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7KLV�SDSHU�XVHV�WKH�9$5�IUDPHZRUN�LQWURGXFHG�LQ�0F&DUWK\��������WR�LQYHVWLJDWH�WKH�
QDWXUH�DQG�H[WHQW�RI�SDVV�WKURXJK�WR�SULFHV�LQ�7XUNH\��)XUWKHUPRUH��7KUHVKROG�9$5��79$5��
PRGHOV�DUH�XVHG�WR�DVVHVV�WKH�SRVVLELOLW\�RI�DV\PPHWULHV�LQ�WKH�SDVV�WKURXJK��$QQXDO�FKDQJH�
LQ� WKH� LQGXVWULDO� SURGXFWLRQ� LQGH[�� H[FKDQJH� UDWH� DQG� LQIODWLRQ� DV�ZHOO� DV� GHYLDWLRQ� RI� WKH�
FKDQJH� LQ� DQQXDO� H[FKDQJH� UDWH� IURP� LWV� VDPSOH�PHDQ�DUH�XVHG�DV� WKUHVKROG�YDULDEOHV��7KH�
ODWWHU�YDULDEOH�LV�XVHG�WR�FDSWXUH�DV\PPHWULF�HIIHFWV�RI�VPDOO�YHUVXV�ELJ�FKDQJHV�LQ�H[FKDQJH�
UDWHV� RQ� WKH� H[WHQW� RI� SDVV� WKURXJK�� (VWLPDWLQJ� VHYHUDO� 79$5� PRGHOV� LPSO\� VLJQLILFDQW�
DV\PPHWULHV� LQ� WKH� UHODWLRQVKLS� EHWZHHQ� H[FKDQJH� UDWH� DQG� LQIODWLRQ� DV� PHDVXUHG� E\�
:KROHVDOH� DQG� &RQVXPHU� 3ULFH� ,QGLFHV�� 0RUH� VSHFLILFDOO\�� ZH� ILQG� WKDW� SDVV�WKURXJK� WR�
SULFHV� LV� ORZHU�GXULQJ�VLJQLILFDQW�HFRQRPLF�FRQWUDFWLRQV��SHULRGV�ZLWK�KLJKHU�H[FKDQJH�UDWH�
GHSUHFLDWLRQ�DQG�SHULRGV�ZLWK�ORZHU�LQIODWLRQ��(YLGHQFH�IRU�DV\PPHWULHV�WKDW�DULVH�IURP�WKH�
PDJQLWXGH�RI�WKH�FKDQJH�LQ�H[FKDQJH�UDWHV�LV�ZHDNHU�DQG�TXDQWLWDWLYHO\�QRW�YHU\�VLJQLILFDQW����
�
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.H\ZRUGV�� ([FKDQJH� 5DWH� 3DVV�7KURXJK�� $V\PPHWULHV�� 7KUHVKROG� 9HFWRU�$XWRUHJUHVVLRQV�
�79$5��
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�����/LWHUDWXUH�RQ�([FKDQJH�5DWH�3DVV�7KURXJK�

([FKDQJH� UDWH� SDVV�WKURXJK� WR� GRPHVWLF� LQIODWLRQ� FDQ� VLPSO\� EH� GHILQHG� DV� WKH�
SHUFHQWDJH� FKDQJH� LQ� GRPHVWLF� SULFH� OHYHOV� �DV�PHDVXUHG� E\� DQ� DSSURSULDWH� SULFH�
LQGH[��DULVLQJ�IURP�RQH�SHUFHQWDJH�FKDQJH�LQ�WKH�H[FKDQJH�UDWH��:KDW�LV�JHQHUDOO\�
XQGHUVWRRG�DV�H[FKDQJH�UDWH�SDVV�WKURXJK�LV�WKH�PHFKDQLVP�WKURXJK�ZKLFK�SULFHV�RI�
LPSRUWV�LQ�WKH�ORFDO�FXUUHQF\�FKDQJH�GXH�WR�H[FKDQJH�UDWH�IOXFWXDWLRQV��$�ULVH�LQ�WKH�
H[FKDQJH�UDWH��PHDQLQJ�D�GHSUHFLDWLRQ�RI�WKH�FXUUHQF\��LPSOLHV�WKDW�LPSRUWV�EHFRPH�
PRUH�H[SHQVLYH�DQG�RQH�ZRXOG�H[SHFW�WKH�SULFHV�WR�DGMXVW�WR�UHIOHFW�WKLV�FKDQJH��)RU�
VPDOO�RSHQ�HFRQRPLHV�SDVV�WKURXJK�WR�RWKHU�SULFHV�VXFK�DV�ZKROHVDOH�DQG�FRQVXPHU�
SULFHV� DUH� DOVR� SRWHQWLDOO\� LPSRUWDQW� VLQFH� D� FKDQJH� LQ� WKH� SULFHV� RI� LPSRUWV� ZLOO�
KDYH�D�GLUHFW�HIIHFW�LQ�WKH�GRPHVWLF�SULFH�LQGH[�LQ�SURSRUWLRQ�WR�WKH�VKDUH�RI�LPSRUWV�
LQ� WKH� LQGH[�� )XUWKHUPRUH�� FKDQJHV� LQ� LPSRUW� SULFHV� ZLOO� OHDG� WR� FKDQJHV� LQ� WKH�
SULFHV�RI�GRPHVWLFDOO\�SURGXFHG�JRRGV�WR�WKH�H[WHQW�WKDW�WKH\�FRQVWLWXWH�D�FKDQJH�LQ�
WKH� FRVWV� RI� GRPHVWLF� SURGXFHUV�� 7KLV�PHFKDQLVP� LV� HVSHFLDOO\� LPSRUWDQW� LQ� VPDOO�
RSHQ� HFRQRPLHV� ZKHUH� LPSRUWV� DUH� XVHG�PRUH� H[WHQVLYHO\� DV� LQWHUPHGLDWH� JRRGV��
$QRWKHU� PHFKDQLVP� WKDW� LV� LPSRUWDQW� IRU� VPDOO� RSHQ� HFRQRPLHV� ZLWK� KLJK� DQG�
SHUVLVWHQW� LQIODWLRQ� H[SHULHQFH� LV� WKH� �LQGH[DWLRQ�� PHFKDQLVP�� ,Q� FRXQWULHV� OLNH�
7XUNH\��FKDQJHV�LQ�WKH�H[FKDQJH�UDWH�LQIOXHQFH�H[SHFWDWLRQV�RI�IXWXUH�LQIODWLRQ�DQG�
RQH�REVHUYHV� D� FORVH� UHODWLRQVKLS�EHWZHHQ� H[FKDQJH� UDWHV� DQG� WKH�SULFHV�RI�JRRGV�
DQG�VHUYLFHV�WKDW�VKRXOG�QRW�QRUPDOO\�EH�DIIHFWHG�E\�FKDQJHV�LQ�H[FKDQJH�UDWHV���

7KHUH� DUH� D� QXPEHU� RI� VWXGLHV� WKDW� HVWLPDWH� WKH� SDVV�WKURXJK� WR� LPSRUW� DQG�
GRPHVWLF� SULFHV� LQ� YDULRXV� LQGXVWULDOL]HG� FRXQWULHV� VXFK� DV� 0F&DUWK\� ��������
%XUVWHLQ�� (LFKHQEDXP� DQG� 5HEHOR� �������� &DPSD� DQG� *ROGEHUJ� ������� DQG�
Carranza, Galdón�Sánchez and Gómez�%LVFDUUL� �������� $� FRQFOXVLRQ� FRPPRQ� WR�
PRVW� VXFK� VWXGLHV� LV� WKH� LQFRPSOHWHQHVV�RI� WKH�SDVV�WKURXJK��6HYHUDO� UHDVRQV�KDYH�
EHHQ� VXJJHVWHG� WR� H[SODLQ� WKLV� SKHQRPHQRQ�� 8VXDOO\� PRGHOV� IURP� LQGXVWULDO�
RUJDQL]DWLRQ�DUH�XVHG�WR�H[SODLQ�SULFLQJ�EHKDYLRU�LQ�WHUPV�RI�PDUNHW�FRQFHQWUDWLRQ��
SURGXFW�KRPRJHQHLW\�DQG�PDUNHW�VKDUHV�RI�GRPHVWLF�DQG�IRUHLJQ�ILUPV��'RUQEXVFK�
������� DQG�.UXJPDQ� ������� DUH� VRPH� RI� WKH� HDUO\� SDSHUV� WKDW� DGRSW� WKLV� NLQG� RI�
IUDPHZRUN� WR� LQYHVWLJDWH� WKH� UHODWLRQVKLS� EHWZHHQ� H[FKDQJH� UDWHV� DQG� SULFHV��
.UXJPDQ� ������� VXJJHVWV� WKDW� WKH� QRWLRQ� RI� �SULFLQJ�WR�PDUNHW�� FDQ� H[SODLQ� WKH�
OLWWOH�SDVV�WKURXJK�WR�SULFHV��7KH��SULFLQJ�WR�PDUNHW��SKHQRPHQRQ�LV�WKH�LGHD�WKDW�LQ�
LQWHUQDWLRQDO� PDUNHWV� ZLWK� LPSHUIHFW� FRPSHWLWLRQ�� IRUHLJQ� ILUPV� DGMXVW� WKHLU�
PDUNXSV�GLIIHUHQWO\� LQ�GLIIHUHQW�FRXQWULHV�DQG�PDUNHW�FRQGLWLRQV�DQG�IDLO� WR�UHIOHFW�
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WKH� FKDQJHV� LQ� H[FKDQJH� UDWHV� LQ� WKHLU�SULFHV�� �3ULFLQJ�WR�PDUNHW��EHKDYLRU�FDQ�EH�
JHQHUDWHG� E\� PRGHOV� ZLWK� VWLFN\� SULFHV� RU� ZDJHV�� PRGHOV� WKDW� LQFRUSRUDWH� IL[HG�
FRVWV�DVVRFLDWHG�ZLWK�DGMXVWLQJ�VXSSO\� LQ�UHVSRQVH�WR�SULFH�FKDQJHV�DQG�E\�PRGHOV�
ZKHUH� GHPDQG� GRHV� QRW� LPPHGLDWHO\� UHVSRQG� WR� FKDQJHV� LQ� SULFHV�� 7KH� H[WHQW� RI�
�SULFLQJ�WR�PDUNHW��GHSHQGV�RQ�KRZ�ORQJ�DJR�WKH�H[FKDQJH�UDWH�KDV�FKDQJHG��KRZ�
ORQJ� WKLV� FKDQJH� LV� H[SHFWHG� WR� ODVW� DQG� KHQFH� LQGLUHFWO\� RQ� WKH� YRODWLOLW\� DQG�
SHUVLVWHQFH� RI� WKH� H[FKDQJH� UDWH� DQG� LPSRUW� SULFH� VKRFNV�� $OO� RI� WKHVH� IDFWRUV�
GHWHUPLQH� ZKHWKHU� WKH� ILUPV� ZLOO� EDVH� WKHLU� SULFLQJ� GHFLVLRQV� RQ� ORQJ� WHUP� FRVWV�
YHUVXV�VKRUW�UXQ�IOXFWXDWLRQV� ¾ ��

$QRWKHU� H[SODQDWLRQ� IRU� WKH� ORZ� SDVV�WKURXJK� LV� VXJJHVWHG� LQ� %XUVWHLQ��
(LFKHQEDXP� DQG� 5HEHOR� ������� ZKHUH� WKH\� VWXG\� WKH� UHODWLRQVKLS� EHWZHHQ�
H[FKDQJH� UDWHV� DQG� SULFHV� LQ� VHYHUDO� FRXQWULHV� WKDW� KDYH� H[SHULHQFHG� ODUJH�
GHYDOXDWLRQV�� 7KH\� DUJXH� WKDW� ZKHQ� WKHUH� LV� D� GHSUHFLDWLRQ� WKH� LQFOLQDWLRQ� WR�
VXEVWLWXWH�IRU�WKH�FKHDSHU�GRPHVWLF�SURGXFWV��RU��IOLJKW�IURP�TXDOLW\���PLJKW�H[SODLQ�
WKH�LQFRPSOHWH�SDVV�WKURXJK��7KLV�LPSOLHV�DQ�DV\PPHWU\�LQ�WKH�ZD\�GLIIHUHQW�OHYHOV�
RI� GHSUHFLDWLRQ� DIIHFW� SDVV�WKURXJK��$QRWKHU� H[SODQDWLRQ� E\�7D\ORU� ������� UHODWHV�
WKH� LQIODWLRQDU\� HQYLURQPHQW� WR� WKH� OHYHO�RI�H[FKDQJH� UDWH�SDVV�WKURXJK��7KH�PDLQ�
LGHD� LV� WKDW� LQ� DQ� LQIODWLRQDU\� HQYLURQPHQW�� LQFUHDVHV� LQ� FRVWV� WHQG� WR� EH� PRUH�
SHUVLVWHQW�DQG�KHQFH�ILUPV�ZLOO�FKRRVH�WR�XSGDWH�WKHLU�SULFHV�LQ�UHVSRQVH�WR�D�FKDQJH�
LQ� WKH� H[FKDQJH� UDWH�ZKHUHDV� WKH� RSSRVLWH� LV� WUXH� LQ� D� ORZ� LQIODWLRQ� HQYLURQPHQW��
7KLV�LPSOLHV�WKDW�SROLFLHV�WKDW�WDUJHW�D�ORZ�LQIODWLRQ�UDWH�ZLOO�DOVR�UHGXFH�WKH�OHYHO�RI�
H[FKDQJH� UDWH� SDVV�WKURXJK��&KRXGKUL� DQG�+DNXUD� ������� WHVW� WKLV� K\SRWKHVLV� DQG�
ILQG� WKDW� WKHUH� LV�D�SRVLWLYH� UHODWLRQVKLS�EHWZHHQ� WKH�SDVV�WKURXJK�DQG� WKH�DYHUDJH�
LQIODWLRQ� UDWHV� DFURVV� FRXQWULHV� DQG� SHULRGV�� 2Q� WKH� RWKHU� KDQG�� &DPSD� DQG�
*ROGEHUJ� ������� ILQG� WKDW�PDFURHFRQRPLF� IDFWRUV� VXFK� DV� LQIODWLRQ� DQG� H[FKDQJH�
UDWH�YRODWLOLW\�FDQQRW�H[SODLQ�FKDQJHV� LQ� WKH�H[WHQW�RI�LPSRUW�SULFH�SDVV�WKURXJK�LQ�
WKHLU�FURVV�FRXQWU\�DQG�WLPH�VHULHV�DQDO\VLV�RI����2(&'�FRXQWULHV���

7KH�OLWHUDWXUH�RQ�DV\PPHWULHV�LQ�WKH�VWUXFWXUH�RI�WKH�HFRQRP\�LV�TXLWH�H[WHQVLYH ¿ ��
KRZHYHU�� DV\PPHWULHV� LQ� WKH� EHKDYLRU� RI� SULFHV� LQ� UHVSRQVH� WR� H[FKDQJH� UDWH�
FKDQJHV� LV� QRW� H[SORUHG� LQ� WRR� PXFK� GHWDLO� HVSHFLDOO\� DW� DQ� HPSLULFDO� EDVLV��
/HLGHUPDQ� DQG� %DU�2U� ������� H[SORUHV� WKH� DV\PPHWULHV� LQ� WKH� H[WHQW� RI� SDVV�
�����������������������������������������������������������À`Á G�GÃÂ`K�N O�c8G L e¸H S�OfÄ`S8G J J G LgÅ�Æ Ç�Ç ½�È [ K�LgH-L G Z8Q G MÉK�[�J E8GÃN Q J G L�H J I�L GÃK�SÊG Ë8X E�H S8e�G�Ì L�H J G-b�H�V�V�Ì J E�L K�I8e�EÊH S�Ob�L�Q X�Q S8e�J K�jPH L R8G J hÍ \]K�Z�G L�Å�Æ Ç�Ç�Î È G Ë8H jPQ S8G�V±H�V�d�jgj"G J L�Q X`G�[ [ G�X J V#K�[Fb8K�V�Q J Q Z�G�Z�G L�V�I�V�S8G�e�H J Q Z�G�j"K�S8G d	V�I�b�b8N d	V�E8K�X R�V h�U`H Z�S"H S�OÁ K�N H)Å�Æ Ç�Ç�Ï È [ Q S�O�V]G Z8Q O�G S�X�G6[ K�L#H�V�d�jgj"G J L�Q X6G�[ [ G�X J V±K�[�V�jPH�N N�Z�G L�V�I�V#c�Q e	j"K�S8G d"V�I�b�b8N d"V�E8K�X R�V h�Â6H L�X�Q H�H S�OÁ X E�H�N N G L�Å Î�Ð�Ð�Î È I�VWG6H�q¸H L R8K�M Á M�Q J X E�Q S8e)j"K�O�G�N8J K)J G�V�J�M`E8G J E8G L¨j"K�S8G J H L d)b8K�N Q X d)E�H Z�G6O�Q [ [ G L G S�J_G�[ [ G�X J V#Q S
G Ë�b�H S�V�Q K�S�VaZ�G L�V�I�VaL G�X�G�V�V�Q K�S�V h
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WKURXJK� IRU� ,VUDHO� XVLQJ� D� UHGXFHG�IRUP�HVWLPDWH�RI� WKH�TXDUWHUO\� UDWH�RI� LQIODWLRQ��
7KH\�ILQG�WKDW�H[WHQW�RI�SDVV�WKURXJK�LV�VOLJKWO\�OHVV�GXULQJ�D�VORZGRZQ�WKDQ�LQ�IXOO�
HPSOR\PHQW�DQG�DOVR�WKDW�WKH�SDVV�WKURXJK�LV�VSUHDG�DOPRVW�HTXDOO\�RYHU�WKH�FXUUHQW�
DQG� SUHYLRXV� SHULRGV� GXULQJ� D� VORZ� GRZQ� ZKHUHDV� GXULQJ� IXOO�HPSOR\PHQW� WKH�
HIIHFWV�RI�SDVV�WKURXJK�LV�IHOW�PRUH�TXLFNO\��$QRWKHU�VRXUFH�RI�DV\PPHWU\�WKDW�WKH\�
FRQVLGHU� LV� WKH� VL]H� RI� WKH� H[FKDQJH� UDWH� VKRFN� Ñ � 7KH\� FRQFOXGH� WKDW� ZKHQ� WKH�
H[FKDQJH�UDWH�VKRFN�LV�VL]DEOH�WKH�SDVV�WKURXJK�WR�SULFHV�LV�IDVWHU��2WKHU�GLPHQVLRQV�
RI� DV\PPHWULHV� LQFOXGH� ZKHWKHU� WKH� OHYHO� RI� H[FKDQJH� UDWH� FKDQJHV� PDWWHU�� 7KLV�
NLQG�RI�DV\PPHWU\�FDQ�HPHUJH�IURP�WKH��IOLJKW�IURP�TXDOLW\��EHKDYLRU�GLVFXVVHG�LQ�
Burstein, Eichenbaum and Rebelo (2002). Also Carranza, Galdón�Sánchez and 
Gómez�%LVFDUUL��������GLVFXVV�WKH�SRVVLELOLW\�RI�VXFK�DQ�DV\PPHWU\�HPHUJLQJ�IURP�
WKH� EDODQFH�VKHHW� HIIHFWV� RI� DQ� H[FKDQJH� UDWH� GHSUHFLDWLRQ�� 7KH� LGHD� LV� WKDW� DQ�
H[FKDQJH� UDWH� GHSUHFLDWLRQ� FDXVHV� D� GURS� LQ� LQYHVWPHQW� H[SHQGLWXUHV� VLQFH� LW�
LQFUHDVHV�WKH�ILQDQFLDO�FRVWV�RI�ILUPV�HVSHFLDOO\�LQ�KLJKO\�GROODUL]HG�HFRQRPLHV��7KLV�
decline in investment triggers a fall in prices. Carranza, Galdón�Sánchez and 
Gómez�%LVFDUUL� ������� VKRZ� WKDW� RQH� FDQ� REVHUYH� WKLV� SKHQRPHQRQ� LQ� YDULRXV�
FRXQWULHV� ZKHUH� WKHUH� H[LVWV� D� FHUWDLQ� OHYHO� RI� GHSUHFLDWLRQ� EH\RQG� ZKLFK� SDVV�
WKURXJK�LV�VPDOOHU��7KH\�DOVR�VKRZ�WKDW�WKLV�HIIHFW�LV�PRUH�SUHYDOHQW�GXULQJ�SHULRGV�
RI� ORZHU� RXWSXW� DQG� LQ� PRUH� GROODUL]HG� HFRQRPLHV�� $OWKRXJK� WKHUH� LV� PL[HG�
HPSLULFDO�HYLGHQFH�IRU�WKH�TXDQWLWDWLYH�VLJQLILFDQFH�RI�WKH�LQIODWLRQDU\�HQYLURQPHQW�
RQ�WKH�H[WHQW�RI�SDVV�WKURXJK��DQRWKHU�DV\PPHWU\�WKDW�RQH�FDQ�FRQVLGHU�LV�EHWZHHQ�
SHULRGV�RI�KLJK�YHUVXV�ORZ�LQIODWLRQ�DV�VXJJHVWHG�LQ�7D\ORU����������

,Q�JHQHUDO� RQH�ZRXOG� H[SHFW�SDVV�WKURXJK� WR�EH� ODUJH� LQ� VPDOO�RSHQ�HFRQRPLHV�
ZKHUH� LPSRUWV� FRQVWLWXWH� D� ODUJH� IUDFWLRQ� RI� WKH� FRQVXPSWLRQ�EXQGOH� DQG� DUH�XVHG�
PRUH� LQWHQVLYHO\� DV� LQWHUPHGLDWH� SURGXFWV�� +RZHYHU�� VHYHUDO� VWXGLHV� LQGLFDWH� WKDW�
WKH�SDVV�WKURXJK�WR�SULFHV�LQ�VPDOO�RSHQ�HFRQRPLHV�VXFK�DV�WKH�8QLWHG�.LQJGRP�DQG�
&DQDGD� DUH� QRW� VLJQLILFDQWO\� ODUJHU� WKDQ� WKDW� LQ� D� UHODWLYHO\�PRUH� FORVHG� HFRQRP\�
VXFK� DV� WKH� 8�6�� 7KHUH� DUH� YHU\� IHZ� VWXGLHV� RQ� WKH� SDVV�WKURXJK� LQ� GHYHORSLQJ��
KLJK�LQIODWLRQ�HFRQRPLHV�VXFK�DV�7XUNH\��/HLJK�DQG�5RVVL��������XVH�D�9$5�PRGHO�
VLPLODU� WR� 0F&DUWK\� ������� DQG� FDOFXODWH� WKH� SDVV�WKURXJK� FRHIILFLHQWV� IURP� WKH�
HVWLPDWHG� LPSXOVH� UHVSRQVH� IXQFWLRQV� XVLQJ� GDWD� IURP� -DQXDU\� ����� XQWLO� $SULO�
������ /HLJK� DQG� 5RVVL� ������� FRQFOXGH� WKDW� WKH� H[FKDQJH� UDWH� SDVV�WKURXJK� WR�
ZKROHVDOH�DQG�FRQVXPHU�SULFHV�DUH�LQFRPSOHWH��RQO\����DQG����SHUFHQW�RI�WKH�LQLWLDO�
H[FKDQJH� UDWH� VKRFN� LV� SDVVHG� WR� SULFHV� UHVSHFWLYHO\�� DQG� WKDW� WKH� LPSDFW� RI�
�����������������������������������������������������������Ò DFE8G d�J G�V�J�[ K�LFJ E�Q V#H�V�d�jgj"G J L d�I�V�Q S8e	H`O�I�jgjgd�Z8H L�Q H c8N G�[ K�LFJ E8G±b8G L�Q K�O�V�Q S)M`E�Q X E)J E8G L G±M�H�V�H±c�Q e)X E�H S8e�G�Q S
J E8G�G Ë8X E�H S8e�G]L�H J G�h
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H[FKDQJH� UDWH� FKDQJHV� DUH� RYHU� LQ� ��� PRQWKV� ZKLFK� WKH\� FRQFOXGH� LV� VRPHZKDW�
VKRUWHU� WKDQ� WKH� UHVXOWV� REWDLQHG� IRU� RWKHU� FRXQWULHV� WKDW� KDV� JRQH� WKURXJK� VLPLODU�
GHYDOXDWLRQV��$QRWKHU� UHVHDUFK�SURMHFW�RQ� WKH�H[FKDQJH� UDWH�SDVV�WKURXJK� LV�JRLQJ�
RQ�LQ�WKH�&HQWUDO�%DQN�RI�WKH�5HSXEOLF�RI�7XUNH\�ZKHUH�WKH�DSSURDFK�LV�WR�HVWLPDWH�
WKH�SDVV�WKURXJK�FRHIILFLHQW�DV�D�WLPH�YDU\LQJ�SDUDPHWHU�DQG�LQYHVWLJDWH�WKH�IDFWRUV�
WKDW�H[SODLQ�WKH�FKDQJH�LQ�WKH�SDVV�WKURXJK�FRHIILFLHQW�RYHU�WLPH���

7KLV� SDSHU� HVWLPDWHV� WKH� H[FKDQJH� UDWH� SDVV�WKURXJK� LQ� 7XUNH\� XVLQJ� D� 9$5�
PRGHO�VLPLODU�WR�0F&DUWK\���������7KH�EHQFKPDUN�UHVXOWV�REWDLQHG�LQ�WKLV�VWXG\�DUH�
GLIIHUHQW� IURP�VWXGLHV� WKDW�XVH�D� VLPLODU�9$5�IUDPHZRUN�VXFK�DV�/HLJK�DQG�5RVVL�
������� VLQFH� LW�XVHV�GDWD� IURP� WKH�SHULRG�DIWHU� WKH� IORWDWLRQ�RI� WKH�7XUNLVK�/LUD� LQ�
RUGHU� WR� WUDFW� VWUXFWXUDO� GLIIHUHQFHV� WKDW�PLJKW�KDYH�RFFXUUHG� LQ� WKH� H[FKDQJH� UDWH�
SDVV�WKURXJK�� )XUWKHUPRUH�� WKLV� SDSHU� FRQVLGHUV� SRWHQWLDO� DV\PPHWULHV� LQ� WKH�
EHKDYLRU�RI�H[FKDQJH�UDWH�SDVV�WKURXJK�GHSHQGLQJ�XSRQ�WKH�QDWXUH�DQG�VL]H�RI� WKH�
H[FKDQJH�UDWH�FKDQJHV��ZKHWKHU�WKH�HFRQRP\�LV�LQ�DQ�H[SDQVLRQ�RU�FRQWUDFWLRQ�DQG�
WKH� LQIODWLRQDU\� HQYLURQPHQW�� 7KH� H[LVWHQFH� RI� VXFK� DV\PPHWULHV� FDQ� EH� YHU\�
LPSRUWDQW� IRU� SROLF\�� )RU� WKLV� HQG�� WKH� DXWKRU� ZLOO� XVH� D� WKUHVKROG� YHFWRU�
DXWRUHJUHVVLRQ� �79$5�� PRGHO� WKDW� EXLOGV� XSRQ� WKH� EHQFKPDUN� 9$5� IURP�
0F&DUWK\� �������� 79$5�PRGHOV� DV� DSSOLHG� LQ�7RQJ� ������� ������� 3RWWHU� �������
DQG� &KRL� ������� KDYH� EHHQ� XVHG� H[WHQVLYHO\� WR� WHVW� IRU� DV\PPHWULHV� LQ� PDQ\�
contexts but to the author’s knowledge they have not been used to test asymmetries 
LQ�WKH�H[WHQW�DQG�QDWXUH�RI�H[FKDQJH�UDWH�SDVV�WKURXJK�WR�SULFHV���
�����([FKDQJH�5DWH�DQG�,QIODWLRQ�7UHQGV�LQ�WKH�7XUNLVK�'DWD�

/RRNLQJ�DW� WKH�KLVWRULFDO�HYROXWLRQ�RI�DQQXDO� LQIODWLRQ� LQ�7XUNH\�VLQFH�WKH�HDUO\�
����V� �)LJXUH����RQH�REVHUYHV�SHUVLVWHQWO\�KLJK� LQIODWLRQ�UDWHV� WKURXJKRXW� WKH���V��
'XULQJ� WKH� WZR� FULVHV� H[SHULHQFHG� LQ� ����� DQG� ���������� ZH� REVHUYH� LQIODWLRQ�
UDWHV� ZHOO� DERYH� ��� SHUFHQW�� 7KH� HYROXWLRQ� RI� WKH� DQQXDO� FKDQJH� LQ� HIIHFWLYH�
QRPLQDO� 8�6�� ��7/� H[FKDQJH� UDWH� DOVR� VKRZ� ELJ� GHSUHFLDWLRQV� GXULQJ� WKHVH� WZR�
FULVHV��)LJXUH�����'XULQJ������ZH�REVHUYH� WKDW� WKH�XQFHUWDLQW\�DVVRFLDWHG�ZLWK� WKH�
*XOI�&ULVLV�KDV�OHG�WR�D�GHSUHFLDWLRQ�RI�7XUNLVK�/LUD�DQG�DQ�LQFUHDVH�LQ�LQIODWLRQ��2Q�
WKH�RWKHU�KDQG��WKH�SHULRG�EHWZHHQ������DQG�WKH������FULVLV�FDQ�EH�FKDUDFWHUL]HG�E\�
KLJK�JURZWK��KLJK�SXEOLF�VHFWRU�ERUURZLQJ�DQG�WKH�DSSUHFLDWLRQ�RI�7XUNLVK�/LUD��,Q�
HDUO\������ZH�REVHUYH�D�ODUJH�GHSUHFLDWLRQ�RI�WKH�7XUNLVK�/LUD�GXH�WR�WKH�FXUUHQF\�
FULVLV� WKDW� WRRN�SODFH� LQ�HDUO\�������7KH� LQIODWLRQ�UDWHV�GXULQJ� WKLV�SHULRG�DUH�ZHOO�
DERYH����SHUFHQW��$IWHU� WKH������FULVLV� DQ�HFRQRPLF�SURJUDP� WKDW� VXJJHVWV�PDMRU�
VWUXFWXUDO�UHIRUPV�ZDV�DQQRXQFHG��7KH�H[FKDQJH�UDWH�SROLF\�GXULQJ�WKLV�SHULRG�FDQ�
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EH� FKDUDFWHUL]HG� DV� D�PDQDJHG� IORDW� SROLF\�ZKHUH� WKH�&HQWUDO�%DQN�KDG� H[FKDQJH�
UDWH� VWDELOL]DWLRQ� DV� RQH� RI� LWV� REMHFWLYHV�� 7KLV� SURJUDP� KDV� ZRUNHG� ZHOO� GXULQJ�
����������EXW�VWDUWLQJ�LQ������ZH�REVHUYH�LQFUHDVHV�LQ�LQIODWLRQ�UDWHV��,Q�'HFHPEHU�
����� DQ� ,0)�EDFNHG� GLVLQIODWLRQ� DQG� VWUXFWXUDO� DGMXVWPHQW� SURJUDP� ZLWK� DQ�
H[FKDQJH�UDWH�SHJ�WKDW�FUDZOHG�ZLWK�WKH�WDUJHWHG�LQIODWLRQ�ZDV�DGRSWHG��6RRQ�DIWHU��
LQ�1RYHPEHU������WKHUH�ZDV�D�ILQDQFLDO�FULVLV�DQG�LQ�)HEUXDU\������IORDWLQJ�RI�WKH�
7XUNLVK�/LUD� WRRN�SODFH��6LQFH�WKH�DGRSWLRQ�RI�WKH�,0)�EDFNHG�HFRQRPLF�SURJUDP�
DIWHU�WKH������FULVLV�ZH�REVHUYH�D�FRQVLVWHQW�GHFOLQH�LQ�LQIODWLRQ�UDWHV��)RU�WKH�ILUVW�
WLPH� GXULQJ� WKH� SDVW� GHFDGH�ZH� REVHUYH� LQIODWLRQ� UDWHV� EHORZ� ��� SHUFHQW� LQ�0D\�
������([FKDQJH�UDWH�GHSUHFLDWLRQ�LV�DOVR�DW�D�GHFOLQLQJ�WUHQG�GXULQJ�WKLV�SHULRG��$�
TXLFN� JODQFH� DW� WKH� ILJXUHV� RI� LQIODWLRQ� DQG� SHUFHQWDJH� FKDQJH� LQ� H[FKDQJH� UDWHV�
LQGLFDWHV�D�SHUVLVWHQW�GHFOLQH�LQ�ERWK�RI�WKHVH�YDULDEOHV�DIWHU�WKH�IORWDWLRQ�RI�WKH�/LUD�
WR�OHYHOV�WKDW�ZHUH�QRW�REVHUYHG�GXULQJ�WKH�SDVW�GHFDGH��7KHUHIRUH�LW�LV�LQWHUHVWLQJ�WR�
FRQVLGHU�WKH�SRVVLELOLW\�RI�D�VWUXFWXUDO�FKDQJH�LQ�WKH�ZD\�H[FKDQJH�UDWH�PRYHPHQWV�
SDVV� WR�SULFHV�GXULQJ� WKLV�SHULRG��7KH�VPDOO�VL]H�RI� WKH�VDPSOH�DQG�IUHTXHQW�FULVHV�
PDNH� ZRUNLQJ� ZLWK� 7XUNLVK� GDWD� GLIILFXOW�� ,W� LV� WKHUHIRUH� KDUG� WR� PDNH� VWURQJ�
LQIHUHQFHV� EXW� QHYHUWKHOHVV� VRPH� LPSRUWDQW� FRQFOXVLRQV� HPHUJH� UHJDUGLQJ� WKH�
QDWXUH� RI� SDVV�WKURXJK� WR� GRPHVWLF� SULFHV� ZKLFK� PLJKW� EH� HVSHFLDOO\� UHOHYDQW� IRU�
FRQGXFWLQJ�SROLF\���

7KH�QH[W�VHFWLRQ�GLVFXVVHV�WKH�HPSLULFDO�PHWKRGRORJ\�XVHG�LQFOXGLQJ�WKH�79$5�
DSSURDFK�DQG� WKH� WKUHVKROG�YDULDEOHV�XVHG��6HFWLRQ���SUHVHQWV�WKH�UHVXOWV�LQFOXGLQJ�
WKH� HVWLPDWHG� LPSXOVH� UHVSRQVHV� DQG� SDVV�WKURXJK� FRHIILFLHQWV� IRU� WKH� EHQFKPDUN�
DQG�DV\PPHWULF�PRGHOV��6HFWLRQ���SURYLGHV�D�GLVFXVVLRQ�RI�WKH�UHVXOWV�DQG�6HFWLRQ���
FRQFOXGHV���
���(PSLULFDO�0HWKRGRORJ\�
�����7KH�9$5�)UDPHZRUN�DQG�7KH�7KUHVKROG�9$5��79$5��$SSURDFK�

$V�PHQWLRQHG�EHIRUH�ZH�DGRSW�D�9$5�IUDPHZRUN�VLPLODU�WR�0F&DUWK\��������WR�
DVVHV�H[FKDQJH�UDWH�SDVV�WKURXJK�LQ�7XUNH\��(T����VKRZV�WKH�JHQHUDO�VWUXFWXUH�DQG�
WKH� HOHPHQWV� RI� WKH� 9$5� LQ� WKH� RUGHU� WKDW� WKH\� DSSHDU� LQ� WKH� DFWXDO� HVWLPDWLRQ��Ó�Ô ÕÖS∆ � LV� WKH� RLO� SULFH� LQIODWLRQ� LQ� 86� GROODUV × �� ØLS∆ � LV� WKH� FKDQJH� LQ� LQGXVWULDO�

�����������������������������������������������������������ÙTÚ SÛJ E8GnK�L�Q e�Q S�H�Ngq¸X�\�H L J E�dÛÅ�Æ Ç�Ç�Ç È [ L�H j"G M6K�L R{J E�Q VlZ8H L�Q H c8N GnQ VfQ S{J G L jPVÜK�[TJ E8GnO�K�j"G�V�J Q XnX I�L L G S�X d�h
Ý K�M6G Z�G L�k8I�V�Q S8egJ E�Q V#Z8H L�Q H c8N G6G Ë�b�L G�V�VWG�O"Q S"J G L jPV±K�[¨J E8G�O�K�j"G�V�J Q X�X I�L L G S�X d	M6K�I8N O	jPH R8G`J E8G6[ Q L�V�JFG�Þ�I�H J Q K�S
Q S"J E8G`ß6à`UáG S�O�K�e�G S8K�I�V#J K	J E8G`L G�V�JFK�[¨J E8G6G�Þ�I�H J Q K�S�V]Q SgJ E8G�ß6à`UáH S�O)E8G S�X�G`K�S8G6X�H S�S8K�J_K�c�J H�Q SgJ E8G6X�K�L L G�X JQ O�G S�J Q [ Q X�H J Q K�SáK�[	J E8GfV�J L I�X J I�L�H�N6V�E8K�X R�VTH S�OâJ E8G�Q L"X�K�G�[ [ Q X�Q G S�J V"I�V�Q S8eâJ E8Gl\±E8K�N G�V�R�dÊO�G�X�K�jgb8K�V�Q J Q K�S_h#DFE8G
H I�J E8K�LaQ V�e�L�H J G�[ I8N�J K�J E8G`H S8K�S�d�j"K�I�VaL G�[ G L G�G�[ K�LFc�L�Q S8e�Q S8e�I�b	J E�Q V#Q V�V�I8G�h



°±%  ²)!±9�³]� 3�$�� % ´�µa!#����� ��$�%�'�$�����¶����� ��·¸.T¹ . �����Wº 2 >�= 01. � Ç¨Æ

SURGXFWLRQ�LQGH[ ã �� äH∆ �LV�WKH�FKDQJH�LQ�QRPLQDO�H[FKDQJH�UDWH�� åæS∆ �LV�WKH�LPSRUW�
SULFH� LQGH[� LQIODWLRQ�� çæS∆ � LV� WKH� ZKROHVDOH� SULFH� LQGH[� LQIODWLRQ�� èéS∆ � LV� WKH�
FRQVXPHU� SULFH� LQGH[� LQIODWLRQ� DQG� äL � LV� WKH� VKRUW� WHUP� LQWHUHVW� UDWH�� 7KH� ODVW�
YDULDEOH�LV�LQFOXGHG�WR�WDNH�LQWR�DFFRXQW�WKH�LPSDFW�RI�PRQHWDU\�SROLF\�RQ�WKH�UHVW�RI�
WKH�V\VWHP�VLQFH�PRQHWDU\�SROLF\�LV�NQRZQ�WR�UHDFW�WR�IOXFWXDWLRQV�LQ�H[FKDQJH�UDWHV�
DQG�RXWSXW��7KH� V\VWHP� LV� HVWLPDWHG�XVLQJ� D� FRQVWDQW� DQG� DOVR� D� VHW� RI�H[RJHQRXV�
YDULDEOHV�GHQRWHG�E\� ä[ ��,Q�SDUWLFXODU�WZR�SHULRG�GXPP\�YDULDEOHV�� 94'XP �DQG�

01'XP �� DUH� XVHG� DV� H[RJHQRXV� YDULDEOHV� WR� WDNH� LQWR� DFFRXQW� WKH� WZR� FULVHV�
H[SHULHQFHG� GXULQJ� ����� DQG� �����������7KH� SHULRGV� DUH� LGHQWLILHG� DV� WKH� ILUVW� ��
PRQWKV�RI������DQG����������������IRU� 94'XP �DQG� 01'XP �UHVSHFWLYHO\�� äε �LV�
WKH�YHFWRU�RI�HUURUV�ZKLFK�DUH�DVVXPHG�WR�EH�VHULDOO\�XQFRUUHODWHG���
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$OO� RI� WKH� YDULDEOHV� DUH� LQ� ORJ� GLIIHUHQFHV� H[FHSW� WKH� LQWHUHVW� UDWH�� 3HUIRUPLQJ�
$XJPHQWHG�'LFNH\�)XOOHU�8QLW�5RRW�7HVW� IRU� WKH�YDULDEOHV� LQ� WKH�9$5�VKRZ� WKDW�
RQH�FDQ�UHMHFW�WKH�QXOO�K\SRWKHVLV�RI�D�XQLW�URRW�DW�WKH���SHUFHQW�OHYHO�IRU�DOO�RI�WKH�
YDULDEOHV�H[FHSW�&3,�LQIODWLRQ��)RU�&3,�LQIODWLRQ�RQH�FDQ�UHMHFW�WKH�QXOO�K\SRWKHVLV�
RI� D� XQLW� URRW� DW� WKH� �� SHUFHQW� FRQILGHQFH� OHYHO�� $V� RQH� FDQ� VHH� WKH� 9$5� LV�
FRQVWUXFWHG� VXFK� WKDW� WKH� RUGHULQJ� RI� WKH� YDULDEOHV� UHIOHFWV� SULFLQJ� DORQJ� D�
GLVWULEXWLRQ�FKDLQ��7R�FRQILUP� WKDW� WKH�RUGHULQJ� LQ� WKH�9$5�LV�VXFK� WKDW�H[FKDQJH�
UDWH� FKDQJHV� FRPH� EHIRUH� FKDQJHV� LQ� GLIIHUHQW� GRPHVWLF� SULFH� LQGLFHV�� ZH� UXQ�
SDLUZLVH�*UDQJHU�FDXVDOLW\� WHVWV�EHWZHHQ� WKH�PRQWKO\�FKDQJH� LQ�H[FKDQJH�UDWH�DQG�
WKH�LPSRUW�SULFH�LQGH[�LQIODWLRQ��ZKROHVDOH�SULFH�LQGH[�LQIODWLRQ�DQG�FRQVXPHU�SULFH�
LQGH[� LQIODWLRQ��7KH� UHVXOWV� RI� WKH� FDXVDOLW\� WHVWV� VKRZ� WKDW�ZH� FDQ� UHMHFW� WKH� QXOO�
K\SRWKHVLV�RI�H[FKDQJH�UDWH�GRHV�QRW�*UDQJHU�FDXVH�LPSRUW�SULFH�LQGH[�LQIODWLRQ�DW���
SHUFHQW��ZKROHVDOH�SULFH�LQGH[�DQG�FRQVXPHU�SULFH�LQGH[�LQIODWLRQV�DW�WKH���SHUFHQW�
FRQILGHQFH� OHYHOV� õ � ,PSXOVH� UHVSRQVHV� DUH� XVHG� WR� VWXG\� WKH� LPSOLFDWLRQV� RI� D� RQH�
VWDQGDUG�GHYLDWLRQ� VKRFN� WR�H[FKDQJH� UDWH��7KH�VWUXFWXUDO� VKRFNV� LQ� WKH�PRGHO�DUH�
LGHQWLILHG�IURP�WKH�9$5�UHVLGXDOV�WKURXJK�&KROHVN\�GHFRPSRVLWLRQ��7KH�YDULDEOHV�
LQ�WKH�9$5�LGHQWLI\�VXSSO\��GHPDQG��H[FKDQJH�UDWH�� LPSRUW�SULFH��ZKROHVDOH�SULFH��
FRQVXPHU�SULFH�DQG�PRQHWDU\�SROLF\�VKRFNV�UHVSHFWLYHO\��7KHUHIRUH�ZH�DVVXPH�WKDW�
WKHUH� LV� QR� FRQWHPSRUDQHRXV� LPSDFW� RI�PRQHWDU\� SROLF\� VKRFNV� RQ� WKH� UHVW� RI� WKH�
�����������������������������������������������������������ö]÷Fø8ùTú�û ü"ù"ý6þ`ÿ���û�ú)ù�ú�� � üPû�� ù��	��ú
� �����û���û���� � �	��� � � � �1û�� � ����� ��ú�� ù�û�������� ������ú�� ��� û������ ��������� � ��� � ����ù�!#"_÷Fø8ù� ù�ú��� � ú��6ù�� ù%$�ù�� �	ú
� ü&� � û��
"'#÷Fø8ùgú�û ü(�� ù)�8ù���� ���&��úWù��*� ���+� ø8ù-,.��û����ù��%/�û���ú�û�� � � �T÷¨ù�ú�� ú0� ú.� ø8ù	ú�û ü"ù	û�ú%� ø8ù	ú�û ü(�� ù1��úWù��*� �-ù�ú�� � üPû�� � ��� ø8ù]ý6þ`ÿ3254�6�6�798 4�: ;�<�<�798 =?>
"



@+A B C)D+E�F%G�H�I�J A K�L�DNM�O�J G
I�A�PQI�O�R.SQM�T�B M�UWV*X V#Y�Y�Z\[0]�^�_�`?Va6�;

V\VWHP� b � 7KH�9$5� VWUXFWXUH� JLYHQ� LQ� (T�� ��ZLOO� EH� UHIHUUHG� WR� DV� WKH� EHQFKPDUN�
FDVH� VLQFH� LW� DVVXPHV� WKDW� WKHUH� LV� QR� QRQ�OLQHDULW\� LQ� WKH� SDVV�WKURXJK� WR� YDULRXV�
SULFH�LQGLFHV��7KH�QXPEHU�RI�ODJV�XVHG�LQ�WKH�HVWLPDWLRQ�RI�WKH�EHQFKPDUN�PRGHO�LV�
��ZKLFK�LV�GHWHUPLQHG�E\�6FKZDU]�,QIRUPDWLRQ�&ULWHULD��6,&�� c ��

7KUHVKROG�$XWRUHJUHVVLRQ��7$5��PRGHOV�DQG�WKHLU�FRUUHVSRQGLQJ�9$5�YHUVLRQV�
�79$5�� FDQ� EH� FODVVLILHG� DORQJ� ZLWK� 6PRRWK� 7UDQVLWLRQ� $XWRUHJUHVVLRQ� �67$5��
DQG�0DUNRZ�6ZLWFKLQJ� �06��PRGHOV��7KHVH�PRGHOV� LQWURGXFH�QRQ�OLQHDULW\� LQ� WKH�
FRQGLWLRQDO� H[SHFWDWLRQ�RI�D� VHULHV�RU� V\VWHP� WKURXJK�PDNLQJ� LW�EHKDYH�GLIIHUHQWO\�
XQGHU�GLIIHUHQW�UHJLPHV�ZKLFK�DUH�LQ�WXUQ�GHWHUPLQHG�E\�WKH�YDOXH�RI�VRPH�UDQGRP�
YDULDEOH�RU�YDULDEOHV��3DJDQ����������,Q�7$5�DQG�67$5�PRGHOV�WKH�UHJLPH�GHSHQGV�
XSRQ� DQ� REVHUYDEOH� UDQGRP� YDULDEOH� ZKHUHDV� LQ� 0DUNRZ� 6ZLWFKLQJ� 0RGHOV� WKH�
UHJLPH� VKLIW� GHSHQGV� XSRQ� D� ODWHQW� YDULDEOH�� 7KH� GLIIHUHQFH� EHWZHHQ� 67$5� DQG�
7$5�PRGHOV�LV�WKDW�WKH�IRUPHU�PRGHOV�WKH�UHJLPH�VZLWFK�DV�D�VPRRWK�SURFHVV�ZKHUH�
WKH� HVWLPDWHG� V\VWHP� FKDQJHV� VORZO\� DV� WKH� UDQGRP� YDULDEOH� FKDQJHV�� ,Q� 7$5�
PRGHOV� WKH� UHJLPH� VZLWFK� KDSSHQV� LQ� D�PRUH� DEUXSW� IDVKLRQ�ZKHUH� LI� WKH� UDQGRP�
YDULDEOH� H[FHHGV� D� FHUWDLQ� WKUHVKROG� D� UHJLPH� VKLIW� WDNHV� SODFH� d � 1RWLFH� WKDW� WKH�
V\VWHP�ZH�HVWLPDWH� LV� OLQHDU�ZLWKLQ� WKH�SDUWLFXODU� UHJLPHV�EXW� LV� QRQ�OLQHDU� DFURVV�
UHJLPHV��,Q�WKLV�SDSHU��ZH�HVWLPDWH�D�79$5�ZLWK�WZR�UHJLPHV�PDLQO\�GXH�WR�ODFN�RI�
ORQJ� GDWD� VHULHV� WR� EH� DEOH� WR� FDSWXUH� HIILFLHQWO\� WKH� H[LVWHQFH� RI� PRUH� WKDQ� WZR�
UHJLPHV��)XUWKHUPRUH��LQ�RWKHU�79$5�PRGHOV�HVWLPDWHG�ZLWK�ODUJHU�GDWD�VDPSOHV�LW�
KDV� EHHQ� FRQFOXGHG� WKDW� HVWLPDWLQJ� PRGHOV� ZLWK� PRUH� WKDQ� WZR� UHJLPHV� KDV� QRW�
SURYLGHG�PRUH�LQVLJKW�LQWR�WKH�LPSOLFDWLRQV�RI�DV\PPHWULHV�DQG�KDV�JHQHUDWHG�QRLV\�
UHVSRQVHV� e f �(T���� VKRZV� WKH� VWUXFWXUH�RI� WKH�79$5�HVWLPDWHG� WR�FDSWXUH�SRVVLEOH�
DV\PPHWULHV�LQ�WKH�SDVV�WKURXJK�WR�GLIIHUHQW�SULFH�LQGLFHV���
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ψ �DQG�φ �DUH� (( ) 1)T T S× × + �DQG� ( )/ \ �LV� (( ) 1) 1T S× + × �PDWULFHV�ZKHUH�
T � LV� WKH�QXPEHU�RI�YDULDEOHV�LQFOXGHG�LQ�WKH�9$5��7KH�REVHUYHG�UDQGRP�YDULDEOH�
GHWHUPLQLQJ�WKH�UHJLPHV�LV� Âτ �DQG�DOO�RI�WKH�YDULDEOHV�DUH�GHILQHG�DV�EHIRUH��:KHQ�
Âτ � H[FHHGV� VRPH� WKUHVKROG� τ ∗ � WKH� V\VWHP� EHKDYHV� OLNH� D� 9$5� ZLWK� FRHIILFLHQW�

PDWUL[�ψ φ+ �DQG�RWKHUZLVH�OLNH�D�9$5�ZLWK�FRHIILFLHQW�PDWUL[�ψ ��1RWLFH�WKDW�ZH�
LPSOLFLWO\� DVVXPH� D� KRPRJHQRXV� HUURU� YDULDQFH�FRYDULDQFH�PDWUL[� DFURVV� UHJLPHV��
:H� DOVR� DVVXPH� WKDW� WKH� UHJLPH� HIIHFWV� DUH� FRQWHPSRUDQHRXV�� ,Q� RWKHU�ZRUGV�ZH�
FRXOG�DOVR�FRQVLGHU�ODJV�RI�WKH�WKUHVKROG�YDULDEOH�LQ�GHWHUPLQLQJ�UHJLPHV���

7KH� SDUDPHWHUV� WKDW� QHHGV� WR� EH� HVWLPDWHG� LQ� WKLV� V\VWHP� DUH� WKH� FRHIILFLHQW�
PDWULFHV� ψ � �� φ � DQG� χ � DV� ZHOO� DV� WKH� YDOXH� RI� WKH� WKUHVKROG� τ ∗ �� 1RQ�OLQHDU�
HVWLPDWLRQ� PHWKRGV� FDQQRW� EH� HPSOR\HG� LQ� WKLV� VHWWLQJ� VLQFH� H[LVWHQFH� RI� WKH�
LQGLFDWRU� IXQFWLRQ� PDNHV� WKH� FRQGLWLRQDO� PHDQ� QRQ�GLIIHUHQWLDEOH� LQ� τ � DQG�
WKHUHIRUH�QXPHULFDO�PHWKRGV�FDQQRW�EH�XVHG��+RZHYHU��JLYHQ�D�FHUWDLQ�YDOXH�IRU�τ ∗ �
WKH�PRGHO�LV�OLQHDU�DQG�WKH�RSWLPDO�PHWKRG�IRU�HVWLPDWLRQ�LV�DSSO\LQJ�2/6�WR�DOO�RI�
WKH�HTXDWLRQV� LQ� WKH� V\VWHP��)RU� WKLV�HQG�ZH� LQFOXGH�D�GXPP\�YDULDEOH� WR� LGHQWLI\�
WKH� UHJLPH� DQG� LWV� LQWHUDFWLRQV� ZLWK� WKH� ODJV� RI� YDULDEOHV� LQ� WKH� 9$5�� :H� WKHQ�
HPSOR\� D� JULG� VHDUFK� RQ� WKH� YDOXH� RI� τ � WKDW� PLQLPL]HV� WKH� GHWHUPLQDQW� RI� WKH�
YDULDQFH�FRYDULDQFH�PDWUL[�RI�WKH�PRGHO�DV�LQ�$OHVVDQGULQL���������$V�VXJJHVWHG�LQ�
+DQVHQ�������� LW� LV�DOVR�SRVVLEOH� WR� LGHQWLI\�VRPH�SHUFHQWLOH�α �VXFK�WKDW�WKH�JULG�
VHDUFK� LV�SHUIRUPHG�RYHU� WKH� UDQJH�RI�YDOXHV�RI� WKH� WKUHVKROG�YDULDEOH� WKDW� UHPDLQ�
ZLWKLQ�WKH�α �WK�DQG� (1 )α− WK�SHUFHQWLOHV�RI�WKH�VDPSOH��7KLV�LV�WR�PDNH�VXUH�WKDW�
LQ�WKH�JULG�VHDUFK�SURFHVV��DOO�RI�WKH�UHJLPHV�FRQVLGHUHG�FRQWDLQ�DW�OHDVW�α �SHUFHQW�
RI� WKH� VDPSOH��$OHVVDQGULQL� ������� XVHV� WKH� YDOXHV� RI� WKH� WKUHVKROG� YDULDEOHV� WKDW�
UHPDLQ�ZLWKLQ� WKH� ��UG���WK� SHUFHQWLOHV� RI� KLV� VDPSOH� IRU� WKDW� SDUWLFXODU� YDULDEOH��
:H�HPSOR\�D�ODUJHU�VHW�RI�YDOXHV�IRU�WKH�UDQJH�RI�τ �IRU�WKH�JULG�VHDUFK�SURFHVV�DQG�
XVH� 25α = ���

,Q�OLJKW�RI�SUHYLRXV�WKHRUHWLFDO�ZRUN�RQ�WKH�SRVVLEOH�DV\PPHWULHV�LQ�WKH�H[FKDQJH�
UDWH� SDVV� WKURXJK��ZH� LGHQWLI\� WKH� IROORZLQJ� WKUHVKROG�YDULDEOHV�� DQQXDO� FKDQJH� LQ�
LQGXVWULDO� SURGXFWLRQ� LQGH[�� DQQXDO� FKDQJH� LQ� H[FKDQJH� UDWH�� DQQXDO� FKDQJH� LQ�
LQIODWLRQ�DV�PHDVXUHG�E\�&3,�DQG�WKH�GHYLDWLRQ�RI�DQQXDO�FKDQJH�LQ�H[FKDQJH�UDWHV�
IURP�LWV�PHDQ��)RU�DOO�RI�WKH�YDULDEOHV�ZH�XVH�DQQXDO�FKDQJHV�VLQFH�WKH\�DUH�QRW�DV�
YRODWLOH� DQG� KHQFH� GR� QRW� OHQG� WKHPVHOYHV� WR� IUHTXHQW� UHJLPH� FKDQJHV�� 7KH� ILUVW�
WKUHH� WKUHVKROG� YDULDEOHV� DUH� XVHG� WR� FDSWXUH� UHJLPH� FKDQJHV� LQ� OHYHOV� RI� WKHVH�
YDULDEOHV� ZKHUHDV� WKH� ODVW� WKUHVKROG� YDULDEOH� WULHV� WR� FDSWXUH� ZKHWKHU� WKHUH� DUH�
DV\PPHWULF�HIIHFWV�RI�ELJ�YHUVXV�VPDOO�FKDQJHV�LQ�H[FKDQJH�UDWHV���
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$OO�RI�WKH�VHULHV�XVHG�DUH�LQ�PRQWKO\�IUHTXHQF\�DQG�DUH�REWDLQHG�IURP�WKH�&HQWUDO�
%DQN� RI� WKH� 5HSXEOLF� 2I� 7XUNH\� (OHFWURQLF�'DWD�'HOLYHU\� 6\VWHP� ã5ã � 7KH� VDPSOH�
SHULRG�IRU�DOO�RI�WKH�HVWLPDWLRQV�LV���������WR���������DV�LPSRUW�SULFH�LQGH[�GDWD�LV�
RQO\� DYDLODEOH� VWDUWLQJ� LQ� ������ $OO� RI� WKH� VHULHV� H[FOXGLQJ� LQWHUHVW� UDWHV� DQG�
H[FKDQJH� UDWHV� DUH� VHDVRQDOO\� DGMXVWHG� XVLQJ� ;��� PHWKRG� RI� WKH� 8�6�� &HQVXV�
%XUHDX��7KH�RLO�SULFH�LQGH[�LV�WKH�EDUUHO�SULFH�LQ�8�6����RI�RLO�LPSRUWHG�E\�7XUNH\� ã ä �
$OO�RI�WKH�RWKHU�SULFH�LQGLFHV�DUH�DJJUHJDWH�SULFH�LQGLFHV�XQOHVV�LQGLFDWHG�RWKHUZLVH��
7KH� LQWHUHVW� UDWH� XVHG� LV� WKH� PRQWKO\� DYHUDJH� RI� VLPSOH� RYHUQLJKW� UDWH�� 7KH�
H[FKDQJH�UDWH�XVHG�LV�WKH�QRPLQDO�HIIHFWLYH�8�6����7/�H[FKDQJH�UDWH� ã å ��
���5HVXOWV�
�����7HVWLQJ�/LQHDULW\�

,Q�RUGHU�WR�DVVHVV�WKH�UHVXOWV�REWDLQHG�IURP�WKH�DV\PPHWULF�HVWLPDWLRQ�RQH�QHHGV�
WR� ILUVW� WHVW� WKH� QXOO� K\SRWKHVLV� RI� OLQHDULW\� RI� WKH�PRGHO� DJDLQVW� WKH� DOWHUQDWLYH�RI�
QRQ�OLQHDULW\��8QGHU� D� VWDQGDUG� HVWLPDWLRQ� IUDPHZRUN��RQH� FDQ�XVH� D�:DOG� WHVW� WR�
WHVW� 0æ+ φ: = ��+RZHYHU��LQ�79$5�PRGHOV�VXFK�DV�WKH�RQH�XVHG�LQ�WKLV�SDSHU��WKH�
HVWLPDWHG� SDUDPHWHU� τ ∗ � GRHV� QRW� H[LVW� XQGHU� WKH� QXOO� K\SRWKHVLV�� ,I� τ ∗ � ZHUH�
GHWHUPLQHG�H[�DQWH� WKHQ� WKLV�SUREOHP�ZRXOG�GLVDSSHDU�VLQFH�WKH�UHJLPHV�ZRXOG�EH�
JLYHQ� H[RJHQRXVO\� UDWKHU� WKDQ� GHWHUPLQHG� HQGRJHQRXVO\� ZLWK� WKH� GDWD�� $QGUHZV�
DQG� 3OREHUJHU� �������� +DQVHQ� ������� DQG� +DQVHQ� ������� VKRZ� WKDW� LQ� VXFK�
DGGLWLYHO\� QRQ�OLQHDU�PRGHOV�� WKH�:DOG� VWDWLVWLF� GRHV� QRW� IROORZ� WKH� VWDQGDUG� FKL�
VTXDUH� GLVWULEXWLRQ� DQG� VXJJHVW� D� PHWKRGRORJ\� EDVHG� XSRQ� VLPXODWLRQV� WR�
DSSUR[LPDWH� WKH� XQNQRZQ� DV\PSWRWLF� GLVWULEXWLRQ�RI� WKH�:DOG� VWDWLVWLF� DQG�REWDLQ�
DSSUR[LPDWH� S�YDOXHV� IRU� WHVWLQJ� WKH� QXOO� K\SRWKHVLV�� ,Q� WKLV� SDSHU� ZH� DGRSW� WKH�
PHWKRGRORJ\� ODLG� RXW� LQ� +DQVHQ� ������� WR� WHVW� IRU� OLQHDULW\�� 7KH� SURFHGXUH� LV� WR�
FDOFXODWH� WHVW� VWDWLVWLFV�ZKLFK� DUH� DOO� IXQFWLRQV�RI� WKH�:DOG� VWDWLVWLFV�RYHU� WKH�JULG�
VSDFH�RI�YDOXHV�WKDW�τ �FDQ�WDNH�DQG�DOVR�REWDLQ�WKH�DV\PSWRWLF�GLVWULEXWLRQV�RI�WKHVH�
VWDWLVWLFV� XVLQJ� VLPXODWLRQ� WHFKQLTXHV�� &RPSDULQJ� WKH� DV\PSWRWLF� GLVWULEXWLRQV� RI�
WKH� WHVW� VWDWLVWLFV� ZLWK� WKH� DFWXDO� WHVW� VWDWLVWLF� ZH� REWDLQ� DV\PSWRWLF� S�YDOXHV� IRU�
LQIHUHQFH�� 7KUHH� VXFK� WHVW� VWDWLVWLFV� ZLOO� EH� UHSRUWHG�� VXSUHPXP�� DYHUDJH� DQG�
�����������������������������������������������������������ç ç�è-é�ê�ë ì í�î�ï�î�ðñ ò	î�ê�ï�ì í�î�ï�î�ðñ ò	ó�é�ô(õé�êò�ê�ì ö(é�÷1ø+ù#ú1î�ê�ï é�û ñ+õ�í�û ó�ò	û ê�ï�ò�ü ý0ò�í ò*é�ð�ì î�û êò�ï�÷ í é�ôþì ÿònö�ì î�÷ ÷0é�÷ø%ò�ê�ì í�î�ñ���î�ê��(é�÷�ì ÿò��.ò�õ���ðñ û ó.é�÷�����í �ò	��
ç ���9ÿ�û ö)ï�î�ì î�û ö�õ���ðñ û ö�ÿò�ï	û ê	ì ÿò�Wî�û ê��Nó�é�êé�ô&û ó-ú ê�ï�û ó�î�ì é�í�ö�ð��*ì ÿò��.ò�õ���ðñ û ó(é�÷�����í �ò	�*ù#í�û ô�ò�Wû ê�û ö�ì í ���� ì î�ì ò%ù�ñ î�ê�ê�û ê�����í ��î�ê�û �?î�ì û é�ê�
ç ���9ÿò)ö
î�ô�ò1ò�ö�ì û ô&î�ì û é�ê&ý1î�ö+õò�í ÷ é�í ô�ò�ï���ö
û ê���î1ó	��í í ò�ê�ó	�-ð�î�ö��ò�ì����0ï�é�ñ ñ î�í! #"�
 $�$��!��í é&%�ý1û ì ÿ'�(�!��í é&)��*
 á�+,  ðò�÷ é�í ò�-�"�"�"�
*�9ÿò�û ô(õ��ñ ö\ò%í ò�ö�õé�ê�ö\ò�ö�ý0ò�í ò�î�ñ ô�é�ö�ì�û ï�ò�ê�ì û ó�î�ñ 
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H[SRQHQWLDO�DYHUDJH� ã .	/ ã 0 $SSHQGL[�H[SODLQV�WKH�PHWKRGRORJ\�DV�ODLG�RXW�LQ�+DQVHQ�
�������DV�ZHOO�DV�LWV�DSSOLFDWLRQ�WR�WKH�SDUWLFXODU�HVWLPDWLRQ�XVHG�LQ�WKLV�SDSHU��7KH�
WHVWV� IRU� OLQHDULW\� DUH� SHUIRUPHG� IRU� WKH� WZR� HTXDWLRQV� RI� LQWHUHVW� IRU� WKLV� SDSHU��
(TXDWLRQV� IRU�ZKROHVDOH� SULFH� LQGH[� LQIODWLRQ� DQG� FRQVXPHU� SULFH� LQGH[� LQIODWLRQ��
7DEOH���VKRZV�WKH�YDOXHV�RI�WKH�WKUHVKROGV��UHOHYDQW�WHVW�VWDWLVWLFV�DQG�WKH�DVVRFLDWHG�
S�YDOXHV� IRU� DOO� RI� WKH� IRXU� WKUHVKROG� YDULDEOHV�� 7KH� UHVXOWV� RI� WKH� OLQHDULW\� WHVWV�
FOHDUO\�VKRZ�WKDW�ZH�FDQ�UHMHFW�WKH�QXOO�K\SRWKHVLV�RI�WKH�OLQHDULW\�LQ�WKH�EHKDYLRU�RI�
:3,�DQG�&3,�LQIODWLRQ�DW�DOO�FRQILGHQFH�OHYHOV�IRU�WKH�ILUVW�WKUHH�WKUHVKROG�YDULDEOHV��
)RU� WKH� ODVW� WKUHVKROG� YDULDEOH� ZH� FDQ� UHMHFW� WKH� K\SRWKHVLV� RI� OLQHDULW\� DW� WKH� ��
SHUFHQW� FRQILGHQFH� OHYHO� IRU� &3,� LQIODWLRQ� HTXDWLRQ� XVLQJ� WKH� PDMRULW\� RI� WHVW�
VWDWLVWLFV ã 1 ��ZKHUHDV� IRU� WKH�:3,� LQIODWLRQ� LW� LV�QRW�SRVVLEOH� WR� UHMHFW�K\SRWKHVLV�RI�
OLQHDULW\�ZLWK�UHDVRQDEOH�FRQILGHQFH���
�����,PSXOVH�5HVSRQVHV�DQG�3DVV�7KURXJK�&RHIILFLHQWV�

,Q� WKLV� VHFWLRQ� ZH� DQDO\]H� WKH� LPSXOVH� UHVSRQVH� IXQFWLRQV� RI� LQIODWLRQ� DV�
PHDVXUHG� E\� GLIIHUHQW�SULFH� LQGLFHV�GXH� WR� D�RQH� VWDQGDUG�GHYLDWLRQ� LQQRYDWLRQ� WR�
WKH� H[FKDQJH� UDWH�� /RRNLQJ� DW� WKH� LPSXOVH� UHVSRQVHV� ZH� FDQ� WUDFH� WKH� G\QDPLF�
HIIHFWV�RI�H[FKDQJH�UDWH�VKRFNV�RQ�LQIODWLRQ�UDWHV�RYHU�WLPH��:H�ZLOO�DOVR�FDOFXODWH�
WKH� SDVV�WKURXJK� FRHIILFLHQWV� DW� GLIIHUHQW� SRLQWV� DIWHU� WKH� VKRFN� ZKLFK� VKRZ� WKH�
FXPXODWLYH�UHVSRQVH�RI�WKH�LQIODWLRQ�UDWHV�WR�WKH�FXPXODWLYH�FKDQJH�LQ�WKH�H[FKDQJH�
UDWH��0RUH�VSHFLILFDOO\�ZH�GHILQH�SDVV�WKURXJK�FRHIILFLHQW�IRU�M�SHULRGV�DIWHU�D�VKRFN�
WKDW�WDNHV�SODFH�DW�WLPH�W�DV���
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�������%HQFKPDUN�0RGHO�
)LJXUH� �D� VKRZV� WKH� LPSXOVH� UHVSRQVH� IXQFWLRQV� IRU� :KROHVDOH� 3ULFH� ,QGH[�

�:3,�� DQG� &RQVXPHU� 3ULFH� ,QGH[� �&3,�� LQIODWLRQ� LQ� UHVSRQVH� WR� D� RQH� VWDQGDUG�
GHYLDWLRQ�LQQRYDWLRQ�WR�H[FKDQJH�UDWH��7KH�WZR�GDVKHG�OLQHV�VKRZ�WKH�WZR�VWDQGDUG�
HUURU� EDQG� IRU� WKH� LPSXOVH� UHVSRQVHV� ZKLFK� DUH� FDOFXODWHG� E\� 0RQWH� &DUOR�
VLPXODWLRQV� ZLWK� ����� UHSHWLWLRQV�� 7KH� ILUVW� WKLQJ� WR� QRWLFH� LV� WKDW� WKH� LPSDFW�
UHVSRQVH� RI�:3,� LQIODWLRQ� LV� KLJKHU� WKDQ� WKDW� RI� &3,� LQIODWLRQ�� 7KLV� LV� LQWXLWLYHO\�
�����������������������������������������������������������ç 8!9#é�íNì ÿò;:3î�ñ ï*ö�ì î�ì û ö�ì û ó�ö%ý0ò-û ô(õé�ö\ò1êé*î�ö
ö���ô(õ�ì û é�ê�ö%í ò<��î�í�ï�û ê���ì ÿò1ÿé�ô�é�ö��ò�ï�î�ö�ì û ó�û ì �&é�÷Qì ÿò)ò�í í é�íQì ò�í ô&ö	
�9ÿò�í ò�÷ é�í ò%ý0ò���ö\ò%ì ÿò%ÿò�ì ò�í é�ö��ò�ï�î�ö�ì û ó�û ì �1í é�ð���ö�ì�:3î�ñ ï1ì ò�ö�ì 
ç =�>�ê�ï�í ò�ý1öNî�ê�ï1ù�ñ é�ðò�í ��ò�í!��� á�á�â %�ï�ò�í�û ?�ò.é�õ�ì û ô&î�ñ û ì �1í ò�ö��ñ ì öQ÷ é�í9ì ÿò.ñ î�ö�ì�ì ý0é-ö�ì î�ì û ö�ì û ó�ö	
ç @A9#é�í9ì ÿò�î	?�ò�í�î<��ò%ì ò�ö�ì�ö�ì î�ì û ö�ì û ó�û ì�û ö�õé�ö
ö
û ðñ ò%ì é1í ò B
ò�ó�ì�ì ÿò%ê��ñ ñ�ÿ���õé�ì ÿò�ö
û öNî�ìC�<"1õò�í�ó�ò�ê�ì�ó�é�ê÷ û ï�ò�ê�ó�ò.ñ ò	?�ò�ñ 
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SODXVLEOH� VLQFH� RQH�ZRXOG� H[SHFW� WR� VHH� D�PRUH� GLUHFW� HIIHFW� RI� LPSRUW� SULFHV� RQ�
ZKROHVDOH� SULFHV� DV� ZHOO� DV� D� ODUJHU� VKDUH� RI� LPSRUWHG� SURGXFWV� LQ� WKH� ZKROHVDOH�
SULFH�LQGH[��)RU�ERWK�PHDVXUHV�RI�LQIODWLRQ�WKH�SHDN�RI�WKH�UHVSRQVH�WR�WKH�H[FKDQJH�
UDWH�VKRFN�LV�REVHUYHG�LQ�WKH�ILUVW�SHULRG�DQG�GXULQJ�VXEVHTXHQW�SHULRGV�WKH�LPSXOVH�
UHVSRQVHV� VORZO\� WHQG� WRZDUGV� ]HUR�� )LJXUH� �E� SORWV� WKH� SDVV�WKURXJK� FRHIILFLHQWV�
IRU�GLIIHUHQW�WLPH�SHULRGV�DIWHU�WKH�VKRFN��)RU�:3,�LQIODWLRQ��FRQWHPSRUDQHRXV�SDVV�
WKURXJK� LV� DSSUR[LPDWHO\� ��� SHUFHQW� RI� WKH� LPPHGLDWH� H[FKDQJH� UDWH� FKDQJH�� )RU�
&3,� LQIODWLRQ�WKH�VDPH�PHDVXUH�LV����SHUFHQW��$IWHU�DERXW�HLJKW�PRQWKV�WKH�HIIHFWV�
RI�H[FKDQJH� UDWH� VKRFN� LV�RYHU� IRU�ERWK�PHDVXUHV�RI� LQIODWLRQ�DQG�RQO\����SHUFHQW�
DQG� ��� SHUFHQW� RI� WKH� H[FKDQJH� UDWH� VKRFN� LV� SDVVHG� WR� :3,� LQIODWLRQ� DQG� &3,�
LQIODWLRQ�UHVSHFWLYHO\��)UDFWLRQ�RI�WUDGDEOHV�LQ�WKH�&3,�XVHG�LV����SHUFHQW�ZKLFK�FDQ�
EH�WUHDWHG�DV�DQ�XSSHU�ERXQG�IRU�WKH�SDVV�WKURXJK�WR�WKLV�LQGH[���

*LYHQ�WKH�SDVV�WKURXJK�HVWLPDWHV�IRU�&3,�LQIODWLRQ��LW� LV�XVHIXO�WR�FRQVLGHU�SDVV�
WKURXJK�WR�WUDGDEOH�DQG�QRQ�WUDGDEOH�FRPSRQHQWV�RI�WKLV�LQGH[��)LJXUH��D�VKRZV�WKH�
LPSXOVH� UHVSRQVHV� IRU� LQIODWLRQ� UDWHV� PHDVXUHG� E\� WKH� QRQ�WUDGDEOH� DQG� WUDGDEOH�
FRPSRQHQWV� RI� &3,�� 7KH� LPSDFW� HIIHFW� RI� QRQ�WUDGDEOH� PRQWKO\� &3,� LQIODWLRQ� LV�
ORZHU� DW� ���� SHUFHQW�ZKHUHDV� IRU� WUDGDEOH�&3,� LQIODWLRQ� LW� LV� DW� ����� SHUFHQW�� 7KH�
UHVSRQVH�RI�WUDGDEOH�&3,�LQIODWLRQ�LV�KLJKHU�DW�DOO�SRLQWV�DIWHU�WKH�VKRFN��,Q�WHUPV�RI�
WKH� SHUVLVWHQFH� RI� WKH� UHVSRQVHV�ZH� REVHUYH� QR� VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ� WKH�
WZR�FRPSRQHQWV��7KH�SDVV�WKURXJK�FRHIILFLHQWV��)LJXUH��E��VKRZ�WKDW�LQ�WKH�PRQWK�
RI� WKH� VKRFN�� WKH� SDVV�WKURXJK� WR� WUDGDEOH� DQG� QRQ�WUDGDEOH� &3,� LQIODWLRQ� DUH� ���
SHUFHQW� DQG� �� SHUFHQW� UHVSHFWLYHO\�� 7KH� GLIIHUHQFH� LQ� SDVV�WKURXJK� FRHIILFLHQWV�
EHWZHHQ� WKH� WZR� FRPSRQHQWV� LQFUHDVH� HVSHFLDOO\� GXULQJ� WKH� VHFRQG� DQG� WKLUG�
PRQWKV��)RU� WKH� WUDGDEOH�FRPSRQHQW�RI�&3,� WKH�HIIHFWV�RI� WKH�H[FKDQJH�UDWH�VKRFN�
DUH� UHIOHFWHG� LQ� SULFHV� DIWHU� �� PRQWKV� ZKHUHDV� IRU� WKH� QRQ�WUDGDEOH� FRPSRQHQW� LW�
WDNHV����PRQWKV��)RU�WUDGDEOH�&3,�LQIODWLRQ����SHUFHQW�RI�WKH�FXPXODWLYH�H[FKDQJH�
UDWH�VKRFN� LV�SDVVHG� WR�SULFHV�DQG�IRU�QRQ�WUDGDEOH�&3,� LQIODWLRQ� LW� LV�DV�ORZ�DV����
SHUFHQW���

,Q�DGGLWLRQ� WR� WKH�SDVV�WKURXJK� WR�&3,�DQG�:3,��RQH�PLJKW�ZDQW� WR� ORRN�DW� WKH�
LPSOLFDWLRQV� RI� DQ� H[FKDQJH� UDWH� VKRFN� IRU� ,PSRUW� 3ULFH� ,QGH[� �03,��� )LJXUH� ��
VKRZV�WKH�LPSXOVH�UHVSRQVHV�IRU�WKH�JHQHUDO�03,�DQG�VRPH�RI�LWV�FRPSRQHQWV��7KH�
LPSXOVH�UHVSRQVHV�REWDLQHG�IRU�03,�LQIODWLRQ�DUH�VRPHZKDW�GLVDSSRLQWLQJ�VLQFH�WKH�
LPSXOVH� HIIHFW� LV� RI� WKH� ZURQJ� VLJQ� DQG� DIWHU� DERXW� WKUHH�PRQWKV� WKH� UHVSRQVH� LV�
FORVH�WR�]HUR�IRU�DOO�WKH�FRPSRQHQWV��$QRWKHU�WKLQJ�WR�QRWLFH�DERXW�WKH�UHVSRQVHV�IRU�
WKHVH�GLIIHUHQW�LPSRUW�SULFH�LQGLFHV�LV�WKDW�WKH�LPSXOVH�UHVSRQVHV�DUH�HVWLPDWHG�ZLWK�
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D�VLJQLILFDQWO\�KLJKHU�VWDQGDUG�HUURU��)RU�PDQ\�RI�WKHP�LW�LV�QRW�SRVVLEOH�WR�LGHQWLI\�
WKH�VLJQ�RI�WKH�LPPHGLDWH�LPSXOVH���

2QH�RI�WKH�TXHVWLRQV�RI�LQWHUHVW�IRU�7XUNH\�LV�ZKHWKHU�WKHUH�LV�D�VWUXFWXUDO�FKDQJH�
LQ� WKH�SDVV�WKURXJK� WR�SULFHV�DIWHU� WKH� IORWDWLRQ�RI� WKH�7XUNLVK�/LUD� LQ�)HEUXDU\�RI�
������$OWKRXJK�WKHUH�LV�UHODWLYHO\�VPDOO�DPRXQW�RI�GDWD�IRU�WKH�SRVW�IORWDWLRQ�SHULRG�
LW�PLJKW�VWLOO�EH�LQVWUXFWLYH�WR�HVWLPDWH�WKH�VDPH�9$5�XVLQJ�RQO\�GDWD�IURP�SUH�DQG�
SRVW� IORWDWLRQ� SHULRGV� DQG� DQDO\]H� DQ\� GLIIHUHQFHV� DFURVV� WKHVH� SHULRGV� LQ� WKH�
LPSXOVH� UHVSRQVHV� DQG� SDVV�WKURXJK� FRHIILFLHQWV�� )LJXUH� �� FRPSDUHV� WKH� LPSXOVH�
UHVSRQVHV�RI�:3,�DQG�&3,�LQIODWLRQ�IRU�WKH�WZR�SHULRGV��7KH�ILUVW�WKLQJ�WR�QRWLFH�LV�
WKDW� WKH� UHVSRQVH� RI� ERWK� :3,� DQG� &3,� LQIODWLRQ� LV� KLJKHU� IRU� WKH� SUH�IORWDWLRQ�
SHULRG��7KH�SRVW�IORWDWLRQ�SHULRG�LV�QRW�HVWLPDWHG�ZLWK�KLJK�DFFXUDF\�HVSHFLDOO\�WKH�
LPSXOVH�UHVSRQVH�RI�&3,�LQIODWLRQ�LV�QRW�YHU\�UHOLDEOH�HYHQ�IRU�WKH�VKRUWHU�KRUL]RQ��
,Q�WHUPV�RI�SHUVLVWHQFH�RI�WKH�HIIHFWV�ZH�REVHUYH�QR�VLJQLILFDQW�GLIIHUHQFHV��$QRWKHU�
GLIIHUHQFH�EHWZHHQ�WKHVH�WZR�SHULRGV�LV�WKH�IDFW�WKDW�IRU�ERWK�:3,�DQG�&3,�LQIODWLRQ�
WKH� SHDN� HIIHFW� LV� REVHUYHG� LQ� WKH� VHFRQG� PRQWK� IRU� WKH� SRVW�IORWDWLRQ� SHULRG�
ZKHUHDV� LQ� WKH� SUH�IORWDWLRQ� SHULRG� WKH� SHDN� HIIHFW� LV� REVHUYHG� LQ� WKH� ILUVW�PRQWK��
/RRNLQJ�DW�WKH�SDVV�WKURXJK�FRHIILFLHQWV�ZH�REVHUYH�WKDW�IRU�ERWK�:3,�DQG�&3,�WKH�
HYHQWXDO� SDVV�WKURXJK� WR� SULFHV� LV� ORZHU� DQG� PRUH� JUDGXDO� IRU� WKH� SRVW�IORWDWLRQ�
SHULRG��7KH�HYHQWXDO�SDVV�WKURXJK�LV����DQG����SHUFHQW�IRU�:3,�DQG�&3,�LQIODWLRQ�
GXULQJ�WKH�SUH�IORWDWLRQ�SHULRG��)RU�WKH�SRVW�IORWDWLRQ�SHULRG�WKH�VDPH�PHDVXUHV�DUH�
RQO\� ��� DQG� ��� SHUFHQW� UHVSHFWLYHO\�� 7KH� SDVV�WKURXJK� LV� FRPSOHWH� LQ� ��� DQG� ���
PRQWKV�IRU�:3,�DQG�&3,�IRU�WKH�SRVW�IORWDWLRQ�SHULRG�ZKHUHDV�IRU�WKH�SUH�IORWDWLRQ�
SHULRG� WKH� SDVV�WKURXJK� LV� FRPSOHWH� ZLWKLQ� ��� PRQWKV� IRU� ERWK� :3,� DQG� &3,�
LQIODWLRQ���
�������1RQ�/LQHDU�0RGHO�

,Q� WKLV� VHFWLRQ�ZH�ZLOO� GLVFXVV� WKH� QDWXUH� DQG� H[WHQW� RI� SDVV�WKURXJK� WR� SULFHV�
HVWLPDWHG�XVLQJ�WKH�QRQ�OLQHDU�PRGHO�GLVFXVVHG�LQ�6HFWLRQ������$V�PHQWLRQHG�EHIRUH�
ZH�FRQVLGHU���GLIIHUHQW� WKUHVKROG�YDULDEOHV�WKDW�LGHQWLI\�WZR�GLIIHUHQW�UHJLPHV��:H�
SUHVHQW� WKH� LPSXOVH� UHVSRQVH� IXQFWLRQV� DQG�SDVV�WKURXJK�FRHIILFLHQWV� IRU�:3,�DQG�
&3,�LQIODWLRQ�XQGHU�WKH�WZR�UHJLPHV���
$QQXDO�&KDQJH�LQ�,QGXVWULDO�3URGXFWLRQ�,QGH[�

7KH�ILUVW� WKUHVKROG�YDULDEOH� WKDW�ZH�FRQVLGHU�LV�WKH�DQQXDO�SHUFHQWDJH�FKDQJH�LQ�
LQGXVWULDO� SURGXFWLRQ� LQGH[�� 7KH� YDOXH� RI� WKH� WKUHVKROG� LV� HVWLPDWHG� WR� EH� ������
SHUFHQW�� $W� VRPH� WLPH� W� WKH� HFRQRP\� LV� LQ� WKH� KLJK� RXWSXW� UHJLPH� LI�
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ORZHU� WKDQ� WKH� WKUHVKROG� LV� LGHQWLILHG� DV� D� ORZ� RXWSXW� UHJLPH�� 7KH� IDFW� WKDW� WKH�
WKUHVKROG�WKDW�LV�HVWLPDWHG�LV�VLJQLILFDQWO\�ORZ�LPSOLHV�WKDW�WKH�EHKDYLRU�RI�WKH�SDVV�
WKURXJK�LV�QRW�DV\PPHWULF�DFURVV�SHULRGV�RI�SRVLWLYH�DQG�QHJDWLYH�HFRQRPLF�JURZWK��
$�WKUHVKROG�RI�������SHUFHQW�DQQXDO�FKDQJH�LQ�LQGXVWULDO�SURGXFWLRQ�LQGH[�FDSWXUHV�
WKH� GLIIHUHQFHV� LQ� WKH� SDVV�WKURXJK� GXULQJ� SHULRGV� RI� VLJQLILFDQW� HFRQRPLF�
FRQWUDFWLRQV�� /RRNLQJ� DW� )LJXUH� �� RQH� FDQ� VHH� WKDW� LI� WKH� HFRQRP\� LV� LQ� WKH� ORZ�
UHJLPH� DVVRFLDWHG� ZLWK� D� VLJQLILFDQW� HFRQRPLF� FRQWUDFWLRQ� WKH� HIIHFWV� RI� DQ�
H[FKDQJH� UDWH� VKRFN� DUH� PXFK� OHVV� SHUVLVWHQW�� ,Q� WKH� ORZ� UHJLPH� WKH� LPSXOVH�
UHVSRQVHV�IRU�ERWK�:3,�DQG�&3,�LQIODWLRQ�UHDFK�]HUR�E\�WKH�VL[WK�PRQWK�ZKHUHDV�LQ�
WKH�KLJK�UHJLPH�WKH�H[FKDQJH�UDWH�VKRFN�VWLOO�KDV�DQ�LPSDFW�RQ�SULFHV�HYHQ�DIWHU�RQH�
\HDU��7KH�SDVV�WKURXJK�FRHIILFLHQWV�DOVR� UHIOHFW� WKLV� IDFW��)XUWKHUPRUH�� WKH� OHYHO�RI�
HYHQWXDO� SDVV�WKURXJK� WR� &3,� LV� VLJQLILFDQWO\� KLJKHU� LQ� WKH� KLJK� UHJLPH�� (YHQWXDO�
SDVV�WKURXJK� WR� &3,� LV� ��� SHUFHQW� DQG� ��� SHUFHQW� LQ� WKH� KLJK� DQG� ORZ� UHJLPHV�
UHVSHFWLYHO\��)RU�:3,� WKH�SDVV�WKURXJK� IRU� WKH� WZR� UHJLPHV� DUH�QRW� YHU\�GLIIHUHQW�
ZLWK� ��� SHUFHQW� IRU� WKH� ORZ� UHJLPH� DQG� ��� SHUFHQW� IRU� WKH� KLJK� UHJLPH�� $Q�
LQWHUHVWLQJ�LPSOLFDWLRQ�RI�WKLV�LV�WKH�IDFW�WKDW�WKH�GLVFUHSDQF\�EHWZHHQ�WKH�H[WHQW�RI�
SDVV�WKURXJK�WR�:3,�YHUVXV�&3,�LV�PXFK�ODUJHU�LQ�WKH�ORZ�UHJLPH��,Q�RWKHU�ZRUGV�LQ�
WKH� KLJK� UHJLPH� WKH� SDVV�WKURXJK� WR�:3,� DQG� &3,� DUH� QRW� VLJQLILFDQWO\� GLIIHUHQW�
IURP�HDFK�RWKHU�ZKHUHDV� LQ� WKH� ORZ� UHJLPH� WKH�SDVV�WKURXJK� WR�&3,� LV� ORZHU� WKDQ�
WKDW� LQ�:3,��$V\PPHWULHV� LQ� WKH�SDVV�WKURXJK� WR�SULFHV� DFURVV�SHULRGV�RI�SRVLWLYH�
and negative economic growth are also investigated in Carranza, Galdón�Sánchez 
and Gómez�%LVFDUUL��������IRU�YDULRXV�FRXQWULHV��7KHLU�HVWLPDWH�IRU�7XUNH\�LQGLFDWH�
QR�PDMRU�GLIIHUHQFH�LQ�WKH�SDVV�WKURXJK�FRHIILFLHQWV�EHWZHHQ�SHULRGV�RI�FRQWUDFWLRQV�
DQG�H[SDQVLRQV��7KHLU�UHVXOWV�IRU�7XUNH\�FRQILUP�ZLWK�WKH�UHVXOWV�IURP�WKLV�DQDO\VLV�
VLQFH� WKH� WKUHVKROG� YDULDEOH� HVWLPDWHG� LV� QRW� YHU\� FORVH� WR� ]HUR� SHUFHQW�� 7KH�
DGYDQWDJH�RI� WKH�DSSURDFK�WKDW�LV�XVHG�LQ�WKLV�VWXG\�LV�WKH�IDFW�WKDW�LW�HVWLPDWHV�WKH�
WKUHVKROG� YDULDEOH� DQG� FDQ� GHWHFW� GLIIHUHQFHV� LQ� WKH� EHKDYLRU� RI� WKH� SDVV�WKURXJK�
GXULQJ�RWKHU�SHULRGV�VXFK�DV�VLJQLILFDQW�HFRQRPLF�H[SDQVLRQV�RU�FRQWUDFWLRQV�DV�LQ�
WKH�FDVH�RI�7XUNH\���
$QQXDO�&KDQJH�LQ�([FKDQJH�5DWH�

7KH�VHFRQG�WKUHVKROG�YDULDEOH�WKDW�ZH�FRQVLGHU�LV�WKH�DQQXDO�FKDQJH�LQ�H[FKDQJH�
UDWH�� 7KH� YDOXH� RI� WKH� WKUHVKROG� LV� HVWLPDWHG� WR� EH� ����� SHUFHQW�� 7KHUHIRUH� ZH�
LGHQWLI\� WKH� KLJK� UHJLPH� DV� RQH� LQ� ZKLFK� WKH� GHSUHFLDWLRQ� RI� WKH� 7XUNLVK� /LUD� LV�
KLJKHU�WKDQ������SHUFHQW��/RRNLQJ�DW�)LJXUH���WKH�ILUVW�WKLQJ�WR�QRWLFH�LV�WKH�IDFW�WKDW�
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LQ� WKH� ORZ� UHJLPH� WKH� HIIHFWV�RI� WKH� H[FKDQJH� UDWH� VKRFN� DUH�PRUH�SHUVLVWHQW��7KH�
SHDN�RI�WKH�LPSDFW�IRU�&3,�LV�UHDFKHG�LQ�WKH�VHFRQG�SHULRG�DQG�IRU�:3,�WKH�LPSXOVH�
UHVSRQVHV�GHFOLQH�YHU\�VORZO\��/RRNLQJ�DW�WKH�SDVV�WKURXJK�FRHIILFLHQWV��RQH�RI�WKH�
GLIIHUHQFHV� DFURVV� UHJLPHV� LV� WKH� IDFW� WKDW� WKH� SDVV�WKURXJK� WR� &3,� LV� KLJKHU� WKDQ�
:3,� IRU� WKH� ORZ�GHSUHFLDWLRQ� UHJLPH��$OVR� WKH� FXPXODWLYH�SDVV�WKURXJK� WR�&3,� LV�
WKH� KLJKHVW� REVHUYHG� IRU� DOO� RI� WKH� UHJLPHV� VR� IDU� DW� DURXQG� ��� SHUFHQW� RI� WKH�
FXPXODWLYH�FKDQJH�LQ�H[FKDQJH�UDWH��,Q�FRQWUDVW��LQ�WKH�KLJK�GHSUHFLDWLRQ�UHJLPH�ZH�
REVHUYH� WKDW� WKH� SDVV�WKURXJK� LV� TXLFN� �WKH� HIIHFW� RI� H[FKDQJH� UDWH� VKRFN� LV�
WUDQVPLWWHG� WR� SULFHV� LQ� ��PRQWKV� XQGHU� WKH� KLJK�GHSUHFLDWLRQ� UHJLPH�ZKHUHDV� WKH�
HIIHFWV�RI�H[FKDQJH�UDWH�VKRFN�RQ�SULFHV�DUH�VWLOO�SUHVHQW�DIWHU���\HDUV�XQGHU�WKH�ORZ�
GHSUHFLDWLRQ� UHJLPH�� DQG� WKDW� LW� LV� PDUNHGO\� ORZHU� �WKH� SDVV�WKURXJK� LV� RQO\� ���
SHUFHQW� IRU� &3,� DQG� ��� SHUFHQW� IRU�:3,��� 7KH� QDWXUH� RI� WKLV� DV\PPHWU\� FDQ� EH�
H[SODLQHG� WKURXJK� WKH� �IOLJKW� IURP� TXDOLW\�� DQG� �EDODQFH� VKHHW� HIIHFWV�� FRQFHSWV�
GLVFXVVHG� LQ� 6HFWLRQ� �� ZKHUH� ZKHQ� WKHUH� LV� D� VL]DEOH� GHSUHFLDWLRQ�� WKH� REVHUYHG�
SDVV�WKURXJK�WR�SULFHV�GR�QRW�UHIOHFW�WKH�ELJJHU�VL]H�RI�WKH�GHSUHFLDWLRQ���
$QQXDO�&KDQJH�LQ�,QIODWLRQ�

7KH�WKLUG�WKUHVKROG�YDULDEOH�WKDW�ZH�FRQVLGHU�LV�WKH�DQQXDO�FKDQJH�LQ�LQIODWLRQ�DV�
PHDVXUHG�E\�&3,��7KH� WKUHVKROG� LV� HVWLPDWHG� DV�������SHUFHQW��7KH�KLJK� LQIODWLRQ�
UHJLPH�LQ� WKLV�FDVH� LV�REVHUYHG�ZKHQ�WKH�DQQXDO� LQIODWLRQ�UDWH�LV�KLJKHU�WKDQ�������
SHUFHQW��/RRNLQJ� DW� WKH� LPSXOVH� UHVSRQVHV�GHSLFWHG� LQ�)LJXUH���ZH�VHH� WKDW� LQ� WKH�
KLJK�LQIODWLRQ�UHJLPH�WKH�UHVSRQVH�RI�:3,�DQG�&3,�LQIODWLRQ�DUH�ORZHU�WKDQ�WKRVH�LQ�
WKH� ORZ� LQIODWLRQ� UHJLPH�� ,Q� WKH� VHFRQG�PRQWK� DIWHU� WKH� VKRFN� WKHUH� LV� D� PDUNHG�
GHFOLQH� LQ� UHVSRQVHV� LQ� WKH� KLJK� LQIODWLRQ� UHJLPH�� 7KH� SDVV�WKURXJK� FRHIILFLHQWV�
VKRZ� WKDW� WKH�FXPXODWLYH�SDVV�WKURXJK� LV�KLJKHU� IRU�ERWK�:3,�DQG�&3,� LQ� WKH� ORZ�
LQIODWLRQ� UHJLPH�� 7KLV� LV� LQ� FRQWUDGLFWLRQ� ZLWK� WKH� K\SRWKHVLV� SXW� IRUWK� LQ� 7D\ORU�
������� UHJDUGLQJ� WKH� DV\PPHWULF� HIIHFWV� RI� H[FKDQJH� UDWHV� GXULQJ� SHULRGV� RI�KLJK�
DQG�ORZ�LQIODWLRQ��2QH�H[SODQDWLRQ�IRU�WKLV�UHVXOW�LV�WKDW�WKH�WKUHVKROG�REWDLQHG�ZLWK�
WKH�LQIODWLRQ�YDULDEOH�PLJKW�DFWXDOO\�EH�FDSWXULQJ�WKH�HIIHFW�RI�DQRWKHU�YDULDEOH�WKDW�
LV�FRUUHODWHG�ZLWK�LQIODWLRQ���
0DJQLWXGH�RI�$QQXDO�&KDQJH�LQ�([FKDQJH�5DWH�

7KH� ODVW� WKUHVKROG� YDULDEOH� WKDW� ZH� XVH� WULHV� WR� FDSWXUH� WKH� PDJQLWXGH� RI� WKH�
DQQXDO� FKDQJH� LQ� H[FKDQJH� UDWH�� 7KLV� LV� WR� LQYHVWLJDWH� ZKHWKHU� RQH� REVHUYHV�
GLIIHUHQW� HIIHFWV� RI� H[FKDQJH� UDWHV� RQ� SULFHV� GXULQJ� SHULRGV� RI� ELJ� YHUVXV� VPDOO�
FKDQJHV� LQ� H[FKDQJH� UDWHV�� 7KH� SDUWLFXODU� YDULDEOH� WKDW� LV� XVHG� LQ� WKLV� SDSHU�
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PHDVXUHV�WKH�GHYLDWLRQ�RI�WKH�DQQXDO�FKDQJH�LQ�H[FKDQJH�UDWHV�DW�D�SDUWLFXODU�WLPH�W�
IURP� LWV� VDPSOH�PHDQ�PHDVXUHG� LQ� WHUPV� RI� WKH� VWDQGDUG� GHYLDWLRQ� RI� FKDQJHV� LQ�
H[FKDQJH�UDWH�REVHUYHG�LQ�WKH�VDPSOH��7KH�YDOXH�RI�WKH�WKUHVKROG�HVWLPDWHG�LV�������
:H�LGHQWLI\�D�ELJ�FKDQJH�UHJLPH�DV�RQH�ZKHUH�WKH�GHYLDWLRQ�RI�WKH�DQQXDO�FKDQJH�LQ�
H[FKDQJH�UDWH�LV�PRUH�WKDQ������VWDQGDUG�GHYLDWLRQV�IURP�WKH�PHDQ��7KLV�LPSOLHV�D�
UHJLPH�VZLWFK�ZKHQ�WKH�DQQXDO�FKDQJH�LQ�H[FKDQJH�UDWH�LV�PRUH�WKDQ�������SHUFHQW�
RU�OHVV�WKDQ�������SHUFHQW��)LJXUH����VKRZV�WKH�LPSXOVH�UHVSRQVHV�IRU�:3,�DQG�&3,�
XQGHU� ELJ� DQG� VPDOO� FKDQJH� UHJLPHV�� 7KH� UHVSRQVH� RI�:3,� LQIODWLRQ� LV� VRPHZKDW�
PRUH� SHUVLVWHQW� XQGHU� WKH� ORZ� UHJLPH� ZKHUH� WKH� SDVV�WKURXJK� LV� FRPSOHWH� LQ� ���
PRQWKV��)RU�&3,�LQIODWLRQ�ODUJHU�H[FKDQJH�UDWH�FKDQJHV�SDVV�WKURXJK�WR�SULFHV�RYHU�
D� ORQJHU� WLPH� SHULRG� RI� ��� PRQWKV�� $SSUR[LPDWHO\� ��� SHUFHQW� RI� WKH� FXPXODWLYH�
H[FKDQJH�UDWH�FKDQJH�LV�SDVVHG�WR�:3,�DQG����SHUFHQW�RI�LW�LV�SDVVHG�WR�&3,�LQ�WKH�
VPDOO�FKDQJH�UHJLPH��7KH�VDPH�PHDVXUHV�IRU�WKH�ELJ�FKDQJH�UHJLPH�DUH����SHUFHQW�
DQG� ��� SHUFHQW� UHVSHFWLYHO\�� 7KH� ORZHU� SDVV�WKURXJK� FRHIILFLHQWV� IRU� ODUJHU�
H[FKDQJH�UDWH�FKDQJHV�FDQ�EH�H[SODLQHG�WR�WKH�H[WHQW�WKDW�ILUPV�PLJKW�EH�LGHQWLI\LQJ�
ODUJH� FKDQJHV� DV� WHPSRUDU\� FKDQJHV�� )XUWKHUPRUH�� DV� PHQWLRQHG� HDUOLHU� LW� LV� QRW�
SRVVLEOH�WR�UHMHFW�WKH�QXOO�K\SRWKHVLV�RI�OLQHDULW\�DW�UHDVRQDEOH�FRQILGHQFH�OHYHOV�IRU�
WKLV�WKUHVKROG�YDULDEOH���
���'LVFXVVLRQ�

7DEOH� �� FRPSDUHV� WKH� UHVXOWV� REWDLQHG� UHJDUGLQJ� WKH� QDWXUH� RI� SDVV�WKURXJK�
DFURVV�GLIIHUHQW�VSHFLILFDWLRQV��/RRNLQJ�DW�WKH�EHQFKPDUN�VSHFLILFDWLRQ�WKH�HYHQWXDO�
SDVV�WKURXJK� WR� :3,� DQG� &3,� LV� FDOFXODWHG� DV� ��� SHUFHQW� DQG� ��� SHUFHQW� RI� WKH�
FKDQJH� LQ� H[FKDQJH� UDWH�� 7KLV� LV� VRPHZKDW� ORZHU� WKDQ� WKH� HVWLPDWHV� REWDLQHG� LQ�
/HLJK�DQG�5RVVL���������2QH�RI�WKH�UHDVRQV�EHKLQG�WKH�ORZHU�SDVV�WKRXJK�HVWLPDWHG�
LQ�WKLV�SDSHU�LV�WKH�IDFW�WKDW�ZH�WDNH�LQWR�DFFRXQW�WKH�LPSDFW�RI�PRQHWDU\�SROLF\�RQ�
SDVV�WKURXJK� ZLWK� WKH� LQFOXVLRQ� RI� LQWHUHVW� UDWH� LQ� WKH� 9$5�� 7KLV� ORZHUV� WKH�
FDOFXODWHG�SDVV�WKURXJK��:H�DOVR� LQFOXGH�GDWD�DIWHU������ZKLFK�FRQWULEXWHV� WR� WKLV�
GLIIHUHQFH��7KH� YDULDWLRQ� LQ� WKH�PHDVXUHG�SDVV�WKURXJK�DFURVV�GLIIHUHQW� UHJLPHV� LV�
VWULNLQJ� IRU� ERWK�:3,� DQG� &3,�� )RU� ERWK�:3,� DQG� &3,�� WKH� ELJJHVW� TXDQWLWDWLYH�
GLIIHUHQFHV� LQ� WKH� DPRXQW� RI� SDVV�WKURXJK� DFURVV� UHJLPHV� LV� REVHUYHG� IRU� WKH�
UHJLPHV� GHWHUPLQHG� E\� DQQXDO� FKDQJH� LQ� H[FKDQJH� UDWH� DQG� DQQXDO� LQIODWLRQ��
'LIIHUHQFHV� LQ� WKH�DPRXQW�RI� WLPH� LW� WDNHV�IRU� WKH�FKDQJHV� LQ�H[FKDQJH�UDWHV� WR�EH�
UHIOHFWHG� LQ� SULFHV� DUH� PRUH� VWULNLQJ� EHWZHHQ� UHJLPHV� GHWHUPLQHG� E\� WKH� DQQXDO�
FKDQJH�LQ�H[FKDQJH�UDWH�DQG�WKH�DQQXDO�FKDQJH�LQ�LQGXVWULDO�SURGXFWLRQ�LQGH[���

�
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)LJXUHV� ��� WKURXJK� ��� SORW� WKH� WKUHVKROG� YDULDEOHV� DFURVV� WLPH� IRU� WKH� VDPSOH�

SHULRG� XVHG� LQ� WKH� HVWLPDWLRQ�� 7KLV� KHOSV� RQH� GHWHFW� WKH� SDUWLFXODU� UHJLPHV�
FRUUHVSRQGLQJ�WR�GLIIHUHQW�SHULRGV��)RU�H[DPSOH�RQH�FDQ�FRPSDUH�WKH�FODVVLILFDWLRQ�
RI�D�SDUWLFXODU� WLPH�SHULRG�XQGHU�GLIIHUHQW� WKUHVKROG�YDULDEOHV��/RRNLQJ�DW� WKH�ILUVW�
WKUHVKROG�YDULDEOH��WKH�ILUVW�WKLQJ�WR�QRWLFH�LV�WKDW�WKLV�YDULDEOH�RQO\�LGHQWLILHV�WKH�ELJ�
HFRQRPLF� FRQWUDFWLRQV�� 0RUH� VSHFLILFDOO\� WKH� RQH� \HDU� SHULRG� LPPHGLDWHO\�
IROORZLQJ� WKH������DQG������FULVHV�DUH�FDSWXUHG�DV�ORZ�SDVV�WKURXJK�SHULRGV��7KH�
SHULRG� EHWZHHQ� WKH� WZR� FULVLV� DQG� WKH�SHULRG� DIWHU� �����DUH� FODVVLILHG� DV� WKH�KLJK�
SDVV�WKURXJK� UHJLPHV�� &RQVLGHU� QRZ� WKH� KLVWRULFDO� UHJLPHV� LGHQWLILHG� ZLWK� WKH�
DQQXDO� LQIODWLRQ� YDULDEOH�� 7KLV� YDULDEOH� GLYLGHV� WKH� VDPSOH� DV� SUH������ DQG� SRVW�
����� LQ� LGHQWLI\LQJ� ��PDMRU� UHJLPHV��+HUH� SUH������ SHULRG� LV� FODVVLILHG� DV� D� ORZ�
SDVV�WKURXJK�SHULRG�DQG�WKH�RSSRVLWH�LV�WUXH�IRU�WKH�SRVW������SHULRG��$V�PHQWLRQHG�
EHIRUH�WKH�LQIODWLRQ�YDULDEOH�FRXOG�EH�FDSWXULQJ�WKH�HIIHFW�RI�DQRWKHU�YDULDEOH�WKDW�LV�
FRUUHODWHG�ZLWK�LQIODWLRQ��$QRWKHU�WKLQJ�WR�QRWLFH�DERXW�WKLV�ILJXUH�LV�WKH�IDFW�WKDW�WKH�
SRVW�IORWDWLRQ�SHULRG�FDQ�EH�FKDUDFWHUL]HG�DV�D�VRPHZKDW�GLVWLQFW�SHULRG�LQ�WHUPV�RI�
WKH� EHKDYLRU� RI� LQIODWLRQ��:H� DOVR� NQRZ� WKDW� WKH� SDVV�WKURXJK� HVWLPDWHG� IRU� WKLV�
SDUWLFXODU�SHULRG�LV�ORZHU�WKDQ�WKH�SUH�IORWDWLRQ�SHULRG��$VVXPLQJ�WKDW�LQIODWLRQ�ZLOO�
FRQWLQXH�WR�GHFUHDVH�RYHU�WKH�QH[W�FRXSOH�RI�\HDUV��DQ�LQWHUHVWLQJ�H[SHULPHQW�ZRXOG�
EH� WR� HVWLPDWH� D�79$5�FRQWDLQLQJ� WKUHH� UHJLPHV�ZLWK� WZR�RU� WKUHH�PRUH�\HDUV�RI�
GDWD��,W�LV�YHU\�OLNHO\�WKDW�RQH�ZRXOG�ILQG�VWURQJ�HYLGHQFH�IRU�WKH�H[LVWHQFH�RI�WKUHH�
GLVWLQFW� UHJLPHV�� 7KH� DQQXDO� FKDQJH� LQ� H[FKDQJH� UDWH� YDULDEOH� LGHQWLI\� WKH� SRVW�
FULVLV� SHULRGV� DV� SHULRGV� ZLWK� ORZ� SDVV�WKURXJK� DQG� VLPLODU� WR� WKH� GLYLGH� LQ� WKH�
VDPSOH�SHULRG�WKURXJK�WKH�LQIODWLRQ�WKUHVKROG�RQH�FDQ�LGHQWLI\�WKH�SRVW������SHULRG�
DV� D� SHULRG�ZLWK� UHODWLYHO\� KLJKHU� SDVV�WKURXJK��/RRNLQJ� DW� WKH� UHJLPHV� LGHQWLILHG�
WKURXJK�ELJ�YHUVXV�VPDOO�FKDQJHV�LQ�H[FKDQJH�UDWH�ZH�REVHUYH�D�VSOLW�LQ�WKH�VDPSOH�
DIWHU� WKH� IORWDWLRQ� RI� WKH� 7XUNLVK� OLUD��+HUH� WKH� SRVW�IORWDWLRQ� SHULRG� LV� DVVRFLDWHG�
ZLWK�ORZHU�SDVV�WKURXJK���

7R� VXPPDUL]H�� WKH� NLQG� RI� DV\PPHWULHV� REVHUYHG� LQ� WKH� H[FKDQJH� UDWH� SDVV�
WKURXJK� WR� :3,� DQG� &3,� LQIODWLRQ� LQ� 7XUNH\� LQGLFDWH� WKDW� SHULRGV� RI� VLJQLILFDQW�
FRQWUDFWLRQV� LQ�RXWSXW��KLJKHU� OHYHOV�RI�GHSUHFLDWLRQ��KLJKHU� OHYHOV�RI� LQIODWLRQ�DQG�
ELJJHU� FKDQJHV� LQ� H[FKDQJH� UDWHV� DUH� DVVRFLDWHG� ZLWK� ORZHU� SDVV�WKURXJK��
4XDQWLWDWLYH� GLIIHUHQFHV� DFURVV� UHJLPHV� DUH� QRW� YHU\� VLJQLILFDQW� IRU� WKH� UHJLPHV�
LGHQWLILHG�WKURXJK�WKH�FKDQJH�LQ�LQGXVWULDO�SURGXFWLRQ�LQGH[��)RU�WKH�ODWWHU�WKUHVKROG�
YDULDEOH� LW� LV� QRW� SRVVLEOH� WR� UHMHFW� WKH� QXOO� K\SRWKHVLV� RI� OLQHDULW\� LQ� WKH� :3,�
LQIODWLRQ�HTXDWLRQ�DW�UHDVRQDEOH�VLJQLILFDQFH�OHYHOV���
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���&RQFOXVLRQ�
�����0RGHOLQJ�$V\PPHWULHV�

7KLV�SDSHU�SURYLGHG�HYLGHQFH� IRU� WKH�H[LVWHQFH�RI�DV\PPHWULHV� LQ� WKH�H[FKDQJH�
UDWH�SDVV�WKURXJK� WR�GRPHVWLF�SULFHV�DV�PHDVXUHG�ZLWK�:KROHVDOH�3ULFH� ,QGH[�DQG�
&RQVXPHU� 3ULFH� ,QGH[�� 7KH� HPSLULFDO� PRGHO� XVHG� LQ� WKLV� SDSHU� ORRNHG� IRU�
DV\PPHWULHV� XVLQJ� D�79$5�PRGHO�ZLWK� WZR� UHJLPHV��$V�PHQWLRQHG� LQ� 6HFWLRQ����
79$5�PRGHOV� FRQVWLWXWH� RQO\� RQH� RI� WKH� SRVVLELOLWLHV� DYDLODEOH� IRU� WKH� UHVHDUFKHU�
LQWHUHVWHG�LQ�LQYHVWLJDWLQJ�DV\PPHWULHV��,QGHHG�VRPH�RI�WKH�UHVXOWV�REWDLQHG�LQ�WKLV�
SDSHU� KLQW� WKDW� ORRNLQJ� IRU� PRUH� WKDQ� WZR� UHJLPHV� FDQ� EH� PRUH� DSSURSULDWH�
HVSHFLDOO\� DV� PRUH� UHFHQW� GDWD� EHFRPHV� DYDLODEOH�� )XUWKHUPRUH�� LW� ZRXOG� EH�
LQVWUXFWLYH�WR�FRQVLGHU�D�ZLGHU�DQG�OHVV�UHVWULFWLYH�PRGHOLQJ�DSSURDFK��)RU�H[DPSOH��
RQH�FDQ�XVH�ODJV�RI�WKH�YDULDEOHV�XVHG�DV�WKUHVKROGV�WR�GHWHUPLQH�UHJLPHV��DOORZ�IRU�
D� KHWHURJHQHRXV� YDULDQFH�FRYDULDQFH� PDWUL[� RI� WKH� HUURU� WHUPV� DFURVV� UHJLPHV��
FRQVLGHU� RWKHU� WKUHVKROG� YDULDEOHV� VXFK� DV� WKH�GHJUHH�RI�RSHQQHVV� DQG� WKH� FXUUHQW�
DFFRXQW�GHILFLW�DQG�ILQDOO\�RQH�FDQ�XVH�6PRRWK�7UDQVLWLRQ�9$5�PRGHOV�LQ�PRGHOLQJ�
WKH� DV\PPHWULHV� LQ� QDWXUH� DQG� H[WHQW� RI� SDVV�WKURXJK� WR� SULFHV��2YHUDOO�� WKH�PDLQ�
FRQFOXVLRQ� WKDW� HPHUJHV� IURP� WKLV� SDSHU� LV� WKH� IDFW� WKDW� IXWXUH�ZRUN� RQ� H[FKDQJH�
UDWH� SDVV�WKURXJK� LQ� 7XUNH\� VKRXOG� FRQVLGHU� WKH� SRVVLELOLW\� RI� DV\PPHWULHV� LQ� WKH�
SDVV�WKURXJK�DV�ZHOO�DV�RWKHU�RSWLRQV�IRU�PRGHOLQJ�DV\PPHWULHV���
�����,PSOLFDWLRQV�IRU�3ROLF\�

$QRWKHU� FRQFOXVLRQ� WKDW� HPHUJH� IURP� WKLV� SDSHU� FRQFHUQV� RSWLPDO� SROLF\� DV� LW�
UHODWHV�WR�WKH�QDWXUH�RI�SDVV�WKURXJK�WR�SULFHV��7KH�GHJUHH�DQG�LQWHQVLW\�RI�WKH�SDVV�
WKURXJK�LV�FOHDUO\�LPSRUWDQW�IRU�WKH�FRQGXFW�RI�PRQHWDU\�SROLF\��)RU�H[DPSOH��%DOO�
������� DUJXHV� WKDW� RSWLPDO� SROLF\� LQ� DQ� RSHQ� HFRQRP\� VKRXOG� XVH� D� �PRQHWDU\�
FRQGLWLRQV� LQGH[�� WKDW� FRQWDLQV� H[FKDQJH� UDWHV� DQG� LQWHUHVW� UDWHV�� +H� DVVHUWV� WKDW�
LQIODWLRQ� WDUJHWV� DQG� 7D\ORU� UXOHV� DUH� VXERSWLPDO� LQ� DQ� RSHQ� HFRQRP\� IUDPHZRUN�
VLQFH� PRQHWDU\� SROLF\� DIIHFWV� WKH� HFRQRP\� WKURXJK� WKH� H[FKDQJH� UDWH� DV� ZHOO��
$OWKRXJK�%DOO� �������XVHV�D�PRGHO� WKDW�DVVXPHV�IXOO�DQG� LPPHGLDWH�SDVV�WKURXJK��
WKH� SRLQW� WKDW� H[FKDQJH� UDWHV� DQG� WKHLU� HIIHFWV� RQ� SULFHV� DUH� LPSRUWDQW� IRU� SROLF\�
HVSHFLDOO\�LQ�D�VPDOO�RSHQ�HFRQRP\�UHPDLQV��%DOO��������UDLVHV�DQ�LQWHUHVWLQJ�LVVXH�
UHJDUGLQJ� ZKHWKHU� WKH� SROLF\� PDNHUV� VKRXOG� FDUH� DERXW� WKH� YRODWLOLW\� RI� WKH�
H[FKDQJH� UDWHV� DV� DQ� DGGLWLRQDO� IDFWRU� WR� FRQVLGHU� LQ� IRUPXODWLQJ� SROLF\�� $V� %DOO�
������� SRVLWV� WKHUH�PLJKW� EH� UHDO� FRVWV� DVVRFLDWHG�ZLWK� H[FKDQJH� UDWH� IOXFWXDWLRQV�
WKDW� DUH� QRW� UHIOHFWHG� LQ� RXU� FXUUHQW� PRGHO� IUDPHZRUNV�� 2QH� SRVVLEOH� VRXUFH� RI�
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LQHIILFLHQF\� LV� WKH� IDFW� WKDW�FKDQJHV� LQ�H[FKDQJH�UDWHV� LPSO\�UHDOORFDWLRQV�EHWZHHQ�
WUDGDEOH� DQG� QRQ�WUDGDEOH� VHFWRUV� RI� WKH� HFRQRP\� ZKLFK� PLJKW� OHDG� WR�
LQHIILFLHQFLHV�� ,Q� H[SORULQJ� WKHVH� TXHVWLRQV� WKH� H[WHQW� DQG� QDWXUH� RI� SDVV�WKURXJK�
ZLOO�DOVR�EH�LPSRUWDQW���

7KHUH�DUH�VHYHUDO�VWXGLHV�WKDW�GHPRQVWUDWH�WKDW�WKH�QDWXUH�DQG�OHYHO�RI�H[FKDQJH�
UDWH�SDVV�WKURXJK�LV�LPSRUWDQW�IRU�GHWHUPLQLQJ�RSWLPDO�SROLF\�UXOHV�LQFOXGLQJ�WKRVH�
WKDW� HPERG\� VRPH� IRUP�RI� LQIODWLRQ� WDUJHWLQJ��+XQW�DQG� ,VDUG� �������FRQVLGHU� WKH�
LPSOLFDWLRQV� RI� XQFHUWDLQ� H[FKDQJH� UDWH� SDVV�WKURXJK� RQ� WKH� FRQGXFW� RI� RSWLPDO�
monetary policy using IMF’s MULTIMOD model. They conclude that unGHU�
XQFHUWDLQW\� UHJDUGLQJ� WKH� VWUHQJWK� RI� WKH� H[FKDQJH� UDWH� SDVV�WKURXJK�� WKH� RSWLPDO�
SROLF\� LV� WR� RYHUHVWLPDWH� WKH� VWUHQJWK� RI� WKH� SDVV�WKURXJK� DQG� UHVSRQG� PRUH� WR�
H[FKDQJH� UDWH� PRYHPHQWV�� $QRWKHU� V\VWHPDWLF� LQYHVWLJDWLRQ� RI� WKLV� WRSLF� LV�
&XQQLQJKDP�DQG�+DOGDQH���������7KH\�XVH�D�VPDOO�PDFURHFRQRPLF�PRGHO�WR�VWXG\�
KRZ� WKH� RSWLPDO� KRUL]RQ� IRU� WDUJHWLQJ� LQIODWLRQ� IRUHFDVWV� FKDQJH� XQGHU� GLIIHUHQW�
WLPH� GHSHQGHQW� DQG� VWDWH� GHSHQGHQW� SDVV�WKURXJK� DVVXPSWLRQV�� 7KH\� ILQG� WKDW�
LQIODWLRQ� IRUHFDVW� EDVHG� SROLFLHV ã O � SHUIRUP� � EHWWHU� WKDQ� SROLFLHV� WKDW� WDUJHW� FXUUHQW�
LQIODWLRQ�XQGHU�YDULRXV� W\SHV�RI� DVVXPSWLRQV� UHJDUGLQJ� WKH�QDWXUH�RI�SDVV�WKURXJK��
KRZHYHU�WKHUH�DUH�VRPH�GLIIHUHQFHV�DFURVV�WKHVH�DOWHUQDWLYH�VSHFLILFDWLRQV�UHJDUGLQJ�
WKH�RSWLPDO�KRUL]RQ�IRU�LQIODWLRQ�IRUHFDVWV���

,QYHVWLJDWLQJ�WKH�QDWXUH�RI�RSWLPDO�SROLF\�XQGHU�GLIIHUHQW�W\SHV�RI�DV\PPHWULHV�LQ�
WKH� SDVV�WKURXJK� WR� SULFHV� LV� D� QDWXUDO� H[WHQVLRQ� WR� WKH� UHVHDUFK�RQ� HVWLPDWLQJ� WKH�
DV\PPHWULHV� LQ� SDVV�WKURXJK�� )RU� H[DPSOH�� D� ORZHU� OHYHO� RI� SDVV�WKURXJK� DQG�
VPDOOHU� DV\PPHWULHV� LQ� WKH� SDVV�WKURXJK�ZRXOG�PDNH� LPSOHPHQWLQJ� SROLF\� HDVLHU��
)UHTXHQF\� RI� UHJLPH� VZLWFKHV� ZRXOG� DOVR� EH� LPSRUWDQW� LQ� WKH� LPSOLFDWLRQV� RI�
DV\PPHWULHV� IRU� SROLF\�� )XUWKHUPRUH�� RQH� FDQ� H[WHQG� WKH� H[LVWLQJ� OLWHUDWXUH� RQ�
RSWLPDO� SROLF\� UXOHV� XQGHU� PRGHO� DQG� SDUDPHWHU� XQFHUWDLQW\� WR� XQFHUWDLQW\�
UHJDUGLQJ�WKH�QDWXUH�DQG�H[WHQW�RI�DV\PPHWULHV�LQ�WKH�SDVV�WKURXJK���
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���$SSHQGL[�
��� 7HVWLQJ� IRU� /LQHDULW\�� 'HULYDWLRQ� RI� 7KH� 7HVW� 6WDWLVWLFV� DQG� 7KHLU�
$V\PSWRWLF�'LVWULEXWLRQV�

&RQVLGHU�DJDLQ�WKH�V\VWHP�HVWLPDWHG�LQ�(T������
1 1 1 2 1 1( ) ( )T T UVT�U T UVT�U T T T\ F \ \ F \ \ , [ψ ψ φ φ τ τ χ ε∗

− = − −= + + ... + + + ... ≥ + + �

)RU� DQ\� RQH� RI� WKH� HTXDWLRQV� LQ� WKH� 9$5�� ZH� ZDQW� WR� WHVW� ZKHWKHU�
2 1 0W XFφ φ φ 

  
= ... = � ZKHUH� L � LV� WKH� QXPEHU� RI� WKH� SDUWLFXODU� HTXDWLRQ� LQ� WKH�9$5��

+DQVHQ� ������� DSSOLHV� D� ORFDO� WR�QXOO� UHSDUDPHWHUL]DWLRQ�RI� WKH�QXOO� K\SRWKHVLV� WR�
IDFLOLWDWH�WKH�GLVWULEXWLRQDO�WKHRU\�LQ�ZKLFK�KH�XVHV� Y F Qφ = / �ZKHUH� F �LV�D�YHFWRU�
RI� FRQVWDQWV�� 0RUH� VSHFLILFDOO\� ZLWK� WKLV� UHSDUDPHWHUL]DWLRQ� WKH� QXOO� K\SRWKHVLV�
EHFRPHV� 0Z+ F: = ��8QGHU� WKH�QXOO�τ ∗ �GRHV�QRW�H[LVW� DQG� LW� LV�QHFHVVDU\� WR�XVH�
VWDWLVWLFV�WKDW�GR�QRW�UHTXLUH�H[�DQWH�NQRZOHGJH�RI�τ ∗ ���

7KH� WKUHH� WHVW� VWDWLVWLFV� VXJJHVWHG� LQ�+DQVHQ� ������� DUH�� sup sup ( )[ \][7 7τ τ∈= ��
( ) ( )^ ^_DYH7 7 G:τ τ= ∫ � DQG� 1

2exp ln( exp( ( )) ( ))` `a7 7 G:τ τ= ∫ �ZKHUH� * � LV� WKH� VHW�
RI�YDOXHV�WKDW�τ �FDQ�WDNH�DQG�WKH�SDUWLFXODU� b7 �FRQVLGHUHG�LV�WKH�KHWHURVNHGDVWLFLW\�
UREXVW�:DOG�WHVW�JLYHQ�E\���

� * 1ˆ ˆˆ( ) ( ) ( ( ) ) ( )c c7 Q 5 59 5 5τ β τ τ β τ′ ′ −= �

5 � LV� WKH� VHOHFWRU� PDWUL[� IRU� WKH� FRHIILFLHQW� UHVWULFWLRQV�� (̂ )β τ � LV� WKH� 2/6�
FRHIILFLHQW�HVWLPDWHV�RI� WKH�HTXDWLRQ�XQGHU� WKH�DOWHUQDWLYH� IRU�D�JLYHQ�YDOXH�RI� WKH�
WKUHVKROG�� * 1 1ˆ ˆ( ) ( ) ( ) ( )d d d d9 0 9 0τ τ τ τ τ τ− −= , , ��

ZLWK� 1
1( ) ( ) ( )
ee fgf fe0 [ [τ τ τ τ ′
=, = Σ �� (̂ )h9 τ = � ’1

1 ˆ ˆ( ) ( )
ijkj ji V Vτ τ=Σ �

DQG� ˆ(̂ ) ( ) ( )l l lV [τ τ ε τ= ��
+DQVHQ� ������� GHULYHV� WKH� DV\PSWRWLF� GLVWULEXWLRQ� RI� WKHVH� WHVW� VWDWLVWLFV� XQGHU�

WKH�QXOO�K\SRWKHVLV�DQG�WKH�ORFDO�DOWHUQDWLYH��)XUWKHUPRUH��KH�VKRZV�WKDW�XVLQJ�D�WHVW�
EDVHG�XSRQ�WKH�WHVW�VWDWLVWLFV��GHQRWH�E\� mJ ��DQG� 1 ( )

no oS ) J= − �ZKHUH� ( )
p) ⋅ �LV�

WKH� GLVWULEXWLRQ� IXQFWLRQ� RI� pJ � DUH� HTXLYDOHQW� DQG� WKDW� WKH� DV\PSWRWLF� QXOO�
GLVWULEXWLRQ�RI� S � �GHQRWHG�DV� qS �� LV�XQLIRUP�RQ� [ ]0 1, �ZKLFK�PDNHV� WKH� WHVW�RI�
UHMHFWLQJ� WKH� QXOO� K\SRWKHVLV� LI� S α≤ ��ZKHUH� α � LV� WKH� VL]H� RI� WKH� WHVW�� IUHH�RI�
QXLVDQFH�SDUDPHWHUV��$V�D�ILQDO�VWHS��+DQVHQ��������VKRZV�WKDW�RQH�FDQ�JHQHUDWH�WKH�
FRQGLWLRQDO� GLVWULEXWLRQ� IXQFWLRQV� RI� WKH� WHVW� VWDWLVWLFV� XVLQJ� VLPXODWLRQ� WHFKQLTXHV�
ZKHUH�RQH�JHQHUDWHV� D� UDQGRP�VDPSOH� 1( )

rs sJ J,... �ZLWK� M � HOHPHQWV� DQG�RQH�FDQ�
VLPSO\� FDOFXODWH� WKH�SHUFHQWDJH�RI� WKH�REVHUYDWLRQV� LQ� WKLV� VDPSOH� WKDW�H[FHHG� WKH�
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IROORZ� RWKHU� OLWHUDWXUH� WKDW� HPSOR\V� WKH� VDPH� LQIHUHQFH� PHWKRGRORJ\� DQG� XVH�

1000- = �� ,Q�SUDFWLFH�RQH�FDQ�PDNH� - �DUELWUDULO\� ODUJH� WR�REWDLQ�DQ�HYHQ�EHWWHU�
HVWLPDWH�RI�WKH�DFWXDO�S�YDOXH�VWDWLVWLF���
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