
6WUXFWXUDO�UHOD[DWLRQ�DW�SODVWLF�GHIRUPDWLRQRI�WZR�GLPHQVLRQDO�SRO\FU\VWDOV�ZLWK�IFF�ODWWLFH
(�(�%DGL\DQ��$�*�7RQNRSULDG��1�$�6DNKDURYD�2�9�6KHNKRYWVRY��5�9�6KXULQRY�

9�.DUD]LQ�.KDUNLY�1DWLRQDO�8QLYHUVLW\���6YRERG\�6T���������.KDUNLY��8NUDLQH
6WUXFWXUDO� UHOD[DWLRQ� SURFHVVHV� DW� SODVWLF� GHIRUPDWLRQ� RI� WZR�GLPHQVLRQDO� FRSSHU� DQGDOXPLQXP� SRO\FU\VWDOV� KDYH� EHHQ� VWXGLHG�� ,Q� H[SHULPHQWV�� YDULRXV� W\SHV� RI� URWDWLRQDOHIIHFWV�²�EURNHQ��WKURXJK��DQG�FROOHFWLYH�UHRULHQWDWLRQ�EDQGV�KDYH�EHHQ�REVHUYHG�DV�ZHOOVHFRQGDU\� URWDWLRQV� EHLQJ� IRUPHG�QHDU� WKH�SUHYLRXVO\� DSSHDUHG� EDQGV��$� SDUWLFXODU� SDUWSOD\HG�E\�VSHFLDO�DQG�FORVH�WR�VSHFLDO�JUDLQ�ERXQGDULHV�LQ�SODVWLF�URWDWLRQV�IRUPDWLRQ�KDVEHHQ�HVWDEOLVKHG�
Æ�éjivzn�qxsnlvkjt��wév|nxx��xzéyrzyétvp�énsjrxj|qq�wéq�wsjxzq·nxrvp�ln{véuj�|qq� lkyunét�}� wvsqréqxzjssvk� jsíuqtq¹� q� unlq�� êrxwnéquntzjs�tv� vitjéy nt�éjosq·t�n�kql��évzj|qvtt�}�ë{{nrzvk�²�vivékjtt�n��xrkvot�n�q�rvssnrzqkt�n�wv�svx��wnénvéqntzj|qq�� j�zjr n�kzvéq·t�n�évzj|qq�� kvotqrjí�qn� k�visjxzq�éjtnn�wv�¹kqk¡q}x¹� wvsvx�� Ïxzjtvksntj� vxvij¹� évs�� xwn|qjs�t�}� q� isqorq}� r� xwn|qjs�t�uméjtq|ju�onént�k�viéjovkjtqq�wsjxzq·nxrq}�évzj|qp��

5HFHQWO\��FRQFHSWV�RI�SODVWLF�GHIRUPDWLRQDV�D�SURFHVV�RFFXUULQJ�DW�GLIIHUHQW�VFDOH�OHY �HOV� LQ� WZR� FRPSOHPHQWDU\� DQG� FRPSHWLQJFKDQQHOV�� WUDQVODWLRQDO� DQG� URWDWLRQDO� RQHV>���@�DUH�GHYHORSHG��8QGHU�SODVWLF�GHIRUPD �WLRQ� RI� SRO\FU\VWDOV�� VWUHVV� FRQFHQWUDWRUVDULVH�DW�WKH�JUDLQ�ERXQGDULHV�GXH�WR�GLIIHU �HQFH�EHWZHHQ�VKHDU�DQG�URWDWLRQ�VWUDLQ�FRP �SRQHQWV�RI�DGMDFHQW�JUDLQV��WKHVH�FRQFHQWUD �WRUV� PD\� EH� UHOD[HG� LQ� YDULRXV� PDQQHUV�7KH� YDULHW\� RI� VWUHVV� FRQGLWLRQ� UHOD[DWLRQPDQQHUV�IRXQG�RXW�LQ�H[SHULPHQW�FDXVHV�DQLQWHUHVW� LQ�VWXGLHV�RI�UHOD[DWLRQ�SKHQRPHQDLQ�SRO\FU\VWDOV�$V� WKH� UHVHDUFK� REMHFWV�� FKDUDFWHULVWLFW\SHV� RI� IFF� PHWDOV� ZLWK� ORZ� DQG� KLJKVWDFNLQJ� IDXOW� HQHUJ\� KDYH� EHHQ� FKRVHQ�QDPHO\�� FRSSHU� DQG� DOXPLQXP� VDPSOHV�7KH�ZRUNLQJ SDUW�VL]H�RI�WKH�VSHFLPHQV�ZDV���×��×�����PP��� WKH� JUDLQ� VL]H� �� WR���PP��7KH�GHVLUHG�VSHFLPHQ�VWUXFWXUH�ZDVSURYLGHG� E\� VHOHFWLRQ� RI� SUHOLPLQDU\� VWUDLQDQG� RI� UHFU\VWDOOL]DWLRQ� DQQHDOLQJ� UHJLPH�$OO� VSHFLPHQV� REWDLQHG� ZHUH� WZR�GLPHQ �VLRQDO� SRO\FU\VWDOV�� WKDW� LV�� FRQWDLQ� WKHWKURXJK�JUDLQ�ERXQGDULHV��2Q�WKH�RQH�KDQG�

LQ�VXFK�VDPSOHV�YDULRXV�UHOD[DWLRQ�SURFHVVHVVKRXOG� EH� PDQLIHVWHG� FOHDUO\� HQRXJK� EH �FDXVH�WKHUH�DUH�QR�FRQVWUDLQWV� LQ�WKH�GLUHF �WLRQ� SHUSHQGLFXODU� WR� WKH� VDPSOH� VXUIDFH�2Q�WKH�RWKHU�KDQG��LW�LV�HDV\�WR�REWDLQ�VXFKVDPSOHV� ZLWK� FRQWUROOHG� GHQVLW\� RI� JUDLQERXQGDULHV�� 7KH� VSHFLPHQV� ZHUH� VWUDLQHGXQGHU� DFWLYH� WHQVLRQ� FRQGLWLRQV� DW� D� FRQ �VWDQW� VWUDLQLQJ� UDWH� � ε
.  ����� V���� 6XFKVWUDLQLQJ�UDWH�DOORZHG�XV�WR�REVHUYH�LQ�VLWXWKH� VWUXFWXUDO� FKDQJHV� DFFRPSDQ\LQJ� WKHVSHFLPHQ�SODVWLF�GHIRUPDWLRQ�XVLQJ�D�PHWDO �OXUJLFDO�PLFURVFRSH� RU� D� GLJLWDO� YLGHR� FDP�HUD�FRQQHFWHG�ZLWK�D�FRPSXWHU�,W�LV�VKRZQ�LQ�H[SHULPHQW�WKDW�LQ�WZR�GL �PHQVLRQDO� DOXPLQXP� DQG� FRSSHU� SRO\FU\V �WDOV�� WKH� PDLQ� ZD\� WR� WKH� VWUHVV� VWDWH� UH �OD[DWLRQ� LV� WKH�RULJLQDWLRQ� RI� URWDWLRQDO�HI �IHFWV� >����@��$W� WKH� ILUVW� VWDJH� RI� UHVHDUFK�WKH�QXPEHU�RI�DQ\�URWDWLRQV�DULVLQJ�LQ�YDUL �RXV�DOXPLQXP�SRO\FU\VWDO�DUHDV��JUDLQ�ERG\�JUDLQ�ERXQGDU\��GXULQJ�SODVWLF�GHIRUPDWLRQKDV�EHHQ�GHWHUPLQHG��7KHVH�UHVXOWV�DUH�SUH �VHQWHG�LQ�)LJ�����5RWDWLRQDO�HIIHFWV�LQ�JUDLQERXQGDULHV� DUH� DSSHDUHG� DOUHDG\� DW� HDUO\SODVWLF�GHIRUPDWLRQ� VWDJHV�� 6R� DW� WKH� VSHFL �

)XQFWLRQDO�0DWHULDOV�����1R��������� �������²�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV

��� )XQFWLRQDO�PDWHULDOV�������������



PHQ�GHIRUPDWLRQ�ε ≈ �����WKH�UHODWLYH�VKDUHRI�URWDWLRQV�LQ�ERXQGDULHV�PDNHV�DERXW����DQG�LW�LQFUHDVHV�LQVLJQLILFDQWO\�ZLWK�WKH�GH �IRUPDWLRQ� UHDFKLQJ� DERXW� �� �� WR� WKH� PR �PHQW� RI� VSHFLPHQ� IDLOXUH�� $W� WKH� VSHFLPHQGHIRUPDWLRQ� QRW� H[FHHGLQJ� ε ≈ ������ URWD�WLRQDO� HIIHFWV� LQ� WKH� IRUP� RI� UHRULHQWDWLRQEDQGV��5%��LQ�JUDLQ�ERG\�DUH�QRW�REVHUYDEOHHVVHQWLDOO\��8QGHU�WKH�IXUWKHU�VWUDLQLQJ��WKHUHRULHQWDWLRQ� EDQGV� DULVH� LQ� ERGLHV� RI� YDUL �RXV� JUDLQV�� WKHLU� QXPEHU� EHLQJ� LQFUHDVLQJ�7KH�UHODWLYH�VKDUH�RI�UHRULHQWDWLRQ�EDQGV�WRWKH�VSHFLPHQ�IDLOXUH�PRPHQW�DPRXQWV�DERXW������

7KXV�� WKH� H[SHULPHQWDO� GDWD� REWDLQHGWHVWLI\� WKDW� XQGHU� SODVWLF� GHIRUPDWLRQ� RIWZR�GLPHQVLRQDO� DOXPLQXP�SRO\FU\VWDOV��UR �WDWLRQDO� HIIHFWV� LQ� JUDLQ� ERG\� DUH� PDQL �IHVWHG�PRVW� FOHDUO\�� ,Q� WKH� DOXPLQXP� VDP�SOHV� GHIRUPHG�� DV� D� UXOH�� WKH� IROORZLQJW\SHV� RI� 5%� DUH� IRXQG� RXW�� WKURXJK� EDQGV�)LJ���D�� FURVVLQJ� WKH� ZKROH� JUDLQ� ERG\IURP� RQH� ERXQGDU\� WR� DQRWKHU� RQH�� EURNHQRQHV� �)LJ���E�� ZLWK� REWXVH�DQJXODU� RUZHGJH�VKDSHG� WRSV�� DQG� DOVR� FROOHFWLYH� 5%ZLWK�OHQJWK�H[FHHGLQJ�WKHLU�ZLGWK�FRQVLGHU �DEO\�� 5HVHDUFK� RI� UHOD[DWLRQ� SURFHVVHV� E\PHDQV�RI�GLJLWDO�FDPHUD�UHFRUGHU�ZKLFK�SHU �PLWWHG� WR� WUDFH� URWDWLRQDO� HIIHFWV� DSSHDU �DQFH�DQG�GHYHORSPHQW�DW�D�SHULRG�RI������VKDV�DOORZHG�WR�ILQG�RXW�D�QHZ�W\SH�RI�URWD �WLRQV�� WKDW� LV�� WKH� VHFRQGDU\� RQHV� �)LJ�����7KHVH� URWDWLRQV� DSSHDU� ZLWKLQ� WKH� ERG\� RIUHRULHQWDWLRQ�EDQGV�DULVHQ�HDUOLHU��$�VRXUFHRI� SULPDU\� DQG� VHFRQGDU\� URWDWLRQ� LV� WKHVDPH�JUDLQ�ERXQGDU\�7KH�;�UD\�H[DPLQDWLRQV�KDYH�VKRZQ�WKDWJUDLQ�ERXQGDULHV�QHDU�ZKLFK�WKH�RFFXUUHQFHRI� 5%� ZDV� UHYHDOHG� DV� ZHOO� DV� WKH� DOOERXQGDULHV� RI� GHIRUPDWLRQDO� RULJLQ� ��5%�JUDLQ� ERG\��� DSSHDUHG�� LQ� YLHZ� RI� %UDQGRQFULWHULRQ�� FORVH� WR� VSHFLDO� RQHV��%HVLGHV�� DOOUHRULHQWDWLRQ� EDQGV� DULVLQJ� ZLWKLQ� WKHERXQGV� RI� RQH� JUDLQ� KDG� LGHQWLFDO� FU\VWDO �ORJUDSKLF� RULHQWDWLRQ� DQG� KDYH� EHHQ� RUL �HQWHG� IDYRUDEO\� IRU� GHYHORSPHQW� RI� VKHDUGHIRUPDWLRQ� WKHUHLQ�� 7KXV�� DW� WKH� LQLWLDOSODVWLF� GHIRUPDWLRQ� VWDJHV� RI� WZR�GLPHQ �VLRQDO� DOXPLQXP� SRO\FU\VWDOV�� WKH� VWUHVVVWDWH� UHOD[DWLRQ� RFFXUV� E\� IRUPDWLRQ� RI� UR �

)LJ�����&KDQJH�RI�UHODWLYH�VKDUH��Q�Q���RI�GLI�IHUHQW� DUHDV� LQ� D� WZR�GLPHQVLRQDO� DOXPLQXPSRO\FU\VWDO� VXEMHFWHG�E\� URWDWLRQDO� HIIHFWV�DWSODVWLF� GHIRUPDWLRQ�� JUDLQ� ERXQGDULHV� ����JUDLQ�ERG\�����

)LJ�����'LIIHUHQW� W\SHV� RI� SODVWLF� URWDWLRQV� LQ� WZR�GLPHQVLRQDO� DOXPLQXP� SRO\FU\VWDOV�� �D �� EURNHQ5%���E��WKURXJK�5%��×��

(�(�%DGL\DQ�HW�DO����6WUXFWXUDO�UHOD[DWLRQ�DW����

)XQFWLRQDO�PDWHULDOV������������� ���



WDWLRQDO�HIIHFWV�DV�5%�RI�YDULRXV�IRUPV�DQGVL]HV� LQ�WKH�DUHDV�RI�JUDLQ�ERXQGDULHV�FORVHWR�VSHFLDO�RQHV��8QGHU�IXUWKHU�GHIRUPDWLRQ�UHRULHQWDWLRQ� EDQGV� DULVH� RULHQWHG� LQ� VXFKPDQQHU� WKDW� WKH� IXUWKHU� UHOD[DWLRQ� RFFXUVWKHUHLQ�E\�WKH�GLVORFDWLRQ�VOLGLQJ�7KH�H[SHULPHQWDO�UHVXOWV�REWDLQHG�WHVWLI\WKH�VSHFLILF�UROH�RI�VSHFLDO�DQG�FORVH�WR�VSH �FLDO�JUDLQ�ERXQGDULHV�LQ�UHOD[DWLRQ�SURFHVVHVDFFRPSDQ\LQJ� WKH� SRO\FU\VWDO�SODVWLF�GHIRU �PDWLRQ�� 7R� FKHFN� WKLV� DVVXPSWLRQ�� SODVWLFGHIRUPDWLRQ�ZDV�VWXGLHG�LQ�WZR�GLPHQVLRQDOFRSSHU�SRO\FU\VWDOV�ZKHUH�DOO�JUDLQ�ERXQGD �ULHV� DUH� VSHFLDO� RQHV� GXH� WR� ORZ� VWDFNLQJIDXOW� HQHUJ\��7KH�VWUHVV� VWDWH�UHOD[DWLRQ� LQFRSSHU�VDPSOHV�RFFXUV�E\�IRUPDWLRQ�RI�URWD �WLRQDO� HIIHFWV� LQ� WKH� IRUP� RI� VDPSOH� VHSD �UDWH� DUHD� URWDWLRQV� SHUSHQGLFXODU� WR� WKHVDPSOH�VXUIDFH�LQ�HVVHQWLDOO\�DOO�JUDLQV��7KHPD[LPXP�SODVWLF� GHIRUPDWLRQ� LQ� VXFK�VDP�SOHV�H[FHHG�������7KXV�� WKH� H[SHULPHQWDO� UHVXOWV� REWDLQHGVKRZ��WKDW�WKH�VWUXFWXUDO�UHOD[DWLRQ�LQ�WZR�GLPHQVLRQDO�FRSSHU�DQG�DOXPLQXP�SRO\FU\V �WDOV� RFFXUV� E\� URWDWLRQDO� HIIHFWV� DULVLQJ� LQWKH�VSHFLDO�DQG�FORVH�WR�VSHFLDO�JUDLQ�ERXQG �DU\�DUHDV��6XFK�UHOD[DWLRQ�ZD\�QRW�RQO\�UH �GXFHV�HIIHFWLYHO\�WKH�VWUHVV�FRQFHQWUDWLRQ�LQWKH� VDPSOH� EXW� DOVR� UDLVHV� HVVHQWLDOO\� LWVSODVWLFLW\�� VLQFH� URWDWLRQDO� GHIRUPDWLRQSOD\V�QRW�RQO\�DFFRPPRGDWLRQ�UROH�EXW�DOVRFRQWULEXWHV� VXEVWDQWLDOO\� WR� VDPSOH� SODVWLFGHIRUPDWLRQ� 5HIHUHQFHV���9�(�3DQLQ��9�(�<HJRUXVKNLQ��3�9�0DNDURY�HWDO��� 3K\VLFDO� 0HVRPHFKDQLFV� DQG� &RPSXWHU'HVLJQLQJ� RI�0DWHULDOV�� Y����1DXND��1RYRVL�ELUVN���������>LQ�5XVVLDQ@�

���9�$�%DWDHY�� $�$�%DWDHY�� /�,�7UXVKLQVNL\� HWDO��� 9HVWQLN� 7DPE��8QLY��� (VWHVWY��L� )L]LFK�1DXNL�������������������9�9�5\ELQ�� /DUJH� 3ODVWLF� 'HIRUPDWLRQ� DQG)DLOXUH�RI�0HWDOV��0HWDOOXUJLD��0RVFRZ�������>LQ�5XVVLDQ@����(�(�%DGL\DQ�� $�*�7RQNRSU\DG�� 1�$�6DN�KDURYD��)XQFWLRQDO�0DWHULDOV�������������������(�(�%DGL\DQ��$�*�7RQNRSU\DG��2�9�6KHNKRYW�VRY� HW� DO��� 9LVQ\N�.KDUNLY��1DWVLRQ��8QLY��LP�9�1�.DUD]LQD��)L]LND�����������������

fzéyrzyétj�énsjrxj|L¹�wéq�wsjxzq·tLp�ln{véuj|L¢lkvkquLétq}�wvsLréqxzjsLk�o�­gÇ�én¡òzrví
����rÈ�L«Ó��k����ºÓ}º¹¯«���s�|�vÈ²È¯ºmÈ��|�{�bË²ºm�ºm�c�{�b�¯LÓºm
Ï� évivzL� lvxsLl ntv� wév|nxq� xzéyrzyétv¢� énsjrxj|L¢� wéq� wsjxzq·tLp� ln{véuj|L¢lkvkquLétq}� wvsLréqxzjsLk� jsíuLtLí� zj� uLlL�� crxwnéquntzjs�tv� otjplntv� éLotL� kqlqévzj|Lptq}�n{nrzLk�²�viLékjtL��tjxréLotL�zj�rvsnrzqktL�xuymq�wnénvéL�tzj|L¢��j�zjrv kzvéqttL�évzj|L¢��¹rq�kq¹ks¹íz�x¹�k�visjxzL�éjtL¡�kqtqrsq}�xuym��Æxzjtvksntj�vxvi�sqkj�évs��xwn|Ljs�tq}�zj�isqo�rq}�lv� xwn|Ljs�tq}�un �onént�y�{véuykjttL�wsjxzq·�tq}�évzj|Lp��

)LJ����� 7ZR�GLPHQVLRQDO� DOXPLQXP� SRO\FU\V�WDO�DIWHU�VWUDLQLQJ��ε  ��������JUDLQ������SUL�PDU\�URWDWLRQ������VHFRQGDU\�URWDWLRQ������×��

(�(�%DGL\DQ�HW�DO����6WUXFWXUDO�UHOD[DWLRQ�DW����

��� )XQFWLRQDO�PDWHULDOV�������������


