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6OLND����/LQHDUL]RYDQL�JUDILN]DYLVQRVWL�YUHPHQD�EHNVWYDRG�MDaLQH�SHUWXUEDFLMH�]DKDPLOWRQLMDQ����XHNVSRQHQFLMDOQRP�UHCLPX�
)LJXUH����/LQHDUL]HG�GHSHQGHQFH�RI�WKHHVFDSH�WLPH�XSRQ�WKHSHUWXUEDWLRQ�VWUHQJWK�IRU+DPLOWRQLDQ�1R����¬�WKHH[SRQHQWLDO�UHJLPH�

6OLND����*UDILN�]DYLVQRVWL�YUHPHQD�EHNVWYDRG�MDaLQH�SHUWXUEDFLMH�]DKDPLOWRQLMDQ����X�ORJDULWDPVNRMVNDOL��-DVQR�MH�YLGOMLYD�JUDQLFDL]PH_X�UHCLPD��SRaHWDN�OLQHDUQRJVNDOLUDQMD�QD�JUDILNX��
)LJXUH����'HSHQGHQFH�RI�WKH�HVFDSH�WLPHXSRQ�WKH�SHUWXUEDWLRQ�VWUHQJWK�LQORJDULWKPLF�VFDOH��IRU�+DPLOWRQLDQ1R�����7KH�FULWLFDO�FKDQJH�RI�WKHVFDOLQJ�LV�FOHDUO\�YLVLEOH��WKHEHJLQQLQJ�RI�WKH�OLQHDU�VFDOLQJ�RQWKH�ILJXUH��

6OLND����/LQHDUL]RYDQL�JUDILN]DYLVQRVWL�YUHPHQD�EHNVWYDRG�MDaLQH�SHUWXUEDFLMH�]DKDPLOWRQLMDQ����X�VWHSHQRPUHCLPX�
)LJXUH����/LQHDUL]HG�GHSHQGHQFH�RI�WKHHVFDSH�WLPH�XSRQ�WKHSHUWXUEDWLRQ�VWUHQJWK�IRU+DPLOWRQLDQ�1R����¬�WKHSRZHU�ODZ�UHJLPH�
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6OLND����=DYLVQRVW�YHURYDWQR`HEHNVWYD�RG�YUHPHQD�8RaOMLYR�MH�GD�YHURYDWQR`DRVWDMH�NRQVWDQWQD�X�GXJRPYUHPHQVNRP�LQWHUYDOX�¬KDPLOWRQLMDQ���
)LJXUH����7LPH�HYROXWLRQ�RI�WKH�HVFDSHSUREDELOLW\��,W�LV�FOHDUO\YLVLEOH�KRZ�WKH�HVFDSHSUREDELOLW\�UHPDLQVDSSUR[LPDWHO\�FRQVWDQW�RYHUD�ORQJ�LQWHUYDO�RI�WLPH�¬+DPLOWRQLDQ�1R����
6OLND����,VWD�]DYLVQRVW�NDR�QD�VOLFL���DOL�QD�ORJDULWDPVNRM�VNDOL�9LGH�VH��QDURaLWR�MDVQR�XNDVQLMHP�SHULRGX��SRSXODFLMH]D�NRMH�YHURYDWQR`D�UDVWH�SRVWHSHQRP�]DNRQX�
)LJXUH����7KH�VDPH�SORW�DV�LQ�)LJXUH��EXW�RQ�D�ORJDULWKPLF�VFDOH��,WFDQ�EH�QRWLFHG��HVSHFLDOO\�IRUWKH�ODWHU�WLPHV��KRZ�VRPHSRSXODWLRQV�RI�REMHFWVH[SHULHQFH�D�SRZHU�ODZLQFUHDVH�RI�SUREDELOLW\�
6OLND����=DYLVQRVW�EU]LQH�EHNVWYD�RGYUHPHQD�QDVHPLORJDULWDPVNRM�VNDOL��]DKDPLOWRQLMDQ����=DYLVQRVW�MHNRQ]LVWHQWQD�VDSUHWSRVWDYNRP�RHNVSRQHQFLMDOQRP�RSDGDQMX�
)LJXUH����7LPH�HYROXWLRQ�RI�WKH�HVFDSHUDWH�RQ�D�VHPLORJDULWKPLFVFDOH��IRU�+DPLOWRQLDQ�1R����7KH�SORW�LV�FRQVLVWHQW�ZLWKWKH�K\SRWKHVLV�RI�H[SRQHQWLDOGHFUHDVH�
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6OLND����'LVSHU]LMD�DQVDPEOD�X]DYLVQRVWL�RG�YUHPHQD�XHNVSRQHQFLMDOQRP�UHCLPX��1HSRVWRML�XRaOMLY�WUHQG�UDVWD�¬KDPLOWRQLMDQ�EURM���
)LJXUH����7LPH�HYROXWLRQ�RI�WKHGLVSHUVLRQ�RI�REMHFWV�LQ�WKHHQVHPEOH�LQ�WKH�H[SRQHQWLDOUHJLPH��7KHUH�LV�QR�DSSDUHQWLQFUHDVH�¬�+DPLOWRQLDQ�1R����

6OLND����'LVSHU]LMD�DQVDPEOD�X�]DYLVQRVWLRG�YUHPHQD�X�VWHSHQRP�UHCLPX�5DVW�MH�XRaOMLY��2EUDWLWL�SDCQMXQD�SRYH`DQMH�VNDOH�QD�RUGLQDWL]D�FHR�UHG�YHOLaLQH�X�RGQRVX�QDVOLNX���
)LJXUH����7LPH�HYROXWLRQ�RI�WKHGLVSHUVLRQ�RI�REMHFWV�LQ�WKHHQVHPEOH�LQ�WKH�SRZHU�ODZUHJLPH��$Q�LQFUHDVH�LV�FOHDUO\YLVLEOH��$OVR�QRWLFH�DQ�RUGHU�RIPDJQLWXGH�FKDQJH�RI�VFDOH�RQWKH�RUGLQDWH�D[LV��LQ�FRPSDULVRQZLWK�)LJXUH���
6OLND����7LSLaQD�WUDMHNWRULMD�X�ID]QRPSURVWRUX��X�HNVSRQHQFLMDOQRPUHCLPX��9LGOMLYD�MH�VORCHQD�IUDNWDOQD�VWUXNWXUD�¬KDPLOWRQLMDQ�EURM���
)LJXUH����$�W\SLFDO�WUDMHFWRU\�LQ�WKHSKDVH�VSDFH�LQ�WKHH[SRQHQWLDO�UHJLPH��$FRPSOLFDWHG��IUDFWDO�VWUXFWXUHLV�FOHDUO\�YLVLEOH�¬+DPLOWRQLDQ�1R����
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5H]XOWDWL�QXPHULaNLK�WHVWRYD�UHODFLMD�VNDOLUDQMD�YUHPHQD�EHNVWYD�L/MDSXQRYOMHYLK�YUHPHQD�GDWL�VX�X�WDEHOL����(NVSRQHQWL�VX��X�VNODGX�VD�RaH�NLYDQMLPD��XQLYHU]DOQL�]D�GDWL�VLVWHP��VD�L]X]HWNRP�QHNLK�SRVHEQR�QHVWD�ELOQLK�UH]RQDQFL�QLVNRJ�UHGD��0H_XWLP��SRMDYOMXMH�VH�NUDWDN�PH_XUHCLP�NRML�QLMH�PRJDR�ELWL�RSLVDQ�WHRULMVNLP�PRGHORP�1D�VOLNDPD���L���GDWL�VX�WLSLaQL�L]JOHGL�JUDILND�]D�HNVSRQHQFLMDOQL�LVWHSHQL�UHCLP��*UDILFL�VX�OLQHDUL]RYDQL��UDGL�ODN^H�SURFHQH�VODJDQMD�VD�WHR�ULMVNL�SUHGYL_HQRP�UHODFLMRP��3ULND]DQL�VX�L�ILWRYL�GRELMHQL�PHWRGRP�QDM�PDQMLK�NYDGUDWD�1D�VOLFL���GDW�MH�SULND]�FHORJ�LQWHUYDOD�YUHGQRVWL�X�ORJDULWDPVNRM�VNDOL�1D�VOLNDPD���L���GDWD�MH�HYROXFLMD�YHURYDWQR`H�VD�YUHPHQRP��1D�SUYRM�VOLFLYLGL�VH�GD��VD�L]X]HWNRP�SUYLK�EHNVWDYD��YHURYDWQR`D�L]YHVQR�YUHPH�LPD�SUL�EOLCQR�NRQVWDQWQX�YUHGQRVW��'UXJD�VOLND�GDMH�LVWX�]DYLVQRVW�X�ORJDULWDPVNRMVNDOL��UDGL�EROMHJ�VDJOHGDYDQMD�VWHSHQRJ�UDVWD�]D�PDQMH�SRSXODFLMH��1D�VOLFL��YLGL�VH�SULEOLCQR�HNVSRQHQFLMDOQR�RSDGDQMH�EU]LQH�EHNVWYD�(YROXFLMD�GLVSHU]LMH�VD�YUHPHQRP�GDWD�MH�QD�VOLNDPD���L����QD�NUDMXHNVSRQHQFLMDOQRJ�L�QD�SRaHWNX�VWHSHQRJ�UHCLPD��6DVYLP�UD]OLaLWR�SRQD^DQMHXND]XMH�GD�VH�RYDM�UH]XOWDW�PRCH�SULPHQLWL�]D�QXPHULaNR�RGUH_LYDQMH�UH�CLPD�X�NRPH�VH�VLVWHP�QDOD]L�.RQDaQR��ELOR�MH�LQWHUHVDQWQR�SURXaLWL�L�NDUDNWHULVWLNH�WUDMHNWRULMD�XSURVWRUX�GHMVWYD�X�]DYLVQRVWL�RG�MDaLQH�SHUWXUEDFLMH��3R�MHGDQ�SULPHU�]DVYDNL�UHCLP�GDW�MH�QD�VOLNDPD���L�����8�SUYRP�VOXaDMX��WUDMHNWRULMD�LPDIUDNWDOQH�RVRELQH��^WR�MH�L�SRWYU_HQR�UDaXQDQMHP�IUDNWDOQH�GLPHQ]LMH�G�≈��������D�^WR�VH�PRCH�SULSLVDWL�GRPLQDQWQRM�XOR]L�NDQWRUXVD��RVWUYD�VWD�ELOQRVWL�L�$UQROGRYH�PUHCH��]D�SULPHU�MH�X]HW�WURGLPHQ]LRQL�KDPLOWRQLMDQ��8�VWHSHQRP�UHCLPX�VDPRVOLaQD�VWUXNWXUD�MH�XQL^WHQD��D�WUDMHNWRULMD�]DKYDWD]QDWQR�YH`L�UHJLRQ�ID]QRJ�SURVWRUD�

6OLND�����7LSLaQD�WUDMHNWRULMD�XID]QRP�SURVWRUX��XVWHSHQRP�UHCLPX��]DLVWL�KDPLOWRQLMDQ�NDRQD�VOLFL����6WUXNWXUDYL^H�QLMH�IUDNWDOQD�
)LJXUH�����$�W\SLFDO�WUDMHFWRU\�LQWKH�SKDVH�VSDFH�LQWKH�SRZHU�ODZUHJLPH��IRU�WKH�VDPH+DPLOWRQLDQ�DV�LQ)LJXUH����7KHVWUXFWXUH�LV�QRW�IUDFWDODQ\PRUH�
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=DNOMXaDN
2SLVDQD�VX�SUHGYL_DQMD�YH]DQD�]D�VNDOLUDQMH�SDUDPHWDUD�WUDQVSRUWD�GRELMHQD�L]�QRYRJ�NLQHWLaNRJ�PRGHOD�WUDQVSRUWD�X�KDPLOWRQLMDQVNLPVLVWHPLPD��6X^WLQVNL�X]URN�QMLKRYRJ�SRVWRMDQMD�L�XQLYHU]DOQRVWL�MH�NRPSH�WLFLMD�UD]OLaLWLK�PHKDQL]DPD�WUDQVSRUWD��NRML�QD�JOREDOQRM�VNDOL�GRYRGH�GRXQLYHU]DOQLK�UH]XOWDWD��2EOLN�UHODFLMD�VNDOLUDQMD�QH�]DYLVL�QL�RG�EURMD�GL�PHQ]LMD��MHU�EURM�GLPHQ]LMD�NYDOLWDWLYQR�QH�PHQMD�NDUDNWHU�WUDQVSRUWD�5H]XOWDWL�YH]DQL�]D�VNDOLUDQMH�YUHPHQVNLK�VNDOD�EHNVWYD�EL�QDURaLWR�PRJOLLPDWL�^LURNX�SULPHQX�X�SURXaDYDQMX�VWDELOQRVWL�DVWHURLGQRJ�SRMDVD��NDR�LGUXJLK�VLVWHPD�X�GLQDPLaNRM�DVWURQRPLML��.RQVWDWRYDQR�MH�GREUR�VODJDQMHVD�QXPHULaNLP�VLPXODFLMDPD��PDGD�VH�SRMHGLQL�SRVHEQR�QHVWDELOQL�UHJLRQLX�QMLK�QH�XNODSDMX�

/LWHUDWXUD
$IUDLPRYLFK�9���=DVODYVN\�*��0��������3K\V��5HY���(���������&KLULNRY�%��9��������3K\V��5HS���������'HQLVRY�6���.ODIWHU�-���8UEDNK�0��������3K\V��5HY���(�����������*X]]R�0���.QHCHYL`�=���0LODQL�$��������,FDUXV�����������+HUUFKHQ�0��3��������3K'�WKHVLV��(7+��=XHULFK�.DQGUXS�+��(���6LRSLV�&���&RQWRSRXORV�*���'YRUDN��5��������&KDRV���������.DQGUXS�+��(���6LGHULV�,��9��������3K\V��5HY���(���������0DF.D\�5��6���0HLVV�-��'���3HUFLYDO�,��&��������3K\VLFD��'������0RUELGHOOL�$���)URHVFKOH�&��������&H0'$���������0RUELGHOOL�$���*LRUJLOOL�$��������3K\VLFD��'��������0RUELGHOOL�$���9HUJDVVROD�0��������-��6WDW��3K\V�����������0XULVRQ�0���/HFDU�0���)UDQNOLQ�)��������$-������������0XULVRQ�0���/HFDU�0���)UDQNOLQ�)��������$-������������7]HQRY�6��������DU;LY��SK\VLFV���������9DUYRJOLV�+���$QDVWDVLDGLV�$��������$-������������=DVODYVN\�*��0������D��3K\V��5HS������������=DVODYVN\�*��0������E��3K\VLFD��'�����������
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0LKDLOR�AXEURYL`8QLYHUVDOLW\�DQG�6FDOLQJ�RI�&KDRWLF�7UDQVSRUW�LQ�3HUWXUEHG+DPLOWRQLDQ�6\VWHPV��.LQHWLF�0RGHO�DQG�1XPHULFDO6LPXODWLRQV$�QHZ�NLQHWLF�PRGHO�RI�WUDQVSRUW�LQ�SHUWXUEHG�DXWRQRPRXV�+DPLOWR �QLDQ�V\VWHPV�LV�GHVFULEHG��7KH�VWDUWLQJ�SRLQWV�IRU�WKH�FRQVWUXFWLRQ�RI�NL �QHWLF�HTXDWLRQV�DUH�WKH�WRSRORJ\�DQG�JHRPHWU\�RI�WKH�SKDVH�VSDFH�DVGHVFULEHG�E\�WKH�.$0�WKHRU\��$�SDUWLFXODU�JHQHUDOL]DWLRQ�RI�WKH�)RNNHU�3ODQFN�GLIIXVLRQ�HTXDWLRQ�LV�XVHG��WKH�IUDFWLRQDO�NLQHWLF�HTXDWLRQ��ZKLFK�DO �ORZV�WKH�YDOXHV�RI�WKH�WUDQVSRUW�H[SRQHQWV�WR�EH�QRQ�LQWHJHU��WKXV�PDNLQJLW�SRVVLEOH�WR�NLQHWLFDOO\�GHVFULEH�WKH�WUDQVSRUW�LQ�FRPSOLFDWHG��VHOI�VLPLODUDQG�RFFDVLRQDOO\�YHU\�QRQ�XQLIRUP�VWUXFWXUHV�RI�WKH�SKDVH�VSDFH��7KH�FRQ �FHSW�RI�EXLOGLQJ�EORFNV�LV�LQWURGXFHG��LQ�ZKLFK�D�NLQHWLF�HTXDWLRQ�LV�FRQ �VWUXFWHG�IRU�HDFK�RI�WKH�IRXU�UHOHYDQW�PHFKDQLVPV�RI�WUDQVSRUW��UHVRQDQWVWRFKDVWLF�OD\HUV��FDQWRUL��KLHUDUFKLHV�RI�VWDELOLW\�LVODQGV�DQG�$UQROG�ZHE�WKH�ODVW�RQH�EHLQJ�UHOHYDQW�RQO\�IRU�V\VWHPV�ZLWK�WKUHH�RU�PRUH�GHJUHHVRI�IUHHGRP���$IWHU�VROYLQJ�WKH�NLQHWLF�HTXDWLRQV�IRU�HDFK�RI�WKH�EXLOGLQJEORFNV��FRQYROXWLRQ�RYHU�DOO�SRVVLEOH�FRPELQDWLRQV�RI�WKH�EORFNV�LQ�D�JLYHQV\VWHP�LV�SHUIRUPHG�LQ�RUGHU�WR�REWDLQ�WKH�DV\PSWRWLF�H[SUHVVLRQV�IRU�WKHPRPHQWD�RI�WKH�DFWLRQV�)URP�WKHVH�UHVXOWV��VFDOLQJ�UHODWLRQV�IRU�VRPH�WUDQVSRUW�SDUDPHWHUV�DUHGHULYHG��7KH�UHODWLRQV�DUH�H[SHFWHG�WR�EH�XQLYHUVDO�LQ�WKH�SKDVH�VSDFH�RID�JLYHQ�+DPLOWRQLDQ��EXW�QR�XQLYHUVDOLW\�VKRXOG�EH�H[SHFWHG�DPRQJ�GLIIHU �HQW�+DPLOWRQLDQV��7KH�FHQWUDO�VFDOLQJ�UHVXOW�LV�WKDW�WKH�GHSHQGHQFH�RI�WKHHVFDSH�WLPH�RQ�WKH�SHUWXUEDWLRQ�VWUHQJWK��D�SRVLWLYH�QRQ�GLPHQVLRQDO�SD �UDPHWHU��DULVHV�LQ�WZR�GLIIHUHQW�IRUPV��WKH�H[SRQHQWLDO�ODZ��IRU�ZHDNHUSHUWXUEDWLRQV��DQG�WKH�SRZHU�ODZ��IRU�VWURQJHU�SHUWXUEDWLRQV���7KH�UHJLPHVRI�VFDOLQJ�DUH�VHSDUDWHG�E\�D�FULWLFDO�YDOXH�RI�WKH�SHUWXUEDWLRQ�VWUHQJWK��7KHSRZHU�ODZ�VFDOLQJ�RI�WKH�/\DSXQRY�H[SRQHQW�ZLWK�WKH�SHUWXUEDWLRQ�VWUHQ �JWK�LV�DOVR�SUHGLFWHG��$V�IRU�WKH�HVFDSH�SUREDELOLW\��RQH�FDQ�H[SHFW�DQ�DS �SUR[LPDWHO\�FRQVWDQW�YDOXH�RYHU�D�ORQJ�WLPH�LQWHUYDO��ZKLFK�JLYHV�ULVH�WRWKH�H[SRQHQWLDO�GHFUHDVH�RI�WKH�HVFDSH�UDWH�)LQDOO\��VRPH�QXPHULFDO�VLPXODWLRQV�ZHUH�SHUIRUPHG�LQ�RUGHU�WR�FKHFNWKH�SUHGLFWHG�VFDOLQJ�ODZV��)RU�GLIIHUHQW�LQLWLDO�FRQGLWLRQV��HQVHPEOHV�RIREMHFWV�ZHUH�LQWHJUDWHG�IRU�QLQH�GLIIHUHQW�+DPLOWRQLDQV��$�QHDW�VFDOLQJ�EH �KDYLRU�LV��LQGHHG��IRXQG�LQ�PRVW�FDVHV��)RU�WKH�HVFDSH�WLPHV�WKH�WZR�UH �JLPHV�RI�VFDOLQJ�DUH�DOVR�GHWHFWHG�EXW�WKH\�DUH�XVXDOO\�VHSDUDWHG�E\�D�VKRUWLQWHUPHGLDWH�UHJLPH��LQ�ZKLFK�QR�VFDOLQJ�ZDV�GHWHFWHG�
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