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��� ,1752'8&7,21�� 7KH�HIIHFW�RI�H[FKDQJH�UDWH�YRODWLOLW\�RQ�LQWHUQDWLRQDO�WUDGH�LV�D�YHU\�SRSXODU� WRSLF�RI� UHVHDUFK� LQ� LQWHUQDWLRQDO�HFRQRPLFV��*DJQRQ��������FODLPV�WKDW� UHVROXWLRQ� RI� � WKLV� LVVXH� KDV� REYLRXV� LPSOLFDWLRQV� IRU� WKH� FKRLFH� RI� DQ�LQWHUQDWLRQDO� PRQHWDU\� V\VWHP�� ,I� IOXFWXDWLRQV� LQ� H[FKDQJH� UDWHV� XQGHU� WKH�IORDWLQJ�H[FKDQJH�UHJLPH�KDYH�GHSUHVVHG� WKH� OHYHO�RI� WUDGH�DQG�UHGXFHG� WKH�ZHOIDUH��WKHUH�ZRXOG�EH�D�VWURQJ�FDVH�IRU�D�UHWXUQ�WR�IL[HG�H[FKDQJH�UDWHV��� +LJKHU� YRODWLOLW\� RI� H[FKDQJH� UDWHV� KDV� EHHQ� ZLWQHVVHG� VLQFH� WKH�DGRSWLRQ�IORDWLQJ�UHJLPH�LQ�������([FKDQJH�UDWH�YRODWLOLW\��RU�PRUH�SUHFLVHO\��XQH[SHFWHG�H[FKDQJH�UDWH�PRYHPHQWV��UHSUHVHQWV�D�VRXUFH�RI�ULVN��,W�LV�DUJXHG�WKDW� H[FKDQJH� UDWH� ULVN� ZLOO� OHDG� WR� D� ORZHU� OHYHO� RI� WUDGH� DVVXPLQJ� WKDW�WUDGHUV� DUH� ULVN� DYHUVH�� 7KLV� LV� EHFDXVH� PRVW� WUDGH� FRQWUDFWV� DUH� QRW� IRU�LPPHGLDWH�GHOLYHU\�RI�JRRGV��DQG�VLQFH�WKH\�DUH�GHQRPLQDWHG�LQ�WHUPV�RI�WKH�FXUUHQF\�RI�HLWKHU� WKH�LPSRUWHU�RU� WKH�H[SRUWHU��XQDQWLFLSDWHG�IOXFWXDWLRQV�LQ�WKH� H[FKDQJH� UDWH� DIIHFW� UHDOL]HG� SURILWV� DQG� WKH� YROXPH� RI� WUDGH�� ,Q� RWKHU�ZRUGV��LI�ILUPV�DUH�ULVN�DYHUVH��WKH\�ZRXOG�SUHVXPDEO\�WHQG�WR�IDYRU�ORZ�ULVN�DFWLYLWLHV�DQG�DYRLG�KLJK�ULVN�RQHV��$FFRUGLQJO\�� LI�H[FKDQJH�ULVN� LQFUHDVHV��VRPH� PDUJLQDO� ILUPV� ZRXOG� JLYH� XS� H[SRUWLQJ� RU� LPSRUWLQJ� HQWLUHO\�� DQG�RWKHUV�LQ�WKHVH�DFWLYLWLHV�WR�FRQFHQWUDWH�RQ�GRPHVWLF�VDOHV��WKHUHE\�FDXVLQJ�WKH�WRWDO� YROXPH� RI� LQWHUQDWLRQDO� WUDGH� WR� GHFOLQH�� 2Q� WKH� RWKHU� KDQG�� LW� LV�LPSOLFLWO\� DVVXPHG� WKDW� IRUZDUG� H[FKDQJH� PDUNHWV� FDQ� KHOS� WUDGHUV� WR�HOLPLQDWH�WKLV�W\SH�RI�YDULDWLRQV�LQ�SURILWV�GXH�WR�H[FKDQJH�UDWH�ULVN��%XW�WKH�SUREOHP�ZLWK�IRUZDUG�H[FKDQJH�UDWH�LV�WKDW�WKH�PDMRULW\�RI�FXUUHQFLHV�DUH�QRW�IXOO\�FRQYHUWLEOH��� ,Q�WKLV�SDSHU��H[SRUWV�IURP�+RQJ�.RQJ��6LQJDSRUH��DQG�.RUHD�WR�WKH�8QLWHG�6WDWHV�IURP������WR������DUH�H[DPLQHG�XVLQJ�PRQWKO\�GDWD�WR�WHVW�WKH�HIIHFW� RI� H[FKDQJH� UDWH� YRODWLOLW\� RQ� ELODWHUDO� WUDGH�� *HQHUDOL]HG�$XWRUHJUHVVLYH� &RQGLWLRQDO� +HWHURVNHGDVWLFLW\� �*$5&+�� PRGHO� LV� XVHG� WR�REWDLQ�D�PHDVXUH�IRU�WKH�H[FKDQJH�UDWH�YRODWLOLW\��� 7KH� UHPDLQGHU� RI� WKH� DUWLFOH� LV� RUJDQL]HG� DV� IROORZV�� ,Q� WKH� QH[W�VHFWLRQ�� WKH� SUHYLRXV� HPSLULFDO� VWXGLHV� DUH� UHYLHZHG�� 6HFWLRQ� �� GLVFXVVHV�VWDWLVWLFDO�PHDVXUHV� IRU� YRODWLOLW\� DQG�$5&+� W\SH�PRGHOV�� ,Q� VHFWLRQ� ��� WKH�HFRQRPHWULF�PRGHO�LV�SUHVHQWHG��,Q�WKH�ILQDO�VHFWLRQ�HVWLPDWLRQ�UHVXOWV�DQG�D�EULHI�FRQFOXVLRQ�LV�SURYLGHG��� ��� /,7(5$785(�5(9,(:��7KH�HPSLULFDO�HYLGHQFH�UHJDUGLQJ�WKH�HIIHFW�RI�H[FKDQJH�UDWH�ULVN�RQ�WUDGH�KDV�DW�EHVW�EHHQ�LQFRQFOXVLYH��6RPH�RI��WKH�HPSLULFDO�VWXGLHV�DUH�XQDEOH�WR�HVWDEOLVK�D�V\VWHPDWLFDOO\�VLJQLILFDQW�OLQN�EHWZHHQ�H[FKDQJH�UDWH�YRODWLOLW\�DQG�LQWHUQDWLRQDO�WUDGH��� ,0)�������FDVW�GRXEW�RQ�WKH�H[LVWHQFH�RI�D�VWURQJ�FDXVDO�OLQN��HLWKHU�GLUHFW� RU� LQGLUHFW�� EHWZHHQ� H[FKDQJH� UDWH� YRODWLOLW\� DQG� LQWHUQDWLRQDO� WUDGH��7KH�VWXG\�DIILUPV� WKDW�XQFHUWDLQW\� WHQGV� WR� LQKLELW�HFRQRPLF�DFWLYLW\��%XW� LW�ILQGV� QR� HYLGHQFH� WKDW� H[FKDQJH� UDWH� YRODWLOLW\� SOD\V� D� VLJQLILFDQW� UROH� LQ�UHGXFLQJ�WUDGH�YROXPH��
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%DLOH\� HW�DO�� ������� SUHVHQWV� HYLGHQFH� RQ� WKH� GHWHUPLQDQWV� RI� UHDO�H[SRUWV� RI� WKH�*��� FRXQWULHV�� ,Q� WKLV� VWXG\�� DEVROXWH�YDOXH�RI� WKH�TXDUWHU� WR�TXDUWHU�SHUFHQWDJH�FKDQJH�LQ�WKH�QRPLQDO�HIIHFWLYH�H[FKDQJH�UDWH�LV�FKRVHQ�DV�H[FKDQJH�UDWH�YRODWLOLW\��7KH�UHVXOWV�LQGLFDWHV�WKDW�WKHUH�LV�D�SRVLWLYH�HIIHFW�RI�H[FKDQJH�UDWH�YDULDELOLW\�RQ�WUDGH��� +RRSHU� DQG� .RKOKDJHQ� ������� FRQVWUXFWV� D� WKHRUHWLFDO� PRGHO� IRU�DQDO\]LQJ�WKH�LPSDFW�RI�H[FKDQJH�ULVN�RQ�WUDGH�SULFHV�DQG�YROXPHV��7KH\�WHVW�LW� HPSLULFDOO\� IRU� YDULRXV�8�6�� DQG�*HUPDQ� WUDGH� IORZ� IURP� ����� WR� ������7KH\�XVH�DOWHUQDWLYH�ULVN�SUR[LHV�DQG�DOWHUQDWLYH�IXQFWLRQDO�IRUPV��7KH\�ILQG�D VLJQLILFDQWO\�QHJDWLYH�LPSDFW�RQ�WKH�PDUNHW�SULFHV��+RZHYHU�� WKH\�ILQG�QR�HIIHFW�RI�H[FKDQJH�UDWH�YRODWLOLW\�RQ�WKH�YROXPH�RI�WUDGH��� .RUD\� DQG� /DVSDUWHV� ������� FKDUDFWHUL]H� WKH� G\QDPLF� UHODWLRQVKLS�EHWZHHQ� ELOHDWHUDO� WUDGH� IORZV� DQG� H[FKDQJH� UDWH� YRODWLOLW\� IRU� WKH� 8QLWHG�6WDWHV�XVLQJ�9HFWRU�$XWRUHJUHVVLYH�PRGHOV��9$5���7KH\�FRQFOXGH�WKDW�WKHUH�LV�D�ZHDN�UHODWLRQVKLS�EHWZHHQ�H[FKDQJH�UDWH�YRODWLOLW\�DQG�WUDGH��� 2Q�WKH�RWKHU�KDQG��.HQHQ�DQG�5RGULN���������7KXUVE\�DQG�7KXUVE\��������� 3R]R� ��������&DSRUDOH� DQG�'RURRGLDQ� �������� DQG�6WRNPDQ� �������ILQG�QHJDWLYH�UHODWLRQVKLS�EHWZHHQ�H[FKDQJH�UDWH�YRODWLOLW\�DQG�LQWHUQDWLRQDO�WUDGH��� .HQHQ�DQG�5RGULN�H[DPLQHV�VKRUW�WHUP�YRODWLOLW\�LQ�WKH�UHDO�HIIHFWLYH�H[FKDQJH� UDWHV�RI� LQGXVWULDO�FRXQWULHV�DQG� LWV� LPSDFW�RQ� WKHLU� LPSRUWV��7KH\�ILQG�WKDW�WKH�YRODWLOLW\�RI�UHDO�H[FKDQJH�UDWHV�GRHV�DSSHDU�WR�KDYH�D�GHSUHVVLQJ�HIIHFW�RQ�WKH�YROXPH�RI�LQWHUQDWLRQDO�WUDGH��� 7KXUVE\� DQG� 7KXUVE\� PRGHO� ELODWHUDO� H[SRUW� DPRQJ� VHYHQWHHQ�LQGXVWULDO�FRXQWULHV��)RU�WHQ�RI�WKHP��H[FKDQJH�UDWH�YRODWLOLW\�KDV�D�VLJQLILFDQW�QHJDWLYH� HIIHFW� RQ� H[SRUWV�� IRU� WKH� UHVW�� WKH� HIIHFW� LV� QHJDWLYH� EXW� QRW�VWDWLVWLFDOO\�VLJQLILFDQW��� 3R]R� H[DPLQHV� %ULWLVK� H[SRUW� WR� WKH� 8QLWHG� 6WDWHV� IURP� ����� WR�������6KH�LQFOXGHV�GXPP\�YDULDEOH�LQWR�H[SRUW�HTXDWLRQ�LQ�RUGHU�WR�FDSWXUH�WKH� HIIHFW� RI� GLIIHUHQW� H[FKDQJH� UDWH� UHJLPHV� LQ� WKH� VWXG\� SHULRG�� 6KH� XVHV�*$5&+� VSHFLILFDWLRQ� WR� PHDVXUH� H[FKDQJH� UDWH� YRODWLOLW\�� 3R]R¶V� ILQGLQJV�VXSSRUW�WKH�K\SRWKHVLV�WKDW�H[FKDQJH�UDWH�YRODWLOLW\�KDV�D�GHSUHVVLQJ�HIIHFW�RQ�WKH�YROXPH�RI�WUDGH��� &DSRUDOH� DQG� 'RURRGLDQ� H[WHQG� 3R]R¶V� DQDO\VLV�� 7KH\� DOVR� XVH�*$5&+� VSHFLILFDWLRQ� WR� REWDLQ�PHDVXUH� RI� H[FKDQJH� UDWH� YRODWLOLW\�� 8VLQJ�PRQWKO\�GDWD�IURP�WKH�EHJLQQLQJ�RI�WKH������WWR�WKH�HQG�RI�WKH�������WKH\�WHVW�ZKHWKHU�RU�QRW�H[FKDQJH�UDWH�YRODWLOLW\�KDV�DQ�DGYHUVH�HIIHFW�RQ�WKH�YDOXH�RI�WKH�8QLWHG�6WDWH� LPSRUWV� IURP�&DQDGD��6LPLODU� WR� WKH�3R]R¶V� ILQGLQJV�� WKH\�FRQFOXGH�WKDW�WKH�HIIHFW�LV�QHJDWLYH�DQG�VLJQLILFDQW�GXULQJ�WKH�VWXG\�SHULRG���� 6WRNPDQ� WHVWV� WKH� HIIHFW� RI� H[FKDQJH� UDWH� ULVN� RQ� LQWUD�(XURSHDQ�&RPPXQLW\� WUDGH�� +H� XVHV� D� IRUPXOD� WKDW� LV� GHYHORSHG� E\� (XURSHDQ�&RPPLVVLRQ� WR� PHDVXUH� H[FKDQJH� UDWH� YRODWLOLW\�� 7KH� UHVXOWV� VKRZ� WKDW�LQWUDD�(&�WUDGH�KDV�VXEVWDQWLDOO\�EHQHILWHG�IURP�WKH�GLPLQLVKHG�H[FKDQJH�UDWH�ULVN��� ,W�LV�DOVR�LQWHUHVWLQJ�WR�QRWH�WKDW�'HOODV�DQG�=LOEHUIRUG��������VKRZ�WKDW� D� SRVLWLYH� HIIHFW� RI� H[FKDQJH� UDWH� YRODWLOLW\� RQ� WUDGH� KDV� D� WKHRUHWLFDO�EDVLV�� 7KH\� FODLP� WKDW� WKHUH� FDQ� EH� QR� WKHRUHWLFDO� SUHVXPSWLRQ� WKDW� DQ�LQFUHDVH� LQ� H[FKDQJH� UDWH� YRODWLOLW\�ZLOO� HIIHFW� WKH� ELODWHUDO� WUDGH� DGYHUVHO\��
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7KH\�FRQFOXGH�WKDW�WKH�HIIHFW�RI�H[FKDQJH�UDWH�YRODWLOLW\�GHSHQGV�RQ�WKH�ULVN�DYHUVLRQ�SDUDPHWHU�RI�WKH�PRGHO��� ��� (;&+$1*(�5$7(�92/$7,/,7<�� ,Q� WKH� OLWHUDWXUH�� WKH�ZRUOG�YRODWLOLW\� WDNHV�D�YHU\�VSHFLILF�PHDQLQJ��³9RODWLOLW\�LV�WKH�GD\�WR�GD\��PRQWK�WR�PRQWK�YDULDELOLW\�RI�H[FKDQJH�UDWHV��D�YDULDELOLW\�WKDW�PD\�KDYH�QR�WUHQG�WR�LW´��0DUVWRQ�HW�DO��������SS������,Q�RWKHU�ZRUGV� YRODWLOLW\� LV� D� KLJK� IUHTXHQF\� FRQFHSW� UHIHUULQJ� WR�PRYHPHQWV� LQ� WKH�H[FKDQJH� UDWH� RYHU� UHODWLYHO\� VKRUW� SHULRGV� RI� WLPH�� %XW� LW� LV� QRW� RQO\�FRPSRQHQW�RI� WKH�YDULDELOLW\��7KHUH� LV� DOVR�DQRWKHU� FRPSRQHQW�RI� H[FKDQJH�UDWH�YDULDELOLW\�ZKLFK�LV�FDOOHG�PLVDOLJQPHQW��0LVDOLJQPHQW�UHIHUV�WR�ORQJHU�ODVWLQJ� PRYHPHQWV� RI� H[FKDQJH� UDWHV�� :LOOLDPVRQ� ������� GHILQHV�PLVDOLJQPHQW�DV�D�SHUVLVWHQW�GHSDUWXUH�RI�WKH�H[FKDQJH�UDWH�IURP�LWV�ORQJ�UXQ�HTXLOLEULXP�� 0LVDOLJQPHQW� UHIHUV� WR� WKH� FDSDFLW\� IRU� DQ� H[FKDQJH� UDWH� WR�GHSDUW� IURP� LWV� IXQGDPHQWDOV� RYHU� D� ORQJHU� SHULRG� RI� WLPH�� 'LVWLQFWLRQ�EHWZHHQ�YRODWLOLW\� DQG�PLVDOLJQPHQW� LV� LPSRUWDQW� EHFDXVH� WKHUH� LV� HYLGHQFH�WKDW� WKH�PRYHPHQWV�LQ�H[FKDQJH�UDWH�UHIOHFWHG�LQ� WKH�YRODWLOLW\�PHDVXUHV�DUH�XQDQWLFLSDWHG��6R�� WUDGLQJ� ILUPV�PXVW�FRSH�ZLWK�XQFHUWDLQW\�DERXW�H[FKDQJH�UDWHV��7KDW�PHDQV�LQWHUQDWLRQDO�WUDGH�LV�DIIHFWHG�E\�WKLV�NLQG�RI�YDULDELOLW\��,Q�FRQWUDVW�WR�H[FKDQJH�UDWH�YRODWLOLW\��PLVDOLJQPHQWV�DUH�PRVWO\�DQWLFLSDWHG�DQG�WKH\� XQGHUPLQH� HFRQRPLF� SHUIRUPDQFH� LQ� VHYHUDO� GLPHQVLRQV�� 7KH\� PD\�JHQHUDWH� DGMXVWPHQW� FRVW�� UHFHVVLRQ�� GHLQGXVWULDOL]DWLRQ�� LQIODWLRQ� DQG�SURWHFWLRQLVP��,Q�WKLV�SDSHU��ZH�DUH�RQO\�FRQFHUQHG�ZLWK�WKH�LPSDFW�RI�KLJK�IUHTXHQF\�PRYHPHQWV�RI�H[FKDQJH�UDWH��YRODWLOLW\��RQ�ELODWHUDO�WUDGH��� 6LQFH� ������ FROODSVLQJ� IL[HG� SDULW\� V\VWHP�� %UHWWRQ�:RRGV�� DQG�PRYLQJ�WR�IOH[LEOH�H[FKDQJH�UDWHV��WKH�QDWXUH�RI�H[FKDQJH�UDWH�YDULDELOLW\�KDV�FKDQJHG�FRQVLGHUDEO\��7KHUH�LV�VWURQJ�HYLGHQFH�WKDW�YRODWLOLW\�LV�PXFK�JUHDWHU�XQGHU�IOH[LEOH�UDWHV�WKDQ�XQGHU�IL[HG�UDWHV�UHJLPHV��%HIRUH�WKH�FROODSVH�RI�WKH�%UHWWRQ�:RRGV� V\VWHP�� H[FKDQJH� UDWHV� ZHUH� IL[HG� DW� DQ� RIILFLDO� UDWH� DQG�DGMXVWPHQW� WRRN� WKH� IRUP� RI� LQIUHTXHQW� GLVFUHWH� MXPSV� LQ� WKH� OHYHO� RI�H[FKDQJH� UDWHV��$IWHU� ������ H[FKDQJH� UDWHV�ZHUH� DOORZHG� WR� DGMXVW�PRUH�RU�OHVV� FRQWLQXRXVO\� LQ� UHVSRQVH� WR� PDUNHW� IRUFHV�� 7KHUH� ZDV� ZLGHVSUHDG�VXUSULVH�LQ�WKH�HDUO\�\HDUV�RI�IORDWLQJ�DW�WKH�VL]H�RI�WKH�VKRUW�WHUP�IOXFWXDWLRQV�LQ�H[FKDQJH�UDWHV��EXW�WKHUH�ZHUH�H[SHFWHG�WR�GLPLQLVK�DV�PDUNHWV�OHDUQHG�WR�FRSH� ZLWK� UDSLG� FKDQJLQJ� LQ� PDUNHW� FRQGLWLRQV�� %XW� YRODWLOLW\� KDV� QRW�GLPLQLVKHG��.HQHQ�DQG�5RGULN����������� 9DULRXV� VWDWLVWLFDO� PHDVXUHV� RI� YRODWLOLW\� KDYH� EHHQ� XVHG� LQ� WKH�OLWHUDWXUH��7KHVH�PHDVXUHV� DUH� VWDQGDUG� GHYLDWLRQ�� GHYLDWLRQ� IURP� WUHQG�� WKH�GLIIHUHQFH� EHWZHHQ� SUHYLRXV� IRUZDUG� DQG� FXUUHQW� VSRW� UDWHV�� *LQL� PHDQ�GLIIHUHQFH� FRHIILFLHQW�� DQG� VFDOH�PHDVXUH� RI� YDULDELOLW\�� +RZHYHU�� WKHVH� DOO�PHDVXUHV�KDYH�WKHLU�NQRZQ�VKRUWFRPLQJV��,QVWHDG�RI�XVLQJ�DERYH�PHDVXUHV�RI�YRODWLOLW\�� $XWRUHJUHVVLYH� &RQGLWLRQDO� +HWHURVNHGDVWLFLW\� �$5&+� �� W\SH� RI�PRGHOV�KDYH�RIWHQ�EHHQ�XVHG�LQ�WKH�OLWHUDWXUH�ODWHO\��� $5&+� PRGHO� ILUVW� LQWURGXFHG� E\� (QJOH� �������� /DWHU�� GLIIHUHQW�H[WHQVLRQV� RI� WKH� PRGHO� VXFK� DV� *HQHUDOL]HG� $5&+�� )$&725� $5&+��*$5&+�0�� ,QWHJUDWHG� *$5&+� HWF��� DUH� LQWURGXFHG�� $OWKRXJK� (QJOH� ZDV�PDLQO\�FRQFHUQHG�ZLWK�LQIODWLRQ��WKHVH�NLQG�RI�PRGHOV�DUH�DOVR�RIWHQ�XVHG�LQ�
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WKH� ILQDQFH� OLWHUDWXUH�� $5&+� W\SH� PRGHOV� KDYH� EHHQ� YHU\� SRSXODU� DV� D�PHDVXUH�WR�FDSWXUH�WKH�FKDQJHV�LQ�YDULDQFH�LQ�ILQDQFLDO�WLPH�VHULHV��� $5&+� W\SH� PRGHOV� DUH� QRQ�OLQHDU� DQG� QRQ�JDXVVLDQ� PRGHOV�� $QRQ�OLQHDU�WLPH�VHULHV�PRGHO�LV�EDVLFDOO\�RQH�LQ�ZKLFK�DQ�REVHUYDWLRQ�FDQ�QRW�EH�H[SUHVVHG�DV�D�OLQHDU�FRPELQDWLRQ�RI�FXUUHQW�DQG�SDVW�YDOXHV�RI�D�VHULHV�RI�LQGHSHQGHQW� UDQGRP� YDULDEOHV�� 0RVW� WLPH� VHULHV� PRGHOV� DUH� EDVHG� RQ� WKH�DVVXPSWLRQ�RI�QRUPDOLW\��0RGHOV� IRU�QRQ�*DXVVLDQ�REVHUYDWLRQV�DUH�XVXDOO\�QRQ�QRUPDO�� (VWLPDWLRQ� RI� WKHVH� NLQG� RI� PRGHOV� DUH� TXLWH� FRPSOH[� DQG�UHTXLUHV�PRUH�FRPSXWHU�LQWHQVLYH�WHFKQLTXHV��� 2QH�RI�WKH�PRVW�SRSXODU�$5&+�W\SH�PRGHO�LV�*$5&+�PRGHOV�DQG�GHYHORSHG�E\�%ROOHUVOHY���������7KH�G\QDPLF�SURSHUWLHV�RI�*$5&+�PRGHOV�ZLWK� UHVSHFW� WR� YDULDQFH� DUH� SDUDOOHO� WR� $5,0$� PRGHOV�� $OWKRXJK� $5&+�PRGHO� MXVW� DOORZV� IRU� PRYLQJ� DYHUDJH� FRPSRQHQW� LQ� WKH� KHWRUHVNHGDVWLF�YDULDQFH�� �*$5&+�SURFHGXUH�DOORZV� UHVHDUFKHU� WR�FDSWXUH� WKH� WLPH�YDU\LQJ�FRQGLWLRQDO� YDULDQFH� DV� D� SDUDPHWHU� JHQHUDWHG� IURP� D� WLPH� VHULHV�PRGHO� RI�WKHQ�H[FKDQJH�UDWH��$SSOLFDWLRQ�RI�*$5&+�PRGHO�WR�FDSWXUH�WKH�FRQGLWLRQDO�YDULDQFH� RI� UHDO� H[FKDQJH� UDWHV� LV� SDUWLFXODUO\� LQWHUHVWLQJ� IRU� WKH� IOH[LEOH�H[FKDQJH� UDWH�SHULRG��6LQFH� WKH�SRVW�%UHWWRQ�:RRG�HUD�KDV�JHQHUDWHG�PRUH�YRODWLOH�UHDO�H[FKDQJH�UDWHV�WKDQ�WKH�IL[HG�H[FKDQJH�UHJLPH�� �,Q� WKLV� SDSHU� *$5&+� ������ VSHFLILFDWLRQ� LV� XVHG� WR� PHDVXUH�H[FKDQJH� UDWH� YRODWLOLW\�� *$5&+������ VSHFLILFDWLRQ� FDQ� EH� ZULWWHQ� DV�IROORZV���
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�ZKHUH�<W LV�WKH�YDULDEOH�XQGHU�LQYHVWLJDWLRQ�DQG�<W���LV�WKH�ODJJHG�YDOXH�RI�<W�D ¶V�� J ¶V�DQG� � E ¶V�DUH�SRSXODWLRQ�SDUDPHWHUV� WR�EH�HVWLPDWHG�� WH LV�UHDO�
YDOXHG�GLVFUHWH�WLPH�VWRFKDVWLF�SURFHVV�� �W\ � LV�WKH�LQIRUPDWLRQ�VHW�DYDLODEOH�
DW� WLPH� W���� DQG� WK LV� WKH� FRQGLWLRQDO� YDULDQFH� �LQ� FRQWUDVW� WR� $5&+�
VSHFLILFDWLRQ�� LQFOXVLRQ� RI� WKH� ODJJHG� FRQGLWLRQDO� YDULDQFH� LQWR� WKH� PRGHO�
PDNHV� WKLV�VSHFLILFDWLRQ�*$5&+���7KH�IROORZLQJ�UHVWULFWLRQV�RQ� E ¶V�PXVW�
EH�KROG��

� � ��� �� �DQGE E E! t t

� )RU�PRUH�GHWDLOHG�H[SODQDWLRQ�VHH�+DUYH\��$���HG����7LPH�6HULHV��7KH�,QWHUQDWLRQDO�/LEUDU\�RI�&ULWLFDO�:ULWLQJV�LQ�(FRQRPHWULFV���
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,Q�DGGLWLRQ�WR�WKHVH�UHVWULFWLRQV�%ROOHUVOHY��������VKRZ�WKDW�*$5&+�������LV�VWDWLRQDU\�LI�DQG�RQO\�LI�WKH�IROORZLQJ�UHVWULFWLRQ�KROG���
� � �E E� �

,Q� RWKHU�ZRUGV�� WKH� SURFHVV� LV� QRW� VWDWLRQDU\� LI� WKH� VXP�RI� WKH� FRHIILFLHQWV��H[FOXGLQJ� FRQVWDQW� WHUP�� LQ� WKH� YDULDQFH� HTXDWLRQ� LV� HTXDO� RU� JUHDWHU� WKDQ�XQLW\�� �$IWHU�HVWLPDWLQJ�WKH�*$5&+�PRGHO�SUHVHQWHG�LQ�(TXDWLRQV���DQG���� � ZH� FDQ� WHVW� IRU� WKH� $5&+� HIIHFW� XVLQJ� /DJUDQJH� PXOWLSOLHU� WHVW� E\�HVWLPDWLQJ�WKH�IROORZLQJ�HTXDWLRQ���
� � �E E� �

7KH� DSSURSULDWH� WHVW� VWDWLVWLF� LV� GLVWULEXWHG� &KL�VTXDUHG� ZLWK� S�GHJUHHV�RI�IUHHGRP����
���(&2120(75,&�02'(/��([SRUW�IURP�+RQJ�.RQJ��.RUHD��DQG�6LQJDSRUH�WR�WKH�8QLWHG�6WDWHV�IURP��������WR��������DUH�H[DPLQHG�WR�GHWHUPLQH�WKH�HIIHFW�RI�H[FKDQJH�UDWH�YRODWLOLW\� RQ� WKH� YROXPH� RI� ELODWHUDO� WUDGH�� )ROORZLQJ� 3R]R� �������� LW� LV�DVVXPHG� WKDW� EDVLF� GHWHUPLQDQWV� RI� YROXPH�RI� H[SRUW� IURP� HDFK� FRXQWU\� WR�WKH�8�6���LQ�UHDO�WHUPV��DUH�8�6��LQGXVWULDO�SURGXFWLRQ�LQGH[���H[FKDQJH�UDWHV��DQG�D�PHDVXUH�RI�H[FKDQJH� UDWH�YRODWLOLW\�� ,Q�PDWKHPDWLFDO� IRUP�PRGHO�FDQ�EH�H[SUHVVHG�DV��

� � � �L L L L L5(;3 865,3 5(5 9(5E E E E [ � � � � ����
�ZKHUH�5(;3�LV�WKH�YROXPH�RI�H[SRUW�LQ�UHDO�WHUPV�DQG�REWDLQHG�E\�GHIODWLQJ�WKH�H[SRUWV�E\�HDFK�FRXQWU\¶V�ZKROHVDOH�SULFH� LQGH[��865,3�LV� WKH� LQGH[�RI�8�6��UHDO�LQGXVWULDO�SURGXFWLRQ��5(5�LV�UHDO�H[FKDQJH�UDWH�� 9(5�LV�H[FKDQJH�UDWH� YRODWLOLW\� DQG� REWDLQHG� E\� WDNLQJ� WKH� VTXDUH� URRW� RI� WKH� FRQGLWLRQDO�
KHWHURVNHGDVWLF�YDULDQFH��KW��IURP�*$5&+������VSHFLILFDWLRQ�� [ LV�WKH�HUURU�
WHUP��GLVWULEXWHG�LGHQWLFDOO\�DQG�LQGHSHQGHQWO\���� %HIRUH�HVWLPDWLQJ�WKH�(TXDWLRQ��� ��ZH�ILQG� WKH�EHVW� ILWWLQJ�$5,0$��S�G�T�� PRGHO�IRU�HDFK�FRXQWU\¶V�UHDO�H[FKDQJH�UDWHV��$IWHU�ILQGLQJ�WKH�EHVW�
�� 5(5�LV�REWDLQHG�IRU�HDFK�FRXQWU\�E\�WKH�IROORZLQJ�IRUPXOD��5(5 �(5:3,���:3,86��ZKHUH�:3,�LV�ZKROHVDOH�SULFH�LQGH[��� ,Q�$5,0$�S�G�T��QRWDWLRQ�S�DQG�T�VWDQG�IRU�WKH�GHJUHH�RI�DXWRUHJUHVVLYH�DQG�PRYLQJ�DYHUDJH�WHUPV��UHVSHFWLYHO\�DQG�G�VWDQGV�IRU�WKH�WLPHV�RI�WKH�GLIIHUHQFHV�RI�YDULDEOH�WDNHQ�WR�REWDLQ�VWDWLRQDU\�YDULDEOH��)RU�H[DPSOH��LI�
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ILWWLQJ� $5,0$� SURFHVVHV�� (TXDWLRQV� �� DQG� �� DUH� HVWLPDWHG� WR� REWDLQ� WKH�FRQGLWLRQDO� YDULDQFHV�� $V� PHQWLRQHG� EHIRUH�� ZH� REWDLQ� D� PHDVXUH� IRU�H[FKDQJH�UDWH�YRODWLOLW\�XVLQJ� WKHVH�FRQGLWLRQDO�YDULDQFHV��$IWHU� WKHVH�VWHSV��H[SRUW� GHPDQG� IXQFWLRQV� IRU� HDFK� FRXQWU\� LQ� (TXDWLRQ� �� DUH� HVWLPDWHG� E\�OHDVW� VTXDUH� HVWLPDWLRQ� PHWKRG� �/6(��� 7KH� UHVXOWV� DUH� SUHVHQWHG� LQ� WKH�IROORZLQJ�VHFWLRQ��� ���5(68/76�� 6LQFH�WKH�OHYHO�YDULDEOHV�DUH�IRXQG�WR�EH�QRQ�VWDWLRQDU\��ZH�WDNH�ILUVW�GLIIHUHQFHV� RI� WKH� YDULDEOH� 5(5� IRU� HDFK� FRXQWU\�� $IWHU� WDNLQJ� WKH� ILUVW�GLIIHUHQFHV�� YDULDEOHV� EHFRPH� VWDWLRQDU\�� 6LQFH� ILUVW� GLIIHUHQFHV� DUH�VWDWLRQDU\��G�HTXDOV���IRU�WKH�HDFK�FRXQWU\��S�DQG�T�YDOXHV�FDQ�EH�IRXQG�DIWHU�HVWLPDWLQJ�WKH�(TXDWLRQV���DQG�����7KH�UHVXOWV�IURP�WKH�(TXDWLRQV�����DQG�����DUH� SUHVHQWHG� LQ� 7DEOH� �� DQG� 7DEOH� ��� ,Q� (TXDWLRQ� ��� WKH� QXPEHU� RI�DXWRUHJUHVVLYH�WHUPV�DUH���IRU�6LQJDSRUH����IRU�+RQJ.RQJ�DQG���IRU�.RUHD��$QG� WKH� QXPEHU� RI� PRYLQJ� DYHUDJH� WHUPV� DUH� ��� �� DQG� �� IRUQ� 6LQJDSRUH��+RQJ�.RQJ�DQG�.RUHD��UHVSHFWLYHO\��7KHVH�YDOXHV�GHWHUPLQH�WKH�EHVW�ILWWLQJ�$5,0$�PRGHO��6R��EHVW�ILWWLQJ�SURFHVVHV�DUH�$5,0$���������$5,0$��������DQG�$5,0$�������� IRU� 6LQJDSRUH��+RQJ�.RQJ� DQG�.RUHD�� UHVSHFWLYHO\��$V�FDQ� EH� VHHQ� IURP� WKH� 7DEOH� ��� WKH� ILQGLQJV� UHYHDO� DQ� $5&+� HIIHFW� LQ� WKH�H[FKDQJH�UDWH�PRGHOV��$IWHU� ILQGLQJ� WKH� EHVW� ILWWLQJ� $5,0$� PRGHO�� ZH� GHULYH� WKH�FRQGLWLRQDO�YDULDQFHV�WR�XVH�DV�YDULDEOH�LQ�(TXDWLRQ����7KHQ�VTXDUH�URRW�RI�WKH�FRQGLWLRQDO� YDULDQFHV� DUH� XVHG� DV� WKH� YDULDEOH� 9(5� LQ� (TXDWLRQ� ��� 7KH�HVWLPDWLRQ�UHVXOWV�RI�WKH�H[SRUW�GHPDQG�IXQFWLRQV�DUH�SUHVHQWHG�LQ�WKH�7DEOH���� $V� FDQ� EH� H[SHFWHG�� WKH� FRHIILFLHQWV� RI� WKH� YDULDEOH� 86,3� DUH�SRVLWLYH�DQG�VWDWLVWLFDOO\�VLJQLILFDQW�IRU�DOO�FDVHV��,W�PHDQV�WKDW�DQ�LQFUHDVH�LQ�LQGXVWULDO�SURGXFWLRQ�RI�8�6�� LQFUHDVHV� WKH�H[SRUW� WR� WKH�8�6��6LPLODU� WR� WKH�86,3�� WKH� FRHIILFLHQWV� RI� 5(5� DUH� DOVR� SRVLWLYH�� $Q� LQFUHDVH� LQ� 5(5�LQFUHDVHV� WKH� YROXPH� RI� H[SRUW�� %HFDXVH� 5(5� LV� GHILQHG� DV� D� GRPHVWLF�FXUUHQF\�YDOXH�RI���8�6��GROODU��DQ�LQFUHDVH�LQ�5(5�PHDQV�DSSUHFLDWLRQ�RI�WKH�8�6��GROODU���

G R�WKHQ�WKH�OHYHO�YDULDEOH�LV�VWDWLRQDU\��,I�G ��WKHQ�WKH�YDULDEOH�LV�VDLG�WR�EH�LQWHJUDWHG�GHJUHH�RI���ZKLFK�PHDQV�WKH�YDULDEOH�EHFRPHV�VWDWLRQDU\�DIWHU�WDNLQJ�WKH�ILUVW�GLIIHUHQFH��)RU�PRUH�GHWDLOHG�H[SODQDWLRQ�VHH�+DUYH\���������
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7DEOH����(VWLPDWLRQ�5HVXOWV�RI��(TXDWLRQ���
� +21*�.21*� 6,1*$325(� .25($�
'5(5W��� �������������� ��������������� ���������������
'5(5W��� �� ��������������� ����������������
(W��� �����������(����� �������������� ����������������
(W��� ��� �������������� �������������
&RVWDQW� ����������������� ����������������� ����������������

7DEOH����(VWLPDWLRQ�5HVXOWV�RI�(TXDWLRQ���
� +21*�.21*� 6,1*$325(� .25($�
(�W��� �������������� ������������� �������������
+W��� ������������� �������������� �������������
&RQVWDQW� �������������� ������������� �������������
$5&+�7HVW� ������ ������ �������
7KH�YDOXHV�LQ�WKH�SDUHQWKHVLV�DUH�W�YDOXHV�� DQG��VWDQG�IRU�WKH�VLJQLILFDQFH�OHYHOV�DW����DQG�����UHVSHFWLYHO\���

7DEOH����(VWLPDWLRQ�5HVXOWV�RI�(TXDWLRQ���
� +21*�.21*� 6,1*$325(� .25($�
86,3� ����������� �������������� ��������������
5(;5� ������������� ������������� �������������
9(5� ������������� ��������������� ��������������
&RQVWDQW� ��������������� �������������� ����������������

���&21&/86,21��7KLV�VWXG\�VXSSRUWV�WKH�K\SRWKHVLV�WKDW�H[FKDQJH�UDWH�YRODWLOLW\�KDV�D�QHJDWLYH�HIIHFW�RQ�WKH�ELODWHUDO�WUDGH�IORZV��8VLQJ�PRQWKO\�GDWD�IURP������WR�������LW�LV�IRXQG�WKDW�WKHUH�LV�D�SRVLWLYH�UHODWLRQVKLS�EHWZHHQ�WKH�YROXPH�RI�WUDGH�DQG�
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WKH� LQGXVWULDO� SURGXFWLRQ� LQGH[��$� SRVLWLYH� UHODWLRQVKLS� DOVR� H[LVWV� EHWZHHQ�WKH�YROXPH�RI�WUDGH�DQG�UHDO�H[FKDQJH�UDWH��2Q�WKH�RWKHU�KDQG��DQ�LQFUHDVH�LQ�WKH�H[FKDQJH�UDWH�YRODWLOLW\�GHFUHDVHV�WKH�YROXPH�RI�WUDGH���5()(5(1&(6��$UL]H��$�&�����������³7KH�HIIHFWV�RI�H[FKDQJH�UDWH�YRODWLOLW\�RQ�86�H[SRUWV��DQ�HPSLULFDO�LQYHVWLJDWLRQ�´��6RXWKHUQ�(FRQRPLF�-RXUQDO�������±�����%DLOH\��0��-����7DYODV��*�6��DQG�8ODQ��0����������7KH�LPSDFW�RI�H[FKDQJH�UDWH�YRODWLOLW\�RQ�H[SRUW�JURZWK�´�-RXUQDO�RI�3ROLF\�0RGHOLQJ����SS�����������%ROOHUVOHY��7���������*HQHUDOL]HG�DXWRUHJUHVVLYH�FRQGLWLRQDO�KHWHURVNHGDVWLFLW\�´��-RXUQDO�RI�(FRQRPHWULFV������SS�����������&DSRUDOH��7��DQG�'RURRGLDQ��.���³([FKDQJH� UDWH�YDULDELOLW\�DQG� WKH� IORZ�RI�LQWHUQDWLRQDO�WUDGH�´��(FRQRPLFV�/HWWHUV������SS����������'HOODV��+DUULV�DQG�%HQ�=LRQ�=LOEHUIDUE��������³5HDO�([FKDQJH�5DWH�9RODWLOLW\�DQG�,QWHUQDWLRQDO�7UDGH��$�5HH[DPLQDWLRQ�RI�WKH�7KHRU\�´�6RXWKHUQ�(FRQRPLF�-RXUQDO��������������$SULO���(QJOH�� 5�)�� ������ ³$XWRUHJUHVVLYH� &RQGLWLRQDO� +HWHURVNHGDVWLFLW\� ZLWK�(VWLPDWHV�RI�WKH�9DULDQFH�RI�8.�,QIODWLRQ�´�(FRQRPHWULFD����������������*DJQRQ��-�(����������³([FKDQJH�UDWH�YDULDELOLW\�DQG�WKH�OHYHO�RI�LQWHUQDWLRQDO�WUDGH�´�-RXUQDO�RI�,QWHUQDWLRQDO�(FRQRPLFV������SS������������+RRSHU��3��DQG�.RKOKDJHQ��6�:����������³�7KH�HIIHFWV�RI�IORDWLQJ�H[FKDQJH�UDWHQ�XQFHUWDLQLW\�RQ�WKH�SULFHV�DQG�YROXPH�RI�LQWHUQDWLRQDO�WUDGH�´�-RXUQDO�RI�,QWHUQDWLRQDO�(FRQRPLFV�����SS�����������
.HQHQ��3��7���5RGULN��'����������³0HDVXULQJ�DQG�$QDO\]LQJ�WKH�(�HFWV�RI�6KRUW�WHUP�9RODWLOLW\�LQ�5HDO�([FKDQJH�5DWHV�´5HYLHZ�RI�(FRQRPLFV�DQG�6WDWLVWLFV�������SS����������.RUD\��)���/DVWUDSHV��:��'�����������³5HDO�([FKDQJH�5DWH�9RODWLOLW\�DQG�8�6��%LODWHUDO�7UDGH��$�9$5�$SSURDFK�´�5HYLHZ�RI�(FRQRPLFV�DQG�6WDWLVWLFV�������SS�����������3RVR�� 6�� �������� ³&RQGLWLRQDO� H[FKDQJH� UDWH� YDULDELOLW\� DQG� WKH� YROXPH� RI�LQWHUQDWLRQDO�WUDGH�HYLGHQFH�IURP�WKH�HDUO\�����V´�5HYLHZ�RI�(FRQRPLFV�DQG�6WDWLVWLFV�����SS�����������7KXUVE\��0�&�� DQG� 7KXUVE\�� -�*�� �������� %LODWHUDO� WUDGH� IORZV�� WKH� /LQGHU�K\SRWKHVLV��DQG�H[FKDQJH�UDWH�ULVN´�5HYLHZ�RI�(FRQRPLFV�DQG�6WDWLVWLFV�����SS����������


