVWLJDWLRQV�� $

PRUH�ULJRURXV�DQDO\VLV�RI�VRPH�RI�WKH�IDFWRUV�WKDW�KDYH�OHG�WR�GLIIHUHQFHV�EHWZHHQ�WKH�86�DQG�(XURSH

LQ�WHUPV�RI�WKHLU�WHOHFRPPXQLFDWLRQV�QHWZRUNV�LV�UHFRPPHQGHG��,Q�SDUWLFXODU��IXUWKHU�VWXG\�LV�QHHGHG�WR

H[SORUH�KRZ�FXOWXUDO��SROLWLFDO��HFRQRPLF�DQG�WHFKQRORJLFDO�IDFWRUV�KLQGHU�WKH�SURFHVVHV�QHFHVVDU\�IRU

WKH� GHYHORSPHQW� RI� D� QHWZRUN� WKDW� KDV� SRZHU� ODZ� GLVWULEXWLRQ� SURSHUWLHV�� 7KLV� FRXOG� HLWKHU� EH� GRQH

PDWKHPDWLFDOO\�� XVLQJ� VWDWLVWLFDO� PRGHOV� RU� VLPXODWLRQ�� RU� WKURXJK� FDVH� VWXGLHV�� SHUKDSV� H[DPLQLQJ

VRPH� RI� WKH� QDWLRQV� LQ� (XURSH� WKDW� UHSUHVHQW� RXWOLHUV� LQ� WKH� DQDO\VLV�� ,W� PD\� DOVR� EH� LQWHUHVWLQJ� WR

H[SORUH�KRZ�WKH�FOXVWHUV�LGHQWLILHG�LQ�WKLV�SDSHU�KDYH�HYROYHG�RYHU�WLPH��DV�WKH�PDUNHW�H[SDQGHG�LQ�WKH

86� DQG�(XURSH�� DQG� WR� XWLOL]H� DOWHUQDWLYH� FOXVWHULQJ�PHWKRGV� WR� YHULI\� WKH� FRQVLVWHQF\� RI� WKH� UHVXOWV

SUHVHQWHG�LQ�WKLV�SDSHU�

$FNQRZOHGJHPHQWV

7KH�DXWKRUV�ZLVK� WR� WKDQN�6DQGUD�9LQFLJXHUUD� �8QLYHUVLW\�RI�%RORJQD�� ,WDO\�� IRU� WKH� FOXVWHU� DQDO\VLV

HODERUDWLRQ�

5HIHUHQFHV

$OEHUW��5��DQG�$��/��%DUDEDVL���������7RSRORJ\�RI�(YROYLQJ�1HWZRUNV��3K\VLFDO�5HYLHZ�/HWWHUV ����SS�

����������
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$OEHUW��5��DQG�$��/��%DUDEDVL���������6WDWLVWLFDO�0HFKDQLFV�RI�&RPSOH[�1HWZRUNV��5HYLHZ�RI�0RGHUQ

3K\VLFV ����SS�����

$OOHQ��'����������'\QDPLF�,QGXVWU\�6WUXFWXUH�DV�3ROLF\"�7KUHH�$OOLDQFHV�DQG�:RUOG

7HOHFRPPXQLFDWLRQV��,Q��7HOHFRPPXQLFDWLRQ��1HZ�'\QDPLFV�DQG�'ULYLQJ�)RUFHV��$��%LDQFKL

DQG�*��5LFKHUL��(GV��$PVWHUGDP��,26�3UHVV�
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