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7KH� VWUXFWXUH� GHIHFWV� LQ� DONDOL� KDOLGHFU\VWDOV� DUH� EHOLHYHG� WR� EH� UDWKHU� UHVLVWDQWDJDLQVW� LQIOXHQFHV�RI�HODVWLF�ILHOGV�� LQGXFHGE\�XOWUDVRQLF�ZDYHV��86:���WKDW�LV��WKH�XO �WUDVRXQG� LV� RQO\� D� IDFWRU� VWLPXODWLQJ� WKHGLVORFDWLRQ� PRWLRQ� DQG� FKDQJHV� LQ� WKH� PH �WDVWDEOH�VWUXFWXUH��ORFDO�GLVWULEXWLRQ��RI�WKHGHIHFWV� DV� D� ZKROH�� 7KH� GLVORFDWLRQ� PRWLRQLV� FDXVHG�E\� DQ� H[WHUQDO� ORDGLQJ� RU� WKH� UH �VLGXDO�HODVWLF�VWUHVV�ILHOGV�SUHVHQW�DOZD\V�LQWKH� FU\VWDOV�� 7KH� SUHVHQFH� RI� ILHOGV� GLIIHU �HQW�LQ�QDWXUH��KRZHYHU��LQIOXHQFHV�ERWK�WKHFRQFHQWUDWLRQ�DQG�VWDWH�RI�WKH�VWUXFWXUH�GH �IHFWV� ZKLOH� WKH� GHIHFW� VWDWH� FKDQJHV� UHVXOWLQ�D�FKDQJH�RI�WKHLU�LQWHUDFWLRQ�>�@�7KH�VWUXFWXUH�UHRUJDQL]DWLRQ�RI�ORFDO�GR �PDLQV� DQG� GHIHFW� VWDWH� FKDQJHV� RI� FU\VWDO �OLQH� PDWHULDOV� PD\� EH� DFFRPSDQLHG� E\� DVSRQWDQHRXV� FKDRWLF� DFRXVWLF� HPLVVLRQ� �$(�RI� WKH� PDWHULDOV� >���@�� ,Q� VLQJOH� FU\VWDOVXQGHU� XOWUDVRQLF� ILHOG�� WKLV� HPLVVLRQ� LV� UH �ODWHG� WR� VLPXOWDQHRXV� IL[DWLRQ� DQG� EUHDN �LQJ�RII� RI� GLVORFDWLRQ� VHJPHQWV� RQ� VWRSSHUVXQGHU� WUDQVODWLRQV� RU� YLEUDWLRQV� >����@�� WKHQXPEHU�RI�VXFK�VHJPHQWV�EHLQJ�UDWKHU�ODUJH�XS�WR���� WR���� SHU�RQH�$(�SXOVH�>�@���7KHFKDRWLF� VWUXFWXUH� UHDUUDQJHPHQW� LQ� GLIIHU �HQW� ORFDO�GRPDLQV�DULVLQJ�WKHUHZLWK�DQG�DF �FRPSDQ\LQJ�WKH�GLVORFDWLRQ�PRWLRQ�PDNHV�LWWRR�FRPSOLFDWH�WR�FRQVLGHU�WKH�ZDYH�SURFHVVHV

DQG� UHTXLUHV� WR� HPSOR\� VXSHU�LQWULFDWH� QRQ �OLQHDU�DSSUR[LPDWLRQV�LQ�ZDYH�HTXDWLRQV�>�@�7KH�QRQOLQHDU�LQWHUDFWLRQ�RI�ODUJH�DPSOL �WXGH� 86:� LQ� FU\VWDOV� DFFRPSDQLHG� E\FKDQJHV� LQ�SK\VLFDO�SDUDPHWHUV�RI�WKH�VROLGLV� DOVR� DPRQJ� GHYLDWLRQV� IURP� OLQHDU� HTXD �WLRQV�RI�WKH�FU\VWDO�VWDWH�DQG�UHVXOWV�LQ�JHQ �HUDWLRQ� RI� KDUPRQLFV� RU� RQVHW� RI� FRPELQD �WLRQ� IUHTXHQFLHV� >�@�� 8QGHU� FHUWDLQ� FRQGL �WLRQV�� ERWK� SURFHVVHV�� WKDW� LV�� WKH� FKDRWLFVWUXFWXUH� UHDUUDQJHPHQW� DQG� WKH� QRQOLQHDULQWHUDFWLRQ��PD\� WDNH�SODFH�VLPXOWDQHRXVO\�7KH�DSSHDUDQFH�RI�GRPDLQV�ZKHUH�WKH�VWUXF �WXUH� LV� FKDQJHG� DQG� WKH� HODVWLF� SURSHUWLHVDUH� WLPH�GHSHQGHQW� PXVW� UHVXOW� LQ� D� QRQ�PRQRWRQRXV� FKDQJHV� �WLPH�GHSHQGHQW� �IOXF �WXDWLRQV���DQG�VXEVHTXHQW�UHOD[DWLRQ�RI��UGRUGHU� HODVWLF�PRGXOHV�� WKH� UHODWLYH� FKDQJHVLWV� LQ� WKH� ODWWHU� FKDUDFWHUL]H� WKH� HIILFLHQF\FKDQJHV�RI�KDUPRQLF�JHQHUDWLRQ�DQG�FRPEL �QDWLRQ�IUHTXHQFLHV�RQVHW�,Q�WKLV�ZRUN��UHVXOWV�RI�ILUVW�GRQH�VLPXO �WDQHRXV� $(� UHFRUGLQJ� DQG� WKH� FRPELQDWLRQDJJUHJDWH�KDUPRQLF��FRQYROXWLRQ��8�I PHDV�XUHPHQWV� DUH� SUHVHQWHG� IRU� WZR� FROOLGLQJODUJH�DPSOLWXGH�86:� LQ� /L) VLQJOH� FU\VWDOVSUHOLPLQDU\� WUHDWHG� E\� KLJK�SRZHU� XOWUD �VRXQG� IRU� ORQJ� WLPH� WR� SURYLGH� D� QRQ�HTXL �OLEULXP�VWUXFWXUH�GHIHFWV�GLVWULEXWLRQ�LQ�WKHVDPSOH�

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

)XQFWLRQDO�PDWHULDOV������������� ���



7R� FUHDWH� FROOLQHDU� FRXQWHUFXUUHQW�XOWUD �VRQLF�ZDYHV�RI�����WR������0+]�UDQJH��SLH �]RHOHFWULF� FRQYHUWHUV� ZHUH� XVHG� ��� DQG� ��VHH� LQVHW� LQ�)LJ�����ZKHUH� WKH� HOHFWULF� YROW �DJH�8J  ����9� LV� LQ�SURSRUWLRQ� �ZLWKLQ� OLQ �HDU� DSSUR[LPDWLRQ�� WR� WKH� VWUDLQ� JHQHUDWHGWKHUHE\�6__ ≈ ���� �DYHUDJHG�RYHU� WKH�VDPSOHOHQJWK��� 7KH�$(�ZDV� UHFRUGHG� LQ� WKH���� WR���� N+]� UDQJH� XVLQJ� D� SLH]RHOHFWULFWUDQVGXFHU�����DQG�VSHFLDOL]HG�DFRXVWR�HPLV �VLRQ� LQVWUXPHQW� ZLWK� DGGLWLRQDO� UHMHFWLQJILOWHU� ���� WR� ILOWHU� WKH�86:� IUHTXHQFLHV��$SLH]RHOHFWULF� WUDQVGXFHU� ���� DQG� VSHFWUXPDQDO\]HU� &����� ZHUH� XVHG� WR� PHDVXUH� WKHPDLQ��8I��DQG�FRPELQHG��8�I��IUHTXHQFLHV�RIWKH� 86:� �VHH� )LJ������ 7KH� GHSHQGHQFH8′�I�8′I�8J��LV�D�WKH�WRWDO�FRQWULEXWLRQ�IURPQRQOLQHDULW\� RI� WKH� JHQHUDWRU� DQG� WKHWUDQVGXFHUV� ���� DQG� ����� 7KH� 8$( GHSHQG�HQFH� LV� WKH� YROWDJH� RI� FRQWLQXRXV� $(� WKDWDSSHDUHG�DV�JURXSV�RI�QRLVH�SXOVHV�ZLWK�VXE �VHTXHQW� WUDQVIRUPDWLRQ� LQWR� D� SVHXGR�RU �GHUHG�HPLVVLRQ��DV�LQ�>�@�7KH� OLQH� $�$′ LQ� )LJ���� VXEGLYLGHV� WKHUDQJH� RI� VWUDLQ� YDOXHV� JHQHUDWHG� LQ� WKH86:� ILHOG� LQWR� WKUHH� UHJLRQV� DV� ZHOO� DV� LWFRQILQHV�WKH�UHJLRQ�,,�ZKHUH�IDVW��XS�WR�VHY �HUDO� WLPHV� SHU� VHFRQG�� FKDQJHV� �E\� ��� WR��� ��� RI� 8�I�8I UDWLR� WRRN� SODFH� LQ� WKHFRXUVH� RI� $(�� )LJ���� SUHVHQWV� WKH� �ILQDO�8�I�8I YDOXHV� DIWHU� WKH� $(� LQWHQVLW\� ZDVGHFUHDVHG�VLJQLILFDQWO\�RU�LW�ZDV�RYHU�DW�DOO�

,Q� WKH� ,� DQG� ,,,� UHJLRQV�� WKH� 8�I�8I LQ�FUHDVHV�PRQRWRQRXVO\�DV�WKH�VWUDLQ�ULVHV�,Q� D� PHGLXP� UHPDLQLQJ� XQFKDQJHG� DV� D86:� LV� SURSDJDWHG� WKHUHLQ�� 7 a6 LQ� OLQHDUDSSUR[LPDWLRQ� IRU� UHODWLYHO\� VPDOO� VWUDLQV�7KH�HOHFWULF�YROWDJH�DPSOLWXGH�DW�FRQYHUWHUV����� ����� DQG� ���� LQ� QR�ORDG� RSHUDWLQJ�PRGHLV�SURSRUWLRQDO�WR�WKH�VWUDLQ��WRR��([SDQVLRQRI� 7LM�6NO�� IXQFWLRQ� LQ� VHULHV� VKRZV� VRPHGHYLDWLRQ�IURP�WKH�+RRN� ODZ�HYHQ�IRU�UHOD �WLYHO\�VPDOO�VWUDLQV�6NO DQG�6UT�
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+HUH�� WKH� FRHIILFLHQWV� ∂7LM�∂6NO DQG
∂�7LM�∂6NO∂6UT DUH� WKH� �QG� DQG� �UG� RUGHUHODVWLFLW\� PRGXOHV�� UHVSHFWLYHO\�� DQG� 7���LMDUH�UHVLGXDO� �HODVWLF�DQG� LQHODVWLF��PHFKDQL �FDO� VWUHVVHV� DVVRFLDWHG�ZLWK� WKH� LQVWDQWDQH �RXV�VWUXFWXUH�RI�GHIHFWV��ZKHUHDV�7���LM DQG
∂�7LM��∂6NO∂6UT⋅6NO⋅6UT DUH�]HUR� LQ� OLQHDU� DS�SUR[LPDWLRQ�� 7KH� FKDQJHV� RI� 7���LM DQG
∂7LM�∂6NO DUH� WDNHQ� LQWR� DFFRXQW� ZKHQ� GH �VFULELQJ� VRPH� LQHODVWLF� HIIHFWV�� VXFK� DV� LQ �WHUQDO� IULFWLRQ�� ZKLOH� WKH� FKDQJH� RI� 7���LMWKHPVHOYHV� �FKDQJHV� LQ� ORFDO� PHFKDQLFDOVWUHVVHV�� PDQLIHVWV� LWVHOI� DV� WKH� PDWHULDODFRXVWLF� HPLVVLRQ�� 7KH� PHDVXUHPHQW� RI
∂�7LM��∂6NO∂6UT DV�D�IXQFWLRQ�RI�7LM�6NO��DP�SOLWXGH�LV�UDWKHU�FRPSOLFDWH�GXH� WR�WKH�VHF �RQG� LWHP� LQ� ���� H[FHHGV� WKH� WKLUG� RQH� FRQ �VLGHUDEO\��,Q�WKH�VDPH�WLPH�JHQHUDWLRQ�RI�DVWUDLQ� LQ� WKH� ILHOG� RI� WZR� FROOLGLQJ� 86:PDNHV�LW�SRVVLEOH�WR�HYDOXDWH�WKH�FKDQJHV�LQ
∂�7LM�� ∂6NO∂6UT E\� PHDVXULQJ� GLUHFWO\� WKHUHODWLYH�FKDQJHV�LQ�WKH�LQWHUDFWLRQ��FRQYROX �WLRQ��HIILFLHQF\�,Q�WKH�FDVH�RI� ∂�7LM��∂6NO∂6UT  �FRQVW WKHGHSHQGHQFH� 8�I�8I�6�� VKRXOG� EH� D� VTXDUH�ODZ�RQH��W\SLFDO�RI�D�FU\VWDO�ZLWK�XQFKDQJ �LQJ� GHIHFW� VWUXFWXUH�� WKDW� LV�� 8�I ≈ γ7LM� RU8�I ≈ δ6NO� ��ZKHUH�γ DQG�δ DUH�SURSRUWLRQDOLW\IDFWRUV��,Q�)LJ����WKLV�LV�YDOLG�IRU�WKH�UHJLRQ�,�� RI� UHODWLYHO\� VPDOO� VWUDLQV� �FXUYH� ���� ,QWKH� UHJLRQ� ,,� WKH� 8�I�8I�6__�� GHSHQGHQFH� LVVHHQ� WR� GHYLDWH� IURP� WKH� VTXDUH� ODZ�� 7KHUHOD[DWLRQ� RI� WKH� FU\VWDO� GHIHFW� VWUXFWXUHGXH�WR�SURSDJDWLRQ�RI�FROOLGLQJ�86:�UHVXOWVLQ�FRUUHODWLRQ�EHWZHHQ�WZR�W\SHV�RI�QRQ�VWD �WLRQDU\�IOXFWXDWLRQ�SURFHVVHV��7KH�ILUVW�W\SHRQHV� DUH� WKRVH� DVVRFLDWHG� ZLWK� EUHDNGRZQVRI�PHFKDQLFDO�VWUHVVHV��WKDW�LV��WLPH�GHSHQG �

)LJ����� 'HSHQGHQFHV� RI� FRQYROXWLRQ� DPSOL�WXGHV�DQG�$(�RQ�VWUDLQ�JHQHUDWHG�E\�D�86:RI� ���� 0+]� IUHTXHQF\�� ��� 8�I�8I�8J��� ��8′�I�8′I�8J������8$(�8J������DSSUR[LPDWLRQ�RI8�I�8I�8J��XVLQJ�GDWD�RI�WKH�UHJLRQ�,�����DS�SUR[LPDWLRQ� RI�8�I�8I�8J�� XQGHU� HOLPLQDWLRQRI�WKH�UHJLRQ�,,�GDWD�
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HQW� FKDQJHV� RI� ORFDO� 7���LM�� ILUVW� RI� DOO�� WKHWKUHVKROG�W\SH� $(� DSSHDUDQFH�� 7KH� VHFRQGW\SH� LQYROYHV� IOXFWXDWLQJ� FKDQJHV� RI� ORFDO�UG� RUGHU� HODVWLF� PRGXOHV� GHILQLQJ� WKH� LQ �WHUDFWLRQ� HIILFLHQF\� RI� FROOLGLQJ� 86:� UH �ODWHG�WR�LQHUWLD�RI�ORFDO�UHDUUDQJHPHQWV�7KH� WLPH�DYHUDJHG� LQWHUDFWLRQ� HIILFLHQF\LQ�WKH�UHJLRQ�,,�ORZHUHG�DV�FRPSDUHG�WR�WKHVTXDUH�ODZ�RQH�LV�DVVRFLDWHG�ZLWK�GHFUHDVLQJHIIHFWLYH� �UG� RUGHU� PRGXOHV� DQG� HYLGHQFHVWKH�IRUPDO�OLQHDUL]DWLRQ�RI�HODVWLF�SURSHUWLHVDW� VXEVWDQWLDOO\� QRQHTXLOLEULXP� GHIHFWVWUXFWXUH� VWDWH� �XQGHU� IL[DWLRQ� DQG� EUHDN �GRZQ� DQG� PRWLRQ� RI� GLVORFDWLRQV��� 7KHWKUHVKROG� $(� DSSHDUDQFH� LQ� WKH� UHJLRQ� ,,DQG� LWV� GHFUHDVH� DV� WKH� VWUDLQ� ULVHV� �86:DPSOLWXGH� JURZV�� PD\� HYLGHQFH� WKDW� WKHVWUDLQ� DPSOLWXGH� 6__ H[FHHGV� WKH� \LHOG� OLPLW
σ��� LQ� VRPH� ORFDO� GRPDLQV�� 6XFK� D� EHKDYLRURI� $(� LQWHQVLW\� ZLWKLQ� DQ� LQWHUYDO� EHWZHHQWKH�HODVWLF�OLPLW�σ( DQG�WKH�\LHOG�OLPLW�σ��� LVZHOO�NQRZQ�LQ�WKH�FDVH�RI�VWDWLF�VWUDLQV�>�@�6LQFH� WKH� VWUDLQ� FKDQJHV� LWV� VLJQ� DQGYDOXH� IDVW� HQRXJK� LQ� RXU� H[SHULPHQWV�� DQ�H[FLWHG�� VWDWH� RI� WKH� GHIHFW� VWUXFWXUH� >�@�DULVHV� DW� UDWKHU� ODUJH� 6__ �WKH� UHJLRQ� ,,,��� ,WWKLV� FDVH�� D� IUDFWLRQ� RI� GLVORFDWLRQV� KDV� QRWLPH� WR� EH� IL[HG� RQ� ZHDN� VWRSSHUV� GXULQJWKH� 86:� KDOI�SHULRG� DQG� PDNH� IDVW� YLEUD �WLRQV� DERXW� WKH� SUHYLRXV� HTXLOLEULXP� SRVL �WLRQ� GXH� WR� DOWHUQDWLQJ� PHFKDQLFDO� VWUDLQVJHQHUDWHG� E\�86:�� 6LQFH� WKHUH� LV� QR� IL[D �

WLRQ�DQG�EUHDNGRZQ�DW�WKH�VWRSSHU��WKHUH�LVQR�$(�WRR��,Q�WKLV�FDVH�WKH�GHIHFW�VWUXFWXUHFKDQJHV� RFFXU� GXULQJ� D� WLPH� RI� DERXW� RQH86:� SHULRG� RU� HYHQ� OHVV�� 7KH� WUDGLWLRQDOTXDVL�VWDWLF�DSSUR[LPDWLRQV�IRU��QG�DQG��UGRUGHU�HODVWLF�PRGXOHV�VHHP�WR�EHFRPH�LQFRU �UHFW� LQ� FRQVLGHUDWLRQ� RI�ZDYH�SURFHVVHV��$WWKH� VDPH� WLPH� WKH� FRQFHSW� RI� HIIHFWLYH��QGDQG��UG�RUGHU�HODVWLF�PRGXOHV�FDQ� OLNHO\�EHXVHG�� WKLV� LV� HYLGHQFHG� E\� WKH� VTXDUH�ODZFKDUDFWHU� RI� 8�I�8I�6__�� GHSHQGHQFH� LQ� WKHUHJLRQ�,,,��)LJ�����FXUYH����5HIHUHQFHV���9�,�7URIHHY�� 9�)�0RLVHHY�� (�3�3HFKNRYVN\� HWDO���6WUDLQ�+DUGHQLQJ�DQG�)DLOXUH�RI�3RO\FU\V�WDOOLQH�0HWDOV��1DXNRYD�'XPND��.LHY� ������>LQ�5XVVLDQ@����9�$�*UHVKQLNRY��<X�%�'URERW��$FRXVWLF�(PLV�VLRQ��$SSOLFDWLRQ� RQ�0DWHULDO�DQG�:RUNSLHFH7HVWV��6WDQGDUW�3XEO���0RVFRZ��������>LQ�5XV�VLDQ@����9�$�.DOLWHQNR�� ,�<D�.XFKHURY�� 9�0�3HUJD�)L]��7YHUG��7HOD���������������������2�9�/\DVKHQNR�� ,]Y��*RPHOVNRJR� *RV��8QLY��1R������������������9�'�1DWVLN�� .�$�&KLVKNR�� $NXVWLFK��=K��� �����������������/�.�=DUHPER�� 9�,�7LPRVKHQNR�� 1RQOLQHDU$FRXVWLFV�� 0*8� 3XEO��� 0RVFRZ� ������� >LQ5XVVLDQ@�
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