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6WDWHPHQW�RI�3XUSRVH

7KH�:RUNLQJ�3DSHU� VHULHV�RI� WKH�2HVWHUUHLFKLVFKH�1DWLRQDOEDQN� LV� GHVLJQHG� WR� GLVVHPLQDWH� DQG� WR
SURYLGH� D� SODWIRUP� IRU� GLVFXVVLRQ� RI� HLWKHU�ZRUN� RI� WKH� VWDII� RI� WKH�2H1%� HFRQRPLVWV� RU� RXWVLGH
FRQWULEXWRUV�RQ�WRSLFV�ZKLFK�DUH�RI�VSHFLDO�LQWHUHVW�WR�WKH�2H1%��7R�HQVXUH�WKH�KLJK�TXDOLW\�RI�WKHLU
FRQWHQW� WKH� FRQWULEXWLRQV� DUH� VXEMHFWHG� WR� DQ� LQWHUQDWLRQDO� UHIHUHHLQJ� SURFHVV�� 7KH� RSLQLRQV� DUH
VWULFWO\�WKRVH�RI�WKH�DXWKRUV�DQG�GR�LQ�QR�ZD\�FRPPLW�WKH�2H1%�

,PSULQW��5HVSRQVLELOLW\�DFFRUGLQJ�WR�$XVWULDQ�PHGLD�ODZ��:ROIGLHWULFK�*UDX��6HFUHWDULDW�RI�WKH�%RDUG

RI�([HFXWLYH�'LUHFWRUV��2HVWHUUHLFKLVFKH�1DWLRQDOEDQN

3XEOLVKHG�DQG�SULQWHG�E\�2HVWHUUHLFKLVFKH�1DWLRQDOEDQN��:LHQ�

7KH�:RUNLQJ�3DSHUV�DUH�DOVR�DYDLODEOH�RQ�RXU�ZHE�VLWH��KWWS���ZZZ�2H1%�FR�DW�



(GLWRULDO

2Q�$SULO� �� �� ��� ����� WKH�2HVWHUUHLFKLVFKH�1DWLRQDOEDQN� KRVWHG� D� MRLQW� (XURFRQIHUHQFH� ZLWK� WKH

&(35�RQ�Å5HDO�([FKDQJH�5DWHV��5HFHQW�7KHRULHV�DQG�(YLGHQFH´��$�QXPEHU�RI�SDSHUV�SUHVHQWHG�DW

WKLV� FRQIHUHQFH� LV� EHLQJ�PDGH� DYDLODEOH� WR� D� EURDGHU� DXGLHQFH� LQ� WKH�:RUNLQJ� 3DSHU� VHULHV� RI� WKH

%DQN��7KLV�YROXPH�FRQWDLQV�WKH�ILIWK�RI�WKHVH�SDSHUV��7KH�ILUVW�IRXU�SDSHUV�ZHUH�LVVXHG�DV�:RUNLQJ

3DSHUV�������

$%675$&7

The evidence for a productivity-based explanation for real exchange rate behavior of
East Asian currencies is examined. Using sectoral output and employment data, relative
prices and relative productivity levels are calculated for China, Indonesia, Japan,
Korea, Malaysia, Philippines, Singapore, Taiwan and Thailand. Time series regressions
of the real exchange rate on relative prices indicate a role for relative prices for
Indonesia, Japan and Korea. When examining real exchange rates and relative
productivity ratios, one finds a relationship for Japan, Malaysia, the Philippines. Only
when augmenting the regressions with real oil prices significant relationships are
obtained for Indonesia and Korea. Relative per capita income, a proxy for preferences
towards services, does not appear to be an important determinant in this sample. Panel
regression results are slightly more supportive of a relative price view of real exchange
rates. However, the panel regressions incorporating productivity variables, as well as
other demand side factors, provide less encouraging results, except for a subset of
countries (Indonesia, Japan, Korea, Malaysia and the  Philippines). Surprisingly,
neither government spending nor the terms of trade appear to be a determinant of
regional real exchange rates.
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1RWH��7KH�YLHZV�H[SUHVVHG�LQ�WKLV�:RUNLQJ�3DSHU�DUH�VWULFWO\�WKRVH�RI�WKH�DXWKRUV�DQG�GR�QRW��LQ�DQ\
ZD\��FRPPLW�WKH�2HVWHUUHLFKLVFKH�1DWLRQDOEDQN�QRU�WKH�&(35�
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7KH� VWXG\� RI� ORQJ� UXQ� UHDO� H[FKDQJH� UDWH� GHWHUPLQDWLRQ� KDV� HQMR\HG� D� UHQDLVVDQFH� LQ

UHFHQW�\HDUV��:LWK�WKH�GHYHORSPHQW�RI�GHWDLOHG�VHFWRUDO�GDWDEDVHV��HFRQRPLVWV�KDYH�EHHQ�DEOH�WR

DQDO\]H�WKH�HPSLULFDO�IRXQGDWLRQV�IRU�SURGXFWLYLW\�EDVHG�PRGHOV�RI�WKH�UHDO�H[FKDQJH�UDWH��VXFK�DV

WKRVH�RI�+DUURG���������%DODVVD��������DQG�6DPXHOVRQ��������

)RU� WKH�GHYHORSHG�FRXQWULHV�� WKH�UHVXUJHQFH�KDV�EHHQ� VSDUNHG�E\� WKH�SXEOLFDWLRQ�RI� WKH

2(&'
V� ,QWHUQDWLRQDO� 6HFWRUDO�'DWD�%DVH� �,6'%��ZKLFK� SURYLGHV� VHFWRUDO� WRWDO� IDFWRU� SURGXFWLYLW\

GDWD�� +RZHYHU�� ZLWK� WKH� H[FHSWLRQ� RI� -DSDQ�� RQH� ZRXOG� QRW� H[SHFW� WKH� +DUURG�%DODVVD�

6DPXHOVRQ��KHUHDIWHU�+%6��HIIHFW�WR�EH�YHU\�DSSDUHQW��

,Q� WKLV� SDSHU�� ,� H[DPLQH� WKH� UHOHYDQFH� RI� WKH� +%6� HIIHFW� LQ� (DVW� $VLDQ� FRXQWULHV� DQG

FRPSDUH�LW�DJDLQVW�WKH�LPSRUWDQFH�RI�RWKHU�HIIHFWV�E\�URXQGLQJ�XS��WKH�XVXDO�VXVSHFWV���VHFWRUDO

SURGXFWLYLW\�OHYHOV��JRYHUQPHQW�VSHQGLQJ�UDWLRV��WKH�UHDO�SULFH�RI�RLO�DQG�WKH�WHUPV�RI�WUDGH��7KH

(DVW�$VLDQ� HFRQRPLHV� DUH� H[DFWO\� WKH� W\SH� IRU�ZKLFK� %DODVVD� SRVLWHG� WKH� UHOHYDQFH� RI� WKH�+%6

HIIHFW��HFRQRPLHV�FKDUDFWHUL]HG�E\�UDSLG�JURZWK��SUHVXPDEO\�GXH�WR�UDSLG�PDQXIDFWXULQJ����DQG

KHQFH�WUDGHG����VHFWRU�SURGXFWLYLW\�JURZWK��+RZHYHU��SDVW�UHVHDUFK�RQ�WKHVH�HFRQRPLHV�KDV�EHHQ

KDPSHUHG� E\� WKH� XQDYDLODELOLW\� RI� � VHFWRUDO� SURGXFWLYLW\� GDWD�� 7KXV�� SUHYLRXV� UHVHDUFKHUV� KDYH

EHHQ� DEOH� WR� H[DPLQH� RQO\� RQH� SRUWLRQ� RI� WKH� RI� WKH�+%6� K\SRWKHVLV� ��� WKDW� UHODWLYH� SULFHV� RI

WUDGHG� WR� QRQWUDGHG� JRRGV� VKRXOG� GHWHUPLQH� LQ� ODUJH� SDUW� UHDO� H[FKDQJH� UDWHV� �H�J��� ,VDUG� DQG

6\PDQVN\�� ����� IRU� WKH� $3(&� FRXQWULHV��� <HW� UHODWLYH� SULFHV� FRXOG� EH� GULYHQ� E\� HLWKHU� WKH

PHFKDQLVP� RXWOLQHG� E\� +%6�� RU� E\� ORQJ� UXQ� GHPDQG� VLGH� IDFWRUV� VXFK� DV� DQ� LQFRPH�HODVWLF

SUHIHUHQFH�IRU�WKH�FRQVXPSWLRQ�RI�QRQWUDGDEOHV��([DPLQDWLRQ�RI�WKH�FRUUHODWLRQ�EHWZHHQ�UHODWLYH

SULFHV�DQG�WKH�UHDO�H[FKDQJH�UDWH�FDQQRW�GLIIHUHQWLDWH�EHWZHHQ�WKH�WZR�H[SODQDWLRQV��

$QRWKHU� VHW� RI� SDSHUV� LQFRUSRUDWHV� WKH� DVVXPSWLRQ� WKDW� RYHUDOO� SURGXFWLYLW\� JURZWK� LV

KLJKO\�FRUUHODWHG�ZLWK�WKH�WUDGDEOH�QRQWUDGDEOH�SURGXFWLYLW\�GLIIHUHQWLDO��H�J���%DKPDQL�2VNRRHH

��������������������������������������������������

�����7KH�DXWKRU�LV�DIILOLDWHG�ZLWK�8QLYHUVLW\�RI�&DOLIRUQLD��6DQWD�&UX]��DQG�1%(5�
�������,Q�IDFW��LW�LV�GLIILFXOW�WR�GHWHFW�HYLGHQFH�LQ�VXSSRUW�RI�SXUHO\�VXSSO\�VLGH�HIIHFWV�RQ�WKH�UHDO�H[FKDQJH�UDWH�LQ�WLPH�VHULHV
GDWD��5DWKHU��RQH�ILQGV�WKDW�GHPDQG�VLGH�VKRFNV��VXFK�DV�JRYHUQPHQW�VSHQGLQJ��PXVW�EH�LQFOXGHG�LI�RQH�LV�WR�ILQG�D�UROH�IRU
WUDGHG�QRQWUDGHG�UHODWLYH�SURGXFWLYLW\�OHYHOV��VHH�'H*UHJRULR�DQG�:ROI��������DQG�&KLQQ�DQG�-RKQVWRQ��������LQ�D�SDQHO
FRQWH[W��

�������%HUJVWUDQG��������WHVWV�D�PRGHO�WKDW�QHVWV�ERWK�WKH�+%6�DQG�/LQGHU��������K\SRWKHVHV��IRU�D�VHW�RI�GHYHORSHG�DQG�OHVV
GHYHORSHG�FRXQWULHV��$FFRPSOLVKLQJ�WKLV�WDVN�UHTXLUHV�PRUH�VSHFLILF�GDWD�WKDQ�LV�DYDLODEOH�RQ�D�WLPH�VHULHV�EDVLV�IRU�WKHVH
SDUWLFXODU�FRXQWULHV�
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DQG�5KHH�������IRU�.RUHD���,�ZLOO�DUJXH�EHORZ�WKDW�WKLV�LV�DQ�LQDSSURSULDWH�DVVXPSWLRQ�ZKLFK�PD\

OHDG�WR�PLVOHDGLQJ�LQIHUHQFHV��+HQFH�D�FRQWULEXWLRQ�RI�WKLV�SDSHU�LV� WR�XVH�GDWD�PRUH�FRQVLVWHQW

ZLWK�WHVWLQJ�WKH�YDOLGLW\�RI�WKH�XQGHUO\LQJ�HFRQRPLF�K\SRWKHVHV�

7KLV�SDSHU�SURFHHGV�LQ�WKH�IROORZLQJ�IDVKLRQ��,Q�6HFWLRQ����WKH�OLWHUDWXUH�RQ�UHDO�H[FKDQJH

UDWHV�LV�UHYLHZHG��7KH�GDWD�DQG�WKH�FRQVWUXFWLRQ�RI�WKH�NH\�YDULDEOHV�DUH�GHVFULEHG�LQ�6HFWLRQ����,Q

VHFWLRQ���WKH�UHODWLRQVKLS�EHWZHHQ�WKH�UHDO�H[FKDQJH�UDWH�DQG�WKH�UHODWLYH�SULFH�RI�WUDGDEOHV�DQG

QRQWUDGDEOHV�LV�UH�H[DPLQHG��6HFWLRQ���LQYHVWLJDWHV�WKH�UROH�RI�VHFWRUDO�SURGXFWLYLW\�GLIIHUHQWLDOV

LQ� WKH� GHWHUPLQDWLRQ� RI� UHDO� H[FKDQJH� UDWHV�� 6HFWLRQ� �� FRQWLQXHV� ZLWK� DQ� DSSOLFDWLRQ� RI� SDQHO

FRLQWHJUDWLRQ� PHWKRGRORJLHV� WR� WKH� WZR� UHODWLRQVKLSV�� 6HFWLRQ� �� FRQFOXGHV�� 7R� DQWLFLSDWH� WKH

UHVXOWV��,�ILQG�WKDW�WKH�UHODWLYH�SULFH�RI�WUDGDEOHV�WR�QRQWUDGDEOHV�H[SODLQV�VRPH��EXW�QRW�DOO��RI�WKH

YDULDWLRQ�LQ�UHDO�H[FKDQJH�UDWHV��ZKLOH�SURGXFWLYLW\�UDWLRV�JHQHUDOO\�GR�DSSHDU�WR�EH�UHODWHG�WR�WKH

UHDO�H[FKDQJH�UDWH��)XUWKHUPRUH��WKH�UHVXOWV�GR�QRW�DSSHDU�WR�EH�PXFK�VWURQJHU�ZKHQ�DSSHDO�LV

PDGH�WR�SDQHO�UHJUHVVLRQ�WHFKQLTXHV�

���0RGHO�'HULYDWLRQ�DQG�/LWHUDWXUH�5HYLHZ

7KH� VWDUWLQJ� SRLQW� IRU�PRVW� LQYHVWLJDWLRQV� RI� WKH� OLQNDJH� EHWZHHQ� WKH� UHODWLYH� SULFH� RI

QRQWUDGDEOHV� DQG� WKH� UHDO� H[FKDQJH� UDWH� UHOLHV� XSRQ� WKH� IROORZLQJ� FRQVWUXFWLRQ�� /HW� WKH� ORJ

DJJUHJDWH� SULFH� LQGH[� EH� JLYHQ� DV� D� ZHLJKWHG� DYHUDJH� RI� ORJ� SULFH� LQGLFHV� RI� WUDGHG� �7�� DQG

QRQWUDGHG��1��JRRGV�
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ZKHUH�α� LV� WKH� VKDUH� RI� QRQWUDGHG� JRRGV� LQ� WKH� SULFH� LQGH[�� 6XSSRVH� IXUWKHU� WKDW� WKH� IRUHLJQ

FRXQWU\
V�DJJUHJDWH�SULFH� LQGH[��S
�� LV�FRQVWUXFWHG�ZLWK� WKH� VDPH�ZHLJKW� DVFULEHG� WR�QRQWUDGHG

JRRGV��8VLQJ�WKH�GHILQLWLRQ�RI�WKH�UHDO�H[FKDQJH�UDWH�DV�
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�ZKHUH�V�LV�WKH�ORJ�RI�WKH�GRPHVWLF�FXUUHQF\�SULFH�RI�IRUHLJQ�FXUUHQF\���WKH�IROORZLQJ�KROGV�
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$OWKRXJK�WKHUH�DUH�PDQ\�DOWHUQDWLYH�GHFRPSRVLWLRQV�WKDW�FDQ�EH�XQGHUWDNHQ��HTXDWLRQ����

LV�WKH�PRVW�UHOHYDQW�VLQFH�PDQ\�HFRQRPLF�PRGHOV�SRLQW�WR�WKH�VHFRQG�WHUP�DV�WKH�GHWHUPLQDQW�RI

WKH�UHDO�H[FKDQJH�UDWH��ZKLOH�WKH�ILUVW�WHUP����WKH�FRPPRQ�FXUUHQF\�UHODWLYH�SULFH�RI�KRPH�DQG

IRUHLJQ� WUDGDEOHV� �T7�� ��� LV� DVVXPHG� WR�EH� ]HUR�E\� SXUFKDVLQJ� SRZHU� SDULW\� �333�� DV� DSSOLHG� WR

WUDGHG� JRRGV�� ([DPLQLQJ� WKH� $VLD�3DFLILF� FXUUHQFLHV�� ,VDUG� DQG� 6\PDQVN\� ������� XQGHUWDNH� D

VOLJKWO\� GLIIHUHQW� GHFRPSRVLWLRQ�ZKLFK� DOORZV� WKH� QRQWUDGHG� VKDUHV� �α
V�� WR� FKDQJH� RYHU� WLPH�

7KH\�REWDLQ�WKH�UHVXOW�WKDW�WKH�ILUVW�WHUP�DFFRXQWV�IRU�DOPRVW�DOO�RI�WKH�PRYHPHQWV�LQ�WKH�UHDO�UDWH

IRU� WKH� &KLQHVH�� ,QGRQHVLDQ�� -DSDQHVH�� 3KLOLSSLQH�� DQG� 7KDL� FXUUHQFLHV�� ,Q� SDUW� WKLV� LV� DQ

XQVXUSULVLQJ�FRQFOXVLRQ��JLYHQ�WKH�UHODWLYHO\�KLJK�YRODWLOLW\�RI�V��ZKLFK�HQWHUV�LQ�WKH�T7�WHUP�

0RVW�UHVHDUFKHUV�KDYH�SURFHHGHG�XQGHU�WKH�DVVXPSWLRQ�WKDW�T7� LV�,����DQG�T� LV�,�����7KLV

LPSOLHV�D�FRLQWHJUDWLQJ�UHODWLRQVKLS�RI�WKH�IRUP�

)]()[( pppp = q *T
t

*N
t

T
t

N
tt −−−α− ���

&KLQQ� �������H[DPLQHV�(DVW�$VLDQ�H[FKDQJH� UDWHV� LQ� WKH� DFFRXQWLQJ� VHQVH�ZKHUH� WKH� DJJUHJDWH

SULFH�LQGH[�LV�E\�FRQVWUXFWLRQ�WKH�ZHLJKWHG�VXP�RI�WUDGDEOHV�DQG�QRQWUDGDEOHV�SULFH�LQGLFHV��DQG

XVLQJ�FRLQWHJUDWLRQ�WHFKQLTXHV�GHWHUPLQHV�WKDW�WKHUH�LV�HYLGHQFH�WKDW�UHODWLYH�SULFHV�RI�WUDGDEOHV

DQG� QRQWUDGDEOHV� GR� H[SODLQ� UHDO� H[FKDQJH� UDWHV� H[FHSW� IRU� WKH� &KLQHVH�� ,QGRQHVLDQ� DQG� 7KDL

FXUUHQFLHV�

,Q� RUGHU� WR�PRYH� EH\RQG� DFFRXQWLQJ� LGHQWLWLHV� RQH� UHTXLUHV� D�PRGHO� VXFK� DV� WKH� +%6

IUDPHZRUN�� 7KH� UHODWLYH� SULFHV� RI� QRQWUDGDEOHV� DQG� WUDGDEOHV� ZLOO� EH� GHWHUPLQHG� VROHO\� E\

SURGXFWLYLW\� GLIIHUHQWLDOV�� XQGHU� WKH� VWULQJHQW� FRQGLWLRQV� WKDW� FDSLWDO� LV� SHUIHFWO\� PRELOH

LQWHUQDWLRQDOO\��DQG�IDFWRUV�RI�SURGXFWLRQ�DUH�IUHH�WR�PRYH�EHWZHHQ�VHFWRUV��6XEVWLWXWLQJ�RXW�IRU

UHODWLYH�SULFHV�\LHOGV�DQRWKHU�FRLQWHJUDWLQJ�UHODWLRQ�
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ZKHUH�DL�LV�WRWDO�IDFWRU�SURGXFWLYLW\��7)3���LQ�VHFWRU�L��DQG�WKH�VHFWRUDO�SURGXFWLRQ�IXQFWLRQV�DUH

DVVXPHG�LGHQWLFDO��(TXDWLRQV�����DQG�����ZLOO�PRWLYDWH�WKH�HPSLULFDO�ZRUN�

:KLOH�WKH�YDULDEOHV�RI�SULPDU\�LQWHUHVW�DUH�WKH�SURGXFWLYLW\�LQGLFDWRUV��LW� LV�REYLRXV�WKDW

RWKHU�IDFWRUV�FDQ�LQIOXHQFH�UHODWLYH�SULFHV��LQFOXGLQJ�GHPDQG�VLGH�LQIOXHQFHV��2QH�VXFK�YDULDEOH�LV

JRYHUQPHQW� VSHQGLQJ�� ,Q� WKH� FRQYHQWLRQDO� LQWHUSUHWDWLRQ�� ZKHUH� JRYHUQPHQW� FRQVXPSWLRQ� LV

WKRXJKW�WR�IDOO�PDLQO\�RQ�QRQWUDGDEOH�JRRGV��VXFK�DV�VHUYLFHV���JRYHUQPHQW�VSHQGLQJ�VKRXOG�UDLVH

WKH�UHODWLYH�SULFH�RI�QRQWUDGDEOH�JRRGV��DQG�KHQFH�DSSUHFLDWH�WKH�GRPHVWLF�FXUUHQF\��%DOYHUV�DQG

%HUJVWUDQG� �����D�E�� KDYH� REVHUYHG� WKDW� WKLV� FRQFOXVLRQ� DULVHV� LI� JRYHUQPHQW� DQG� SULYDWH

FRQVXPSWLRQ�DUH�VXEVWLWXWHV�LQ�WKH�UHSUHVHQWDWLYH�DJHQWV�XWLOLW\�IXQFWLRQ��,I�WKH\�SURYH�LQVWHDG�WR

EH� FRPSOHPHQWV�� WKLV� �FRQVXPSWLRQ� WLOWLQJ�� HIIHFW� FRXOG� PLWLJDWH�� RU� HYHQ� UHYHUVH�� WKH

FRQYHQWLRQDO�H[SHFWHG�HIIHFW�

7KH�UHDO�H[FKDQJH�UDWH�FDQ�DOVR�EH�DIIHFWHG�E\�FKDQJHV� LQ�ZHDOWK��ZKLFK�PD\�DULVH� IURP

PRYHPHQWV� LQ� WKH� WHUPV� RI� WUDGH� �VHH� 5ROGRV�� ������ DPRQJ� RWKHUV��� $V� D� FKHFN�� ZH� DOVR

LQYHVWLJDWH�ZKHWKHU�FKDQJHV�LQ�WKH�UHDO�SULFH�RI�RLO�PD\�LQGXFH�VLPLODU�HIIHFWV�

7KH� DVVXPSWLRQ� WKDW� WKH� UHDO� H[FKDQJH� UDWH� LV� LQWHJUDWHG� RI� RUGHU� RQH� PHULWV� VRPH

GLVFXVVLRQ��7LPH�VHULHV�WHVWV�RI�WKH�UHDO�H[FKDQJH�UDWH�VSDQQLQJ�WKH�IORDWLQJ�UDWH�SHULRG�W\SLFDOO\

IDLO�WR�UHMHFW�WKH�XQLW�URRW�QXOO��DQG�WKLV�LV�WUXH�LQ�WKH�GDWD�VHW�XVHG�LQ�WKLV�SDSHU�WRR��$GPLWWHGO\�

UHFHQW� VWXGLHV� XVLQJ� YHU\� ORQJ� VSDQV� RI� GDWD� �/RWKLDQ� DQG� 7D\ORU�� ������ KDYH� GHWHFWHG� PHDQ

UHYHUVLRQ�� (QJHO� ������� KDV� DUJXHG� WKDW� WKHVH� WHVWV� DUH� PLV�VL]HG� ZKHQ� WKH� YDULDQFH� RI� WKH

SHUPDQHQW�FRPSRQHQW�LV�VPDOO�UHODWLYH�WR�WKDW�RI�WKH�WHPSRUDU\��2Q�DQRWKHU�IURQW��UHVXOWV�IURP

SDQHO�XQLW�URRW�WHVWV�KDYH�UHMHFWHG�WKH�XQLW�URRW�QXOO��)UDQNHO�DQG�5RVH���������+RZHYHU��WKHVH

UHVXOWV�KDYH�SURYHQ�VHQVLWLYH�WR�WKH�FXUUHQFLHV� LQFOXGHG�LQ�WKH�UHJUHVVLRQ��3DSHOO���������*LYHQ

WKH�DPELJXLW\�RI�WKH�UHVXOWV��DQG�D�SULRUL�H[SHFWDWLRQV�UHJDUGLQJ�WKH�QRQVWDWLRQDULW\�RI�H[FKDQJH

UDWHV� LQ� WKH� UHJLRQ�� WKH� DVVXPSWLRQ� RI� LQWHJUDWHG� UHDO� H[FKDQJH� UDWH� VHULHV� DSSHDUV� DSSURSULDWH

�WKH�UHVXOWV�RI�WKH�SDQHO�XQLW�URRW�WHVWV�UHSRUWHG�LQ�6HFWLRQ���DUH�FRQVLVWHQW�ZLWK�WKLV�DVVXPSWLRQ��

���'DWD�DQG�9DULDEOH�&RQVWUXFWLRQ

����([FKDQJH�5DWHV�DQG�3ULFHV

6LQFH�WKH�FHQWUDO�FRQWULEXWLRQ�RI�WKLV�SDSHU�LV�WKH�DSSOLFDWLRQ�RI�HFRQRPHWULF�WHFKQLTXHV�WR

GLVDJJUHJDWH�GDWD��WKH�GHWDLOV�RI�WKH�GDWD�DQG�WKH�FRQVWUXFWLRQ�RI�WKH�HPSLULFDO�FRXQWHUSDUWV�WR�WKH
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WKHRUHWLFDO� YDULDEOHV�PHULW� VRPH� GLVFXVVLRQ� �DGGLWLRQDO� GHWDLOV� DUH� LQ� WKH� 'DWD� $SSHQGL[��� 7KH

FRXQWULHV�H[DPLQHG�LQFOXGH�&KLQD��,QGRQHVLD��-DSDQ��.RUHD��0DOD\VLD��WKH�3KLOLSSLQHV��6LQJDSRUH�

7KDLODQG�� 7DLZDQ� DQG� WKH� 86�� IRU� WKH� SHULRG� ����������� 7KH� DQQXDO� GDWD� DUH� GUDZQ� IURP� D

YDULHW\�RI�VRXUFHV��7KH�QRPLQDO�H[FKDQJH�UDWH� LV� WKH�ELODWHUDO�SHULRG�DYHUDJH��H[SUHVVHG�DJDLQVW

WKH�86���LQ���I�F�X����3ULFH�OHYHOV�DUH�*'3�GHIODWRUV�GUDZQ�IURP�WKH�:RUOG�%DQN
V�:RUOG�7DEOHV�

7KH� UHDO� H[FKDQJH� UDWHV� DUH� WKHQ� H[SUHVVHG� LQ� WHUPV� RI�*'3�GHIODWRUV�� UDWKHU� WKDQ� WKH� W\SLFDO

&3,V��+RZHYHU��WKH�GLIIHUHQFH�LQ�WKH�EHKDYLRU�RI�WKH�YDULDEOHV�LV�PLQRU�

7KH�SULFH�RI�WUDGDEOHV�LV�SUR[LHG�E\�WKH�SULFH�GHIODWRU�IRU�PDQXIDFWXULQJ��DQG�IRU�WKH�SULFH

RI�QRQWUDGDEOHV��WKH���RWKHU��SULFH�GHIODWRU��ZKLFK� LQFOXGHV�VHUYLFHV��FRQVWUXFWLRQ��PLQLQJ��DQG

WUDQVSRUWDWLRQ�� 7KHVH� GDWD� DUH� FDOFXODWHG� DV� WKH� UDWLR� RI� QRPLQDO� WR� UHDO� �LQ� ����� GRPHVWLF

FXUUHQF\� XQLWV�� VHFWRUDO� RXWSXW�� DV� UHSRUWHG� LQ�:RUOG� 7DEOHV�� H[FHSW� LQ� FHUWDLQ� FDVHV�� VXFK� DV

0DOD\VLD�DQG�7DLZDQ��ZKHUH�WKH�$VLDQ�'HYHORSPHQW�%DQN
V�.H\�,QGLFDWRUV�RI�'HYHORSLQJ�$VLDQ�DQG

3DFLILF� &RXQWULHV� LV� XVHG�� 1RWH� WKDW� WKLV� UDWLR� RPLWV� WKH� DJULFXOWXUDO� VHFWRU�� +HQFH�� XQOLNH� WKH

DSSURDFK�DGRSWHG�LQ�(QJHO��������DQG�&KLQQ���������WKH�RYHUDOO�SULFH�GHIODWRU�LV�QRW�D�ZHLJKWHG

DYHUDJH�RI�WKH�WZR�VHFWRUDO�GHIODWRUV�

6LQFH� VHYHUDO� RI� WKHVH� FRXQWULHV� KDYH� DW� FHUWDLQ� WLPHV� H[SRUWHG� D� ODUJH� DPRXQW� RI

DJULFXOWXUDO� SURGXFWV�� RQH� PLJKW� ZRQGHU� LI� WKH� UHVXOWV� UHSRUWHG� EHORZ� DUH� VHQVLWLYH� WR� WKH

HTXDWLQJ� RI� PDQXIDFWXUHV� ZLWK� WUDGDEOHV�� ,� KDYH� DOVR� H[DPLQHG� DQ� DOWHUQDWLYH� PHDVXUH� RI� WKH

UHODWLYH� SULFH� RI� WUDGDEOHV� DQG� QRQWUDGDEOHV�� ZKHUH� D� ZHLJKWHG� DYHUDJH� RI� DJULFXOWXUDO� DQG

PDQXIDFWXULQJ� SULFHV� LV� XVHG� LQ� SODFH� RI� WKH� PDQXIDFWXULQJ� GHIODWRU�� 1RQH� RI� WKHVH� VWDWLVWLFDO

UHVXOWV�KLQJH�XSRQ�WKLV�DOWHUQDWLYH�GHILQLWLRQ��DOWKRXJK�WKH�WLPH�VHULHV�SDWWHUQ�IRU�7KDLODQG��DQG

WKH�WUHQGV�IRU�&KLQD��,QGRQHVLD�DQG�.RUHD��GR�FKDQJH��

7KH�H[FKDQJH�UDWH�VHULHV�DQG�WKH�UHVSHFWLYH�UHODWLYH�SULFH�VHULHV�DUH�GLVSOD\HG�LQ�)LJXUHV��

WKURXJK����WKH�DYHUDJH�DQQXDO�UDWH�RI�FKDQJH�IRU�WKHVH�VHULHV�DUH�DOVR�UHSRUWHG�LQ�3DQHO���RI�7DEOH

���7R�PDNH�RFXODU�UHJUHVVLRQV�HDVLHU�WR�FRQGXFW��WKH�H[FKDQJH�UDWHV�DUH�H[SUHVVHG�LQ�LQYHUVH�WHUPV

�IRUHLJQ� FXUUHQF\�XQLW��86��� DQG�QRUPDOL]HG� WR������ ��� LQ� WKHVH� ILJXUHV�� KHQFH� WKH� FRXQWU\

SDLUV� VKRXOG� FRYDU\� SRVLWLYHO\� DFFRUGLQJ� WR� WKH� WKHRU\� GHVFULEHG� DERYH��:LWK� WKH� H[FHSWLRQ� RI

&KLQD�DQG�7DLZDQ��WKHUH�GRHV�DSSHDU�WR�EH�VRPH�FRPRYHPHQW�RI�WKH�SRVLWHG�QDWXUH�

��������������������������������������������������
�������$WWHPSWLQJ�DQ�DQDORJRXV�SURFHGXUH�IRU�FDOFXODWLQJ�VHFWRUDO�ODERU�SURGXFWLYLW\�LV�D�PXFK�PRUH�GLIILFXOW�HQWHUSULVH��DV
DJULFXOWXUH�HPSOR\V�D�ODUJH�QXPEHU�RI�SDUW�WLPH�DQG�VHDVRQDO�ZRUNHUV�
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����6HFWRUDO�3URGXFWLYLW\�/HYHOV�DQG�3UR[LHV

$V� UHPDUNHG� DERYH�� SUHYLRXV� DWWHPSWV� WR� WHVW� WKH� +DUURG�%DODVVD�6DPXHOVRQ� PRGHO
V

SUHGLFWLRQV� UHJDUGLQJ�(DVW�$VLDQ�SURGXFWLYLW\� OHYHOV� DQG�FXUUHQFLHV�KDYH�EHHQ�KDPSHUHG�E\� WKH

ODFN� RI� VHFWRUDO� SURGXFWLYLW\� GDWD�� 8VH� RI� DJJUHJDWH� SURGXFWLYLW\� GRHV� QRW� FLUFXPYHQW� WKH

GLIILFXOW\�LQ�LVRODWLQJ�WKH�+%6�HIIHFW��)RU�LQVWDQFH���%DKPDQL�2VNRRHH�DQG�5KHH��������HVWLPDWH

WKH�IROORZLQJ�HTXDWLRQ�IRU�.RUHD�

t
*
ttt u + aa +  = q )(10 −κκ ���

ZKLFK�LPSOLFLWO\�DVVXPHV�WKDW�WKH�HFRQRP\�ZLGH�SURGXFWLYLW\�OHYHO��D��DQG�WKH�GLIIHUHQFH�RI�WKH

VHFWRUDO�D
V�DUH�FRLQWHJUDWHG��7DNLQJ�WKH�VLPSOHVW�FDVH�

aa = a N
t

T
tt ω−ω ���

7KH���FRHIILFLHQW�LQ�����LV�QRW�LGHQWLILHG��UDWKHU�RQO\�WKH�SURGXFW�κ� �ωα�FDQ�EH�HVWLPDWHG��$

PRUH�FRPSOLFDWHG�VLWXDWLRQ�DULVHV�LI�WKH�FRHIILFLHQWV�RQ�WKH�VHFWRUDO�D
V�DUH�QRW�WKH�VDPH��7KHQ�DQ

RPLWWHG�YDULDEOH�VLWXDWLRQ�DULVHV��DQG�FRLQWHJUDWLRQ�LV�XQOLNHO\�WR�EH�IRXQG��HYHQ�LI�WKH�PRGHO�LQ

����KROGV�WUXH���,W�LV�WKHUHIRUH�FULWLFDO�WR�ILQG�DGHTXDWH�SUR[LHV�IRU�WKH�VHFWRUDO�SURGXFWLYLW\�OHYHOV�

,�FDOFXODWH�DYHUDJH� ODERU�SURGXFWLYLW\�DV� WKH�SUR[\� IRU� VHFWRUDO� WRWDO� IDFWRU�SURGXFWLYLW\�

DYHUDJH�ODERU�SURGXFWLYLW\�LV�REWDLQHG�E\�GLYLGLQJ�UHDO�RXWSXW�LQ�VHFWRU�L�E\�ODERU�HPSOR\PHQW�LQ

VHFWRU�L�

N/ Y  A ii
L
i ≡ ���

ZKHUH� L� WDNHV� RQ� WKH� VDPH� FDWHJRULHV� DV� EHIRUH�� 7KH� RXWSXW� VHULHV� DUH� GUDZQ� IURP� WKH� VDPH

VRXUFHV�XVHG�IRU�WKH�UHODWLYH�SULFH�GHIODWRUV��7KH�HPSOR\PHQW�ILJXUHV�DUH�GUDZQ�IURP�WKH�:RUOG

7DEOHV��WKH�$'%�.H\�,QGLFDWRUV��DQG�IRU�WKH�GHYHORSHG�FRXQWULHV��WKH�,QWHUQDWLRQDO�/DERXU�2IILFH
V

<HDUERRN�RI�/DERXU�6WDWLVWLFV�

��������������������������������������������������
�������,Q�IDFW��LI�WKH�DJJUHJDWH�SULFH�LQGH[�LV�D�&REE�'RXJODV�IXQFWLRQ�RI�WUDGDEOH�DQG�QRQWUDGDEOH�SULFHV��WKHQ�WKH�HTXDWLRQ�XVLQJ
DJJUHJDWH�SURGXFWLYLW\�FDQ�RQO\�UHSUHVHQW�D�FRLQWHJUDWLQJ�UHODWLRQ�LI�WKH�FRLQWHJUDWLQJ�FRHIILFLHQWV�DUH�DOORZHG�WR�WLPH�YDU\
QRQOLQHDUO\�ZLWK�D7�D1�
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7ZR� OLPLWDWLRQV� RI� WKH� GDWD� VKRXOG� EH� VWUHVVHG�� )LUVW�� VLQFH� WKHVH� ODERU� HPSOR\PHQW

VWDWLVWLFV� DUH� QRW� DGMXVWHG� IRU� SDUW� WLPH� ZRUNHUV�� RQH� PD\� YHU\� ZHOO� KDYH� TXDOPV� DERXW� WKH

UHOLDELOLW\�RI�WKHVH�SUR[LHV�IRU�ODERU�SURGXFWLYLW\��)RU�LQVWDQFH��8QLRQ�%DQN�RI�6ZLW]HUODQG�������

UHSRUWV�ZHHNO\�ZRUNLQJ�KRXUV�IRU�LQGXVWULDO�ZRUNHUV�UDQJLQJ�IURP����KRXUV��LQ�6LQJDSRUH��WR���

KRXUV� �0DQLOD���7R�FURVV�FKHFN� WKH�UHVXOWV�� ,�KDYH�FRPSDUHG� WKH�FDOFXODWLRQV� IRU�PDQXIDFWXULQJ

SURGXFWLYLW\�DJDLQVW�WKRVH�UHSRUWHG�E\�WKH�:RUOG�7DEOHV�IRU�VHYHUDO�FRXQWULHV��7KHVH�ILJXUHV�PDWFK

TXLWH�ZHOO��)XUWKHUPRUH��IRU�WKH�86�DQG�-DSDQ��ZH�KDYH�GDWD�RQ�ODERU�SURGXFWLYLW\�LQ�WKH�WUDGHG

�LQGXVWULDO� RXWSXW�� WUDQVSRUWDWLRQ�� DQG� QRQWUDGDEOH� �VHUYLFHV�� FRQVWUXFWLRQ�� VHFWRUV� IURP� WKH

2(&'
V�,QWHUQDWLRQDO�6HFWRUDO�'DWD�%DVH���7KHVH�VHULHV�DOVR�PDWFK�TXLWH�ZHOO�IRU�PDQXIDFWXULQJ�YV�

WUDGDEOHV��DQG��RWKHU��YHUVXV�QRQWUDGDEOHV��7KHVH�RXWFRPHV� VHUYH� WR� LPSURYH�RQH
V� FRQILGHQFH

WKDW�WKH�SUR[LHV�XVHG�DUH�QRW�LPSODXVLEOH�

6HFRQG�� WKH� SUR[\� YDULDEOH� LV� ODERU� SURGXFWLYLW\�� UDWKHU� WKDQ� 7)3� DV� VXJJHVWHG� E\� WKH

PRGHO��&DQ]RQHUL��&XPE\�DQG�'LED� �������KDYH� DUJXHG� WKDW�XVH�RI� ODERU�SURGXFWLYLW\� LV� WR�EH

SUHIHUUHG�EHFDXVH�LW�LV�OHVV�OLNHO\�WR�EH�WDLQWHG�E\�PLV�HVWLPDWHV�RI�WKH�FDSLWDO�VWRFN��,Q�DQ\�HYHQW�

WKHUH�LV�OLWWOH�SRVVLELOLW\�RI�FLUFXPYHQWLQJ�WKLV�SUREOHP��7R�P\�NQRZOHGJH��DOPRVW�DOO�FDOFXODWLRQV

RI� (DVW� $VLDQ� WRWDO� IDFWRU� SURGXFWLYLW\� RYHU� ORQJ� VSDQV� RI� WLPH� KDYH� EHHQ� FRQGXFWHG� RQ� DQ

HFRQRP\�ZLGH�EDVLV��RQH�H[FHSWLRQ�LV�$OZ\Q�<RXQJ
V��������DQDO\VLV���

7KH� �LQYHUVH�� H[FKDQJH� UDWH� DQG� UHODWLYH� SURGXFWLYLW\� YDULDEOHV� DUH� GLVSOD\HG� LQ� )LJXUHV

������ �UHVFDOHG� WR� D� FRPPRQ� EDVH� \HDU� HTXDO� ]HUR��� WKH� DYHUDJH� DQQXDO� UDWHV� RI� FKDQJH� DUH

UHSRUWHG� LQ� 3DQHO� �� RI� 7DEOH� ��� 2QFH� DJDLQ�� &KLQD� DQG� 7DLZDQ� IDLO� WR� H[KLELW� WKH� H[SHFWHG

FRUUHODWLRQ�� ,Q� WKH�RWKHU�FDVHV�� WKH� FRYDULDWLRQ� LV� QRW� YHU\�SURQRXQFHG�� DOWKRXJK� LQ� DQ� HFOHFWLF

PRGHO�RI� UHODWLYH�SULFH�GHWHUPLQDWLRQ��GHPDQG�VLGH� IDFWRUV� VXFK�DV�JRYHUQPHQW� VSHQGLQJ�FRPH

LQWR�SOD\�

��������������������������������������������������
�������7KHVH�FDWHJRUL]DWLRQV�DUH�WKH�VDPH�DV�WKRVH�XVHG�LQ�'H*UHJRULR�DQG�:ROI��������DQG�&KLQQ�DQG�-RKQVWRQ���������7KH
IRUPHU�GLG�QRW�ILQG�VHQVLWLYLW\�RI�WKHLU�UHVXOWV�WR�WKH�H[DFW�FULWHULRQ�IRU�GHILQLQJ�WUDGDEOHV�YHUVXV�QRQWUDGDEOHV��:KLOH�LW�ZRXOG
EH�XVHIXO�WR�WHVW�WKH�VHQVLWLYLW\�RI�WKH�UHVXOWV�WR�DOWHUQDWLYH�FDWHJRUL]DWLRQ��WKH�GDWD�LV�QRW�UHSRUWHG�LQ�D�IRUP�WKDW�HDVLO\�DOORZV
IRU�WKLV�

�������7KH�VHQVLWLYLW\�RI�WKH�HPSLULFDO�UHVXOWV�WR�WKH�FKRLFH�RI�WKH�SURGXFWLYLW\�SUR[\�FDQ�EH�H[DPLQHG�LQ�WKH�FDVH�RI�-DSDQ�
ZKHUH�ERWK�VHULHV�DUH�DYDLODEOH�IURP�WKH�,6'%��,Q�IDFW��WKH�UHJUHVVLRQV�FRHIILFLHQWV�DUH�PRUH�LQ�OLQH�ZLWK�WKH�+DUURG�%DODVVD�
6DPXHOVRQ�PRGHO�ZKHQ�XVLQJ�WKH�WRWDO�IDFWRU�SURGXFWLYLW\�GDWD��7KLV�VXJJHVWV�WKDW�XVH�RI�WKH�ODERU�SURGXFWLYLW\�QXPEHUV�ELDVHV
WKH�UHVXOWV�DJDLQVW�WKH�PDLQWDLQHG�K\SRWKHVLV��6HH�WKH�$SSHQGL[�IRU�GHWDLOHG�VHQVLWLYLW\�DQDO\VHV�



��

$� QXPEHU� RI� RWKHU� VWXGLHV� KDYH� XVHG� *'3� SHU� FDSLWD� DV� D� PHDVXUH� RI� WKH� VHFWRUDO

SURGXFWLYLW\� GLIIHUHQWLDO�� 7KLV� LV� FOHDUO\� LQDGHTXDWH�� 6KRZLQJ� D� FRUUHODWLRQ� EHWZHHQ� WKH� UHDO

H[FKDQJH�UDWH�DQG�LQFRPH�OHYHOV�PHUHO\�YDOLGDWHV�ZKDW�6DPXHOVRQ�FDOOHG��7KH�3HQQ�(IIHFW���DQG

FDQQRW�LQ�LWVHOI�GHPRQVWUDWH�WKDW�SURGXFWLYLW\�PDWWHUV�GLUHFWO\��5HODWLYH�SULFHV�PD\�GHSHQG�XSRQ

GHPDQG�VLGH�IDFWRUV��VXFK�DV�D�JUHDWHU�SUHIHUHQFH� IRU�QRQWUDGHG�JRRGV�DV� LQFRPH�ULVHV� �/LQGHU�

�������7KLV�HIIHFW�LV�RIWHQ�SUR[LHG�E\�*'3�SHU�FDSLWD��7R�LQYHVWLJDWH�WKLV�FRPSHWLQJ�K\SRWKHVLV��,

JDWKHU� GDWD� RQ� WKLV� YDULDEOH�� PHDVXUHG� LQ� FRQVWDQW� ����� �,QWHUQDWLRQDO�� GROODUV�� H[SUHVVHG� LQ

UHODWLYH� ORJ� WHUPV�� 7KH� GDWD� VSDQ� WKH� SHULRG� ��������� DQG� DUH� GUDZQ� IURP� WKH� 3HQQ�:RUOG

7DEOHV��0DUN�������6HH�6XPPHUV�DQG�+HVWRQ��������

����2WKHU�9DULDEOHV

7KH�RWKHU�YDULDEOHV�LQFOXGH�JRYHUQPHQW�VSHQGLQJ��WKH�WHUPV�RI�WUDGH��DQG�WKH�UHDO�SULFH

RI�RLO��7KH�JRYHUQPHQW�VSHQGLQJ�YDULDEOH�XVHG�LQ�WKH�UHJUHVVLRQV�LV�WKH�ORJ�RI�WKH�UDWLR�RI�QRPLQDO

JRYHUQPHQW�FRQVXPSWLRQ�WR�QRPLQDO�*'3��,�DOVR�FKHFN�WR�VHH�ZKHWKHU�WKH�UHVXOWV�DUH�VHQVLWLYH�WR

XVH�RI� WKH� ORJ� UDWLR�RI� UHDO� JRYHUQPHQW� FRQVXPSWLRQ� VSHQGLQJ� �GHIODWHG�XVLQJ� WKH�QRQWUDGDEOHV

GHIODWRU��WR�UHDO�*'3��7KH�WHUPV�RI�WUDGH�DUH�PHDVXUHG�DV�WKH�ORJ�UDWLR�RI�WKH�H[SRUW�WR�LPSRUW

SULFH�� ERWK�PHDVXUHG� LQ�86�� WHUPV��5HDO� RLO� SULFHV� DUH�PHDVXUHG� DV� WKH� �� SULFH� SHU� EDUUHO� RI

'XEDL�)DWHK��GHIODWHG�E\�WKH�86�&3,��LQ�ORJ�WHUPV��

$OPRVW� DOO� WKH� VHULHV� DSSHDU� WR� EH� LQWHJUDWHG� RI� RUGHU� ��� DFFRUGLQJ� WR�$')� WHVWV� �ZLWK

FRQVWDQW� DQG� WUHQG��ZLWK� ODJV�RI� RUGHU��� DQG����7KH� H[FHSWLRQV� DUH� WKH�86�&KLQD� SURGXFWLYLW\

GLIIHUHQWLDO��WKH�86�0DOD\VLD�UHODWLYH�SULFH�UDWLR��WKH�6LQJDSRUH�UHDO�H[FKDQJH�UDWH��DOO�DW�WKH���

PDUJLQDO� VLJQLILFDQFH� OHYHO�� DQG� WKH� 86�7DLZDQ� UHODWLYH� SURGXFWLYLW\� GLIIHUHQWLDO� �DW� WKH� ��

PDUJLQDO� VLJQLILFDQFH� OHYHO��� 6LQFH� WKLV�SURSRUWLRQ�RI� UHMHFWLRQV� FRXOG� DULVH�PHUHO\�E\�FKDQFH�� ,

ZLOO�SURFHHG�XQGHU�WKH�SUHVXPSWLRQ�WKDW�DOO�VHULHV�DUH�,�����DOWKRXJK�WKH�HFRQRPHWULF�UHVXOWV�ZLOO

EH�LQWHUSUHWHG�LQ�OLJKW�RI�WKHVH�XQLW�URRW�WHVW�UHVXOWV�

,Q� RUGHU� WR� DVVHVV� ZKHWKHU� D� PRUH� SRZHUIXO� WHVW� IRU� XQLW� URRWV�� H[SORLWLQJ� WKH� FURVV�

VHFWLRQDO� LQIRUPDWLRQ�� PLJKW� GHWHFW� HYLGHQFH� RI� PHDQ� VWDWLRQDU\� UHDO� H[FKDQJH� UDWHV�� ,� DOVR

DSSOLHG�D�/HYLQ�DQG�/LQ��������UHJUHVVLRQ�WR�WKH�H[FKDQJH�UDWH�VHULHV��7KH�W�VWDWLVWLF�RQ�WKH�ODJJHG

UHDO�H[FKDQJH�UDWH��DOORZLQJ�IRU�FRXQWU\�IL[HG�HIIHFWV��ZDV���������ZHOO�EHORZ�HYHQ�WKH�/HYLQ�/LQ

FULWLFDO�YDOXH�IRU�D�PDUJLQDO�VLJQLILFDQFH�OHYHO�RI�����



��

���7KH�5HDO�([FKDQJH�5DWH�DQG�5HODWLYH�3ULFHV

�����(FRQRPHWULF�6SHFLILFDWLRQ

,I� WKH� UHODWLYH� SULFH� RI� WUDGHG� JRRGV� LV� VWDWLRQDU\�� WKHQ� WKH� VHULHV� T�� S1
�S7
�� S1�S7�� DUH

FRLQWHJUDWHG�ZLWK�WKH�FRLQWHJUDWLQJ�YHFWRU�LPSOLHG�E\�WKHRU\�RI�����α
��α���%HVW�FXUUHQW�SUDFWLFH

LV�WR�XVH�WKH�PXOWLYDULDWH�PD[LPXP�OLNHOLKRRG�WHFKQLTXH�RI�-RKDQVHQ���������8QIRUWXQDWHO\��WKLV

SURFHGXUH�\LHOGV�YHU\�GLVSHUVHG�HVWLPDWHV��IRU�UHDVRQV�VXJJHVWHG�E\�6WRFN�DQG�:DWVRQ���������

0RUHRYHU�� DIWHU� DGMXVWLQJ� WKH� FULWLFDO� YDOXHV� IRU� WKH� ORVV� RI� GHJUHHV� RI� IUHHGRP�� RQO\� D� IHZ

LQVWDQFHV�RI�FRLQWHJUDWLRQ�DUH�IRXQG��

*LYHQ� WKH� LPSODXVLEOH� HVWLPDWHV� GHULYHG� IURP� WKH� -RKDQVHQ� SURFHGXUH�� ,� LPSOHPHQW� D

VLQJOH�HTXDWLRQ�HUURU�FRUUHFWLRQ�PRGHO��DV�VXJJHVWHG�E\�3KLOOLSV�DQG�/RUHWDQ���������7\SLFDOO\�

RQH�KDV�WR�ZRUU\�DERXW�HQGRJHQHLW\�LQ�DQ\�VLQJOH�HTXDWLRQ�UHJUHVVLRQ��)RUWXQDWHO\��LQ�WKLV�PRGHO�

LW�LV�SODXVLEOH�WR�DVVXPH�D�UHFXUVLYH�VWUXFWXUH�VXFK�WKDW��S1�S7��DQG��S1
�S7
��DUH�ZHDNO\�H[RJHQRXV

IRU�T��+HQFH��LQ�WKLV�SDSHU�,�DGRSW�D�VLQJOH�HTXDWLRQ�HUURU�FRUUHFWLRQ�PRGHOLQJ�DSSURDFK��YL]�
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7KLV�HTXDWLRQ�LV�HVWLPDWHG�XVLQJ�QRQOLQHDU�OHDVW�VTXDUHV��1/6���WKH�DV\PSWRWLF�GLVWULEXWLRQ�RI�WKH

W�VWDWLVWLF� DVVRFLDWHG� ZLWK� WKH� �� SDUDPHWHU� LV� DSSUR[LPDWHO\� 1RUPDO� XQGHU� WKH� DERYH

DVVXPSWLRQV�

�����(PSLULFDO�5HVXOWV

� 5HJUHVVLRQV� RI� WKH� IRUP� RI� ���� ZHUH� HVWLPDWHG� IRU� DOO� UHDO� H[FKDQJH� UDWHV�� ,Q� JHQHUDO

N M ��� H[FHSW�ZKHUH� QRWHG�� 7KH� UHVXOWV� LQ� 7DEOH� �� LQGLFDWH� WKDW� WKH� UHDO� H[FKDQJH� UDWH� GRHV

H[KLELW�VRPH�PHDQ�UHYHUVLRQ��,Q�DOO�FDVHV�H[FHSW�&KLQD��7DLZDQ�DQG�7KDLODQG��WKH�FRHIILFLHQW�RQ

WKH�HUURU�FRUUHFWLRQ�WHUP�DSSHDUV�WR�EH�VWDWLVWLFDOO\�VLJQLILFDQW��,Q�WKHVH�FDVHV�WKH�HVWLPDWHG�UDWH

��������������������������������������������������
�������7KHUH�DUH�DW�PRVW����REVHUYDWLRQV��,I�RQH�DGMXVWV�WKH�FULWLFDO�YDOXHV�IRU�WKH�ORVV�RI�GHJUHHV�RI�IUHHGRP�GXH�WR�HVWLPDWLQJ
WKH�SDUDPHWHUV��WKHQ�RQH�FDQQRW�LQ�JHQHUDO�UHMHFW�WKH�QXOO�K\SRWKHVLV�RI�QR�FRLQWHJUDWLQJ�YHFWRUV��6HH�&KHXQJ�DQG�/DL��������
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RI�UHYHUVLRQ�WRZDUG�HTXLOLEULXP�LV�DERYH������)RU�WKH�H[FHSWLRQ�RI�&KLQD��WKH�VWDWLVWLFDO�UHVXOWV

DUH�XQVXUSULVLQJ��JLYHQ� WKH�EHKDYLRU�RI� WKH� UHDO� H[FKDQJH� UDWH�RYHU� WKH� VDPSOH�SHULRG�� DQG� WKH

FOHDU�YLRODWLRQV�RI� WKH�DVVXPSWLRQV�RI� WKH�+DUURG�%DODVVD�6DPXHOVRQ�PRGHO� ��� IUHH� LQWHUVHFWRUDO

IDFWRU�PRELOLW\��DQG�WR�D�OHVVHU�H[WHQW��IXOO�FDSLWDO�PRELOLW\����)RU�7DLZDQ�DQG�7KDLODQG��WKH�IDLOXUH

WR�ILQG�UHYHUVLRQ�LV�PRUH�SX]]OLQJ��DOWKRXJK�LW� LV� WUXH�WKDW�QHLWKHU�RI�WKHVH�FRXQWULHV�RSHQHG�XS

WKHLU�FDSLWDO�PDUNHWV�XQWLO�WKH�����V�

7KH� FRHIILFLHQW� RQ� UHODWLYH� QRQWUDGDEOH�WUDGDEOH� SULFHV� LV� OHVV� SUHFLVHO\� HVWLPDWHG�� 7KH

WKUHH�VLJQLILFDQW�HVWLPDWHV�DSSHDU�LQ�WKH�SODXVLEOH�UDQJH�RI������WR�������UHFDOO�WKLV�FRHIILFLHQW�KDV

WKH� LQWHUSUHWDWLRQ� RI� WKH� VKDUH� RI� WRWDO� H[SHQGLWXUHV� RQ� QRQWUDGDEOHV��� (YHQ� WKH� QRQVLJQLILFDQW

HVWLPDWHV�DUH�SODXVLEOH��ZLWK�WKH�H[FHSWLRQ�RI�6LQJDSRUH�DQG�7DLZDQ��,Q�OLJKW�RI�<RXQJ
V�������

ILQGLQJV�UHJDUGLQJ�WKH�FORVH�UDWHV�RI�SURGXFWLYLW\�JURZWK�LQ�PDQXIDFWXULQJ�DQG�VHUYLFH�VHFWRUV�LQ

ERWK�WKHVH�FRXQWULHV��LW�ZRXOG�EH�XQVXUSULVLQJ�WR�ILQG�D�ODFN�RI�D�UROH�IRU�UHODWLYH�SULFHV��

.RUHD�HYLGHQFHV�WKH�PRVW�UDSLG�UDWH�RI�FRQYHUJHQFH�WR�333�IRU�WUDGHG�JRRGV��7KH�LPSOLHG

KDOI�OLIH�RI�D�GHYLDWLRQ�LV�OHVV�WKDQ�D�\HDU��2Q�WKH�RWKHU�HQG�RI�WKH�VSHFWUXP��WKH�LPSOLHG�KDOI�OLIH

IRU� DQ� ,QGRQHVLDQ� GHYLDWLRQ� LV� ���� \HDUV�� :KHWKHU� WKHVH� DUH� UDSLG� UDWHV� GHSHQGV� XSRQ� RQH
V

SHUVSHFWLYH��3K\ODNWLV�DQG�.DVVLPDWLV��������H[DPLQHG�:3,�GHIODWHG�UHDO�H[FKDQJH�UDWHV��ZKLFK

URXJKO\�FRUUHVSRQGV�WR�WKH�PDQXIDFWXULQJ�VHFWRU�SULFH�GHIODWHG�H[FKDQJH�UDWHV�XVHG�LQ�WKLV�VWXG\�

7KH\�IRXQG�WKDW�WKH�KDOI�OLIH�RI�GHYLDWLRQV��HVWLPDWHG�DFURVV�HLJKW�FXUUHQFLHV��DOORZLQJ�IRU�D�WLPH

WUHQG�� LV�DERXW�RQH�\HDU�� ,I� WKH�GHYLDWLRQ� IURP�HTXLOLEULXP�,�REWDLQ� LV� DWWULEXWDEOH� WR�GHYLDWLRQV

IURP�333�IRU�WUDGDEOH�JRRGV��WKHQ�����\HDUV�LV�D�UHODWLYHO\�ORQJ�KDOI�OLIH�

2QH�PXVW�EH�IRUWKULJKW�DERXW�WKH� OLPLWHG�UHVXOWV�REWDLQHG�KHUH��)RU�&KLQD��7DLZDQ�DQG

7KDLODQG��WKHUH�LV�QR�VWDWLVWLFDOO\�VXEVWDQWLYH�HYLGHQFH�IRU�UHYHUVLRQ�RI�DQ\�VRUW��)RU�0DOD\VLD��WKH

3KLOLSSLQHV�DQG�6LQJDSRUH��WKHUH�LV�VRPH�HYLGHQFH�WKDW�WKHUH�LV�UHYHUVLRQ��EXW�WKH�HIIHFW�RI�UHODWLYH

SULFHV� LV� WRR� LPSUHFLVHO\�HVWLPDWHG�WR�PDNH�DQ\�GHILQLWH�FRQFOXVLRQV��2QO\� IRU� ,QGRQHVLD�� -DSDQ

��������������������������������������������������
�������)RU�LQVWDQFH��LI�WKH�FXUUHQF\�LV�QRW�IUHHO\�FRQYHUWLEOH��WKHQ�WKHUH�LV�QR�SDUWLFXODU�UHDVRQ�IRU�333�WR�KROG�HYHQ�IRU�WUDGHG
JRRGV�SULFHV��7KLV�ZRXOG�LPSO\�QR�ILQGLQJ�RI�FRLQWHJUDWLRQ�

�������$Q�DOWHUQDWLYH�LQWHUSUHWDWLRQ�LV�WKDW�WKH�7DLZDQHVH�GHIODWRUV�DUH�YHU\�PLV�PHDVXUHG��<RXQJ����������������QRWHV�WKH
XQXVXDO�PDQQHU�LQ�ZKLFK�7DLZDQ�DFFRXQWV�IRU�SXEOLF�VHFWRU�HPSOR\HH�SURGXFWLYLW\��2Q�VWDWLVWLFDO�JURXQGV��WKH�IDLOXUH�WR�ILQG
FRLQWHJUDWLRQ�LV�DOVR�QRW�VXUSULVLQJ�VLQFH�86�7DLZDQ�UHODWLYH�SURGXFWLYLW\�DSSHDUV�WR�EH�,����DFFRUGLQJ�WR�$')�WHVWV�
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DQG�.RUHD�DUH�WKH�SRVLWHG�HIIHFWV�LGHQWLILHG��DQG�IRU�-DSDQ��RQH�LV�DOUHDG\�DZDUH�RI�WKH�HYLGHQFH�LQ

IDYRU�RI�WKH�UHODWLYH�SULFH�HIIHFW��&KLQQ�DQG�-RKQVWRQ��������&KLQQ��������

���7KH�5HDO�([FKDQJH�5DWH��3URGXFWLYLW\�DQG�'HPDQG�6KRFNV

�����(FRQRPHWULF�6SHFLILFDWLRQ

6LQFH� WKH� SURGXFWLYLW\� GDWD� VSDQ� HYHQ� VKRUWHU� SHULRGV� WKDQ� WKH� UHODWLYH� SULFH� GDWD�

FRQVHUYDWLRQ�RI�GHJUHHV�RI�IUHHGRP�LV�DW�D�SUHPLXP��,Q�SULQFLSOH��WKH�1/6�SURFHGXUH�DGRSWHG�LQ

WKH� SUHYLRXV� VHFWLRQ� LV� IHDVLEOH�� +RZHYHU�� HVWLPDWLRQ� RI� WKH� LPSOLHG� HUURU� FRUUHFWLRQ� PRGHOV

\LHOGHG� KLJKO\� LPSODXVLEOH� HVWLPDWHV�� .UHPHUV�� (ULFVVRQ� DQG� 'RODGR� ������� KHUHDIWHU� .('�

SURSRVH�D�WHVW�ZKHUH�WKH�FRLQWHJUDWLQJ�YHFWRU�LV�LPSRVHG�D�SULRUL��7KH�WHVW�IRU�FRLQWHJUDWLRQ�FDQ

WKHQ�EH�DSSOLHG�TXLWH�VLPSO\�E\�HYDOXDWLQJ�WKH�W�VWDWLVWLF�RQ�WKH�HUURU�FRUUHFWLRQ�WHUP��$V�=LYRW

������� KDV� SRLQWHG� RXW�� WKH� GLVWULEXWLRQ� IRU� WKLV� W�VWDWLVWLF� GHSHQGV� XSRQ� D� QXPEHU� RI

DVVXPSWLRQV��PRVW�LPSRUWDQWO\�RQ�WKH�YDOLGLW\�RI�WKH�LPSRVHG�D�SULRUL�FRLQWHJUDWLQJ�YHFWRU��6LQFH

LQ�WKH�DEVHQFH�IRU�D�UROH�IRU�GHPDQG�VLGH�VKRFNV�
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LQYDOLG�� )RU� WKH� LQVWDQFHV� LQ� ZKLFK� WKLV� LV� WUXH�� ,� HVWLPDWH� WKH� HTXDWLRQ� XQFRQVWUDLQLQJ� WKH

FRLQWHJUDWLQJ�YHFWRU��RQFH�DJDLQ�XVLQJ�1/6�
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�����(PSLULFDO�5HVXOWV

3UHOLPLQDU\�UHJUHVVLRQV�LQGLFDWHG�WKDW�WKH�α� �����UHVWULFWLRQ�ZDV�YLRODWHG�E\�WKH�GDWD�LQ

RQO\�WZR�FDVHV����6LQJDSRUH�DQG�7DLZDQ��+HQFH��UHJUHVVLRQV�RI�WKH�IRUP�RI������ZHUH�HVWLPDWHG

IRU� DOO� UHDO� H[FKDQJH� UDWHV� H[FHSW� WKRVH� WZR� FXUUHQFLHV�� LQ� ZKLFK� FDVH� HTXDWLRQ� ����� ZDV

LPSOHPHQWHG��,Q�JHQHUDO�N M ���H[FHSW�ZKHUH�QRWHG����7KH�UHVXOWV�LQ�7DEOH���LQGLFDWH�WKDW�WKH

UHDO� H[FKDQJH� UDWH�GRHV� DSSHDU� WR�EH� FRLQWHJUDWHG�ZLWK� UHODWLYH� WUDGHG�QRQWUDGHG� SURGXFWLYLW\

OHYHOV�IRU�-DSDQ��0DOD\VLD�DQG�WKH�3KLOLSSLQHV����([FKDQJH�UDWHV�IRU�6LQJDSRUH�DQG�7DLZDQ�DSSHDU

WR� EH� XQH[SODLQHG� E\� UHODWLYH� SURGXFWLYLW\� GLIIHUHQWLDOV�� DV� LQGLFDWHG� E\� WKH� ]HUR� UHYHUVLRQ� DQG

ZLOGO\� LPSODXVLEOH�FRHIILFLHQW�HVWLPDWH�RQ�SURGXFWLYLW\� LQ� WKH� IRUPHU��DQG� WKH�SRVLWLYH�HVWLPDWH

RQ�SURGXFWLYLW\�LQ�WKH�ODWWHU��7KHVH�UHVXOWV� IRU�7DLZDQ�FRQWUDVW�VWURQJO\�ZLWK�WKRVH�REWDLQHG�E\

:X��������ZKR�ILQGV�WKDW�WKH�UHDO�H[FKDQJH�UDWH�LV�FRLQWHJUDWHG�ZLWK�UHODWLYH�SURGXFWLYLW\�OHYHOV

DQG�UHODWLYH�XQLW�ODERU�FRVWV���H[SUHVVHG�LQ�D�FRPPRQ�FXUUHQF\��+RZHYHU��WKH�SRLQW�HVWLPDWHV�RQ

WKH�UHODWLYH�SURGXFWLYLW\�YDULDEOHV�LPSO\�WKDW�RYHU������RI�WKH�RXWSXW�LQ�WKH�86�DQG�7DLZDQ�DUH

QRQWUDGDEOHV�

1RWLFH�WKDW�WKH�IRUPXODWLRQ�HPERGLHG�LQ�WKHVH�UHJUHVVLRQV�DVVXPHV�WKDW�VXSSO\�VKRFNV��LQ

WKH�IRUP�RI�SURGXFWLYLW\�JURZWK��DUH�WKH�RQO\�GHWHUPLQDQWV�RI�WKH�UHODWLYH�SULFH�RI�WUDGDEOHV�WR

QRQWUDGDEOHV�� 'URSSLQJ� WKDW� DVVXPSWLRQ�� ,� DOORZ� IRU� JRYHUQPHQW� VSHQGLQJ� WR� DIIHFW� WKH

FRQWHPSRUDQHRXV� UHDO� H[FKDQJH� UDWH�� ,I� JRYHUQPHQW� VSHQGLQJ� IDOOV�PRVWO\�RQ� QRQWUDGDEOHV� DQG

SXEOLF� DQG� SULYDWH� FRQVXPSWLRQ� DUH� VXEVWLWXWHV�� WKHQ� D� FKDQJH� LQ� JRYHUQPHQW� VSHQGLQJ� VKRXOG

LQGXFH� D� FXUUHQW� DSSUHFLDWLRQ� LQ� WKH� UHDO� H[FKDQJH� UDWH��7KH� UHVXOWV� RI� WKLV� UH�VSHFLILFDWLRQ� DUH

UHSRUWHG� LQ� 7DEOH� ��� ,QFOXVLRQ� RI� WKLV� YDULDEOH� W\SLFDOO\� UHGXFHV� WKH� VLJQLILFDQFH� OHYHO� IRU� WKH

FRHIILFLHQW�RQ�WKH�HUURU�FRUUHFWLRQ�WHUP��2QO\�-DSDQ
V�FRHIILFLHQW�UHPDLQV�VWDWLVWLFDOO\�VLJQLILFDQW�

��������������������������������������������������
��������,Q�WKH�FDVH�RI�WKH�3KLOLSSLQHV��,�UHSRUW�WKH�HVWLPDWHV�XVLQJ�WKH�:RUOG�%DQN�PHDVXUH�RI�PDQXIDFWXULQJ�SURGXFWLYLW\
EHFDXVH�RI�XQFHUWDLQW\�DERXW�WKH�DFFXUDF\�RI�WKH�FDOFXODWHG�SURGXFWLYLW\�PHDVXUH��VHH�WKH�$SSHQGL[���8VLQJ�WKH�PHDVXUH�XVHG
LQ�WKH�RWKHU�UHJUHVVLRQV�UDLVHV�WKH�HVWLPDWHG�UDWH�RI�UHYHUVLRQ�DQG�WKH�JRRGQHVV�RI�ILW�VWDWLVWLF��+HQFH�,�KDYH�EHHQ�FRQVHUYDWLYH
LQ�P\�DSSURDFK�
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$W� WKH� VDPH� WLPH�� WKH� JRYHUQPHQW� VSHQGLQJ� YDULDEOH� RIWHQ� HQWHUV� LQ� WKH� UHJUHVVLRQ� ZLWK

XQH[SHFWHG� VLJQ�� )RU�0DOD\VLD� DQG�7DLZDQ�� FKDQJHV� LQ� WKH� ORFDO� JRYHUQPHQW� VSHQGLQJ� WR�*'3

UDWLR�FDXVH�GHSUHFLDWLRQ�RI�WKH�ORFDO�FXUUHQF\��7KLV�LV�FRQVLVWHQW�ZLWK�HLWKHU�RI�WZR�SRVVLELOLWLHV�

)LUVW�� PRVW� JRYHUQPHQW� VSHQGLQJ� IDOOV� RQ� WUDGDEOH�� UDWKHU� WKDQ� QRQWUDGDEOH�� JRRGV�� 6HFRQG�

SULYDWH� DQG� JRYHUQPHQW� FRQVXPSWLRQ� LQ� WKHVH�$VLD�3DFLILF� HFRQRPLHV� DUH� FRPSOHPHQWV�� UDWKHU

WKDQ�VXEVWLWXWHV��,Q�FRQWUDVW��86�JRYHUQPHQW�VSHQGLQJ��ZKHQ�LW�LV�VLJQLILFDQW��GRHV�DSSUHFLDWH�WKH

86���WKLV�LV�WKH�.RUHDQ�FDVH���VXJJHVWLQJ�WKDW�WKH�QDWXUH�RI�JRYHUQPHQW�FRQVXPSWLRQ�PLJKW�IXOILOO

GLIIHUHQW�UROHV�LQ�WKH�WZR�FDVHV��7KHVH�FRQFOXVLRQV�DUH�QRW�VHQVLWLYH�WR�WKH�XVH�RI�QRPLQDO�UDWLRV�

8VLQJ�WKH�UDWLR�RI�WKH�GHIODWHG�JRYHUQPHQW�FRQVXPSWLRQ�WR�UHDO�*'3�GRHV�QRW�DOWHU�WKHVH�EDVLF

UHVXOWV��VHH�$SSHQGL[�7DEOH����

,Q�SUHYLRXV�SURGXFWLYLW\�EDVHG�VWXGLHV�RI� WKH�UHDO�H[FKDQJH�UDWH�� WKH� WHUPV�RI� WUDGH� DQG

UHDO� RLO� SULFHV� KDYH� HQWHUHG� VLJQLILFDQWO\� �&KLQQ� DQG� -RKQVWRQ�� ������ 'H*UHJRULR� DQG� :ROI�

������� ,Q� WKH� -DSDQHVH� FDVH� ZKHUH� DOO� RLO� LV� LPSRUWHG�� WKH� FKDQQHO� FRXOG� HLWKHU� ZRUN� LWV� ZD\

WKURXJK� WKH�ZHDOWK� HIIHFW�� RU� YLD� VKLIWV� LQ� WKH�SURGXFWLRQ� IXQFWLRQ��7R� LQYHVWLJDWH� WKLV� HIIHFW�� ,

DXJPHQWHG� WKH�UHJUHVVLRQ�VSHFLILFDWLRQV� LQ�7DEOHV���DQG���ZLWK� WKH� WHUPV�RI� WUDGH�RU�RLO�SULFHV

�HLWKHU�LQ�OHYHOV�RU�ILUVW�GLIIHUHQFHV���7KH�WHUPV�RI�WUDGH�GLG�QRW�HQWHU�ZLWK�VWDWLVWLFDO�VLJQLILFDQFH

H[FHSW� LQ� WKH� FDVH� RI� WKH� 3KLOLSSLQHV�� ,Q� WKDW� LQVWDQFH�� D� RQH� SHUFHQW� LPSURYHPHQW� LQ� WKH

3KLOLSSLQH� WHUPV� RI� WUDGH� LQGXFHV� D� ORQJ� UXQ� DSSUHFLDWLRQ� RI� WKH� SHVR� RI� ����� �VHH� $SSHQGL[

7DEOH���IRU�WKH�UHVXOWV�IRU�WKH�RWKHU�FXUUHQFLHV�����5HDO�RLO�SULFHV�SURYH�WR�EH�D�VLJQLILFDQW�IDFWRU

LQ�WKUHH�FDVHV����,QGRQHVLD��D�VXEVWDQWLDO�RLO�H[SRUWHU��DQG�-DSDQ�DQG�.RUHD��WZR�RLO� LPSRUWHUV��

7KH�UHVXOWV�RI�UH�HVWLPDWLQJ�WKH�HUURU�FRUUHFWLRQ�PRGHOV�ZLWK�RLO�SULFHV�LQFOXGHG�DUH�UHSRUWHG�LQ

7DEOH����1RZ�DOO�HUURU�FRUUHFWLRQ�WHUPV�DUH�VWDWLVWLFDOO\�VLJQLILFDQW��DOWKRXJK�VRPHWLPHV�RQO\�DW

WKH�����PDUJLQDO�VLJQLILFDQFH�OHYHO�

/RJ�UHDO�RLO�SULFHV�HQWHU�LQWR�WKH�FRLQWHJUDWLQJ�YHFWRUV�IRU�,QGRQHVLD�DQG�-DSDQ��DQG�LQWR

WKH�VKRUW�UXQ�G\QDPLFV�IRU�.RUHD��7KH�GLUHFWLRQ�RI�HIIHFWV�LV�FRQVLVWHQW�ZLWK�SULRUV��,QFUHDVHV�LQ

RLO�SULFHV� DSSUHFLDWHV� WKH� ,QGRQHVLDQ�5XSLDK� DJDLQVW� WKH�86��� DQG�GHSUHFLDWHV� WKH�<HQ� �LQ�ERWK

VKRUW�DQG�ORQJ�UXQ��DQG�:RQ��LQ�WKH�VKRUW�UXQ��

��������������������������������������������������
���������,�FRXOG�QRW�LQFOXGH�WKLV�YDULDEOH�IRU�,QGRQHVLD�DQG�7DLZDQ��VLQFH�WKH�IRUPHU�GRHV�QRW�UHSRUW�LPSRUW�SULFHV��DQG�WKH�ODWWHU
GRHV�QRW�UHSRUW�WKH�WHUPV�RI�WUDGH�LQ�GROODU�WHUPV�
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,W� DSSHDUV� WKDW� WKH� HYLGHQFH�� DIWHU� DFFRXQWLQJ� IRU� WKH� UROH� RI� RLO�� LV� IDLUO\� VWURQJ� IRU� D

SURGXFWLYLW\�EDVHG� PRGHO� RI� UHDO� H[FKDQJH� UDWHV� LQ� WKH� (DVW� $VLDQ� UHJLRQ�� ,QGRQHVLD�� -DSDQ�

.RUHD�� 0DOD\VLD� DQG� WKH� 3KLOLSSLQHV� DSSHDU� WR� ILW� WKH� JHQHUDO� SDWWHUQ�� +RZHYHU�� &KLQD�

6LQJDSRUH��7DLZDQ�DQG�7KDLODQG�DSSHDU�UHFDOFLWUDQW�

����7KH��3HQQ�(IIHFW��DQG�3UHIHUHQFHV

7KH�ILQGLQJ�WKDW�VHFWRUDO�SURGXFWLYLW\�GLIIHUHQWLDOV�GHWHUPLQH�UHDO�H[FKDQJH�UDWHV�VXSSRUWV

WKH�+%6�PRGHO��KRZHYHU��LW� LV�SRVVLEOH�WKDW�VHFWRUDO�SURGXFWLYLW\�GLIIHUHQWLDOV� MXVW�KDSSHQ�WR�EH

SRVLWLYHO\�FRUUHODWHG�ZLWK�SHU�FDSLWD�LQFRPH�OHYHOV��,I��DV�LQ�WKH�/LQGHU��������K\SRWKHVLV��ULVLQJ

LQFRPH�OHDGV�WR�D�ULVLQJ�SUHIHUHQFH�IRU�QRQWUDGDEOH�JRRGV��WKHQ�WKH�XQGHUO\LQJ�YDULDEOH�RI�LQWHUHVW

PD\� KDYH� EHHQ� RPLWWHG��:KLOH� WKHUH� LV� VXEVWDQWLDO� FRUUHODWLRQ� EHWZHHQ� WKH� WZR� YDULDEOHV�� WKH

FRUUHODWLRQ� LV�QHJDWLYH� LQ�PRVW� FDVHV�� VR� WKDW� WKH� FRLQWHJUDWLQJ� FRHIILFLHQW� RQ� UHODWLYH� LQFRPH� LV

LQFRUUHFWO\� VLJQHG�� 7KH� H[FHSWLRQV� DUH� -DSDQ�� .RUHD�� DQG� WKH� 3KLOLSSLQHV� �WKH� ODWWHU� LV� QRW

VLJQLILFDQW��VHH�$SSHQGL[�7DEOH�����7R�IXUWKHU� LQVXUH�WKDW�WKH�UHVXOWV�DUH�QRW�GULYHQ�E\�RPLWWHG

YDULDEOH� ELDV�� ,� DXJPHQW� WKH� JHQHUDO� HUURU� FRUUHFWLRQ� VSHFLILFDWLRQ� LQFOXGLQJ� SURGXFWLYLW\�

JRYHUQPHQW�VSHQGLQJ�DQG�RLO�SULFHV�ZLWK�WKH�UHODWLYH�LQFRPH�YDULDEOH��,Q�QR�FDVH�LV�WKH�HVWLPDWH

RQ�WKH�SUHIHUHQFHV�YDULDEOH�VWDWLVWLFDOO\�VLJQLILFDQW��DQG�LQ�WKH�FRUUHFW�GLUHFWLRQ��+HQFH��IRU�PRVW

RI�WKHVH�FXUUHQFLHV��WKH�UROH�RI�UHODWLYH�SURGXFWLYLW\�GLIIHUHQWLDOV�LQ�H[FKDQJH�UDWH�GHWHUPLQDWLRQ

LV�QRW�D�SUR[\�IRU�SUHIHUHQFHV�

���3DQHO�(YLGHQFH

6LQFH� WKH� WLPH� VHULHV� GDWD� DUH� RQO\� SDUWO\� LQIRUPDWLYH� UHJDUGLQJ� FRLQWHJUDWLRQ�� D

UHDVRQDEOH�PDQQHU�LQ�ZKLFK�WR�SURFHHG�LV�WR�H[SORLW�WKH�FURVV�VHFWLRQ�LQIRUPDWLRQ��$W�ILUVW�JODQFH

D�FURVV�VHFWLRQ�DSSURDFK�KDV�VRPH�DSSHDO��,Q�)LJXUHV����DQG�����WKH�GDWD� LQ�7DEOH���DUH�SORWWHG

�KHUH�WKH�UHDO�H[FKDQJH�UDWH�LV�H[SUHVVHG�LQ�86��IRUHLJQ�FXUUHQF\�XQLW��VR�D�QHJDWLYH�FRUUHODWLRQ

LV� LPSOLHG���&KLQD�KDV�EHHQ�H[FOXGHG� LQ�ERWK� ILJXUHV�� ,Q�ERWK�FDVHV�� WKH�QHJDWLYH� UHODWLRQVKLS� LV

DSSDUHQW��)RU�WKH�H[FKDQJH�UDWH���UHODWLYH�SULFH�UHODWLRQVKLS��D�VLPSOH�2/6�UHJUHVVLRQ�\LHOGV�
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,Q� FRQWUDVW�� WKH� UHODWLYH� LQFRPH� SHU� FDSLWD� YDULDEOH� GRHV� QRW� DSSHDU� WR� EH� DQ� LPSRUWDQW

GHWHUPLQDQW� RI� WKH� UHDO� H[FKDQJH� UDWH�� 7KH� VFDWWHUSORW� LV� VKRZQ� LQ� )LJXUH� ���� 7KH� UHJUHVVLRQ

HVWLPDWHV�DUH�

8080

)2920()0100(

~19700040

=N   . = R

.   .
u + yx.. = q

2

t

−

∆−∆

+HQFH�,�HVWLPDWH�SDQHO�HUURU�FRUUHFWLRQ�PRGHOV�FRUUHVSRQGLQJ�WR�WKRVH�HVWLPDWHG�LQ�WKH�SUHYLRXV

VHFWLRQV�� 7KH� HFRQRPHWULF� EDVLV� IRU� XQGHUWDNLQJ� VXFK� UHJUHVVLRQV� LV� GLVFXVVHG� LQ� &KLQQ� DQG

-RKQVWRQ��������

����7KH�5HODWLYH�3ULFH�RI�7UDGDEOHV�1RQWUDGDEOHV

,Q� 7DEOH� ��� WKH� UHODWLRQVKLS� EHWZHHQ� WKH� UHDO� H[FKDQJH� UDWH� DQG� WKH� UHODWLYH� SULFH� RI

WUDGDEOHV�YHUVXV�QRQWUDGDEOHV�LV�LQYHVWLJDWHG��5DWKHU�VXUSULVLQJO\��LQ�D�VSHFLILFDWLRQ�WKDW�LQFOXGHV

WLPH�DQG�FXUUHQF\�GXPPLHV��EXW�FRQVWUDLQV�WKH�VORSH�FRHIILFLHQWV�WR�EH�WKH�VDPH�RYHU�FXUUHQFLHV�

WKH�HVWLPDWHG�UDWH�RI�UHYHUVLRQ�WR�HTXLOLEULXP�LV� �������VWDWLVWLFDOO\� VLJQLILFDQW�DW� WKH����06/��

7KLV�LV�VRPHZKDW�VORZHU�WKDQ�WKH�UDWHV�HVWLPDWHG�XVLQJ�WLPH�VHULHV�GDWD��DQG�LPSOLHV�D�UDWKHU�ORQJ

GHYLDWLRQ�KDOI�OLIH�RI�DERXW���\HDUV��LW�LV�QRW�FOHDU�LI�WKLV�UHVXOW�LV�GXH�WR�PLVVSHFLILFDWLRQ��$�:DOG

WHVW�RQ�D�FRPPRQ�UDWH�RI�UHYHUVLRQ�FRHIILFLHQW�LV�QRW�UHMHFWHG��KRZHYHU��WKLV�PD\�EH�GXH�WR�WKH

SRRU� ILW� RI� WKH� PRGHO�� 7KH� SRLQW� HVWLPDWH� RI� ������� RQ� WKH� FRHIILFLHQW� RQ� WKH� UHODWLYH� SULFH

YDULDEOH�LV�VWDWLVWLFDOO\�VLJQLILFDQW�DW�WKH����06/�



��

6LQFH�WKH�&KLQHVH�FRHIILFLHQW�DSSHDUV�WR�EH�LQGLYLGXDOO\�VLJQLILFDQW�DW�WKH�����06/�LQ�DQ

XQFRQVWUDLQHG�VSHFLILFDWLRQ��LW�PDNHV�VHQVH�WR�H[DPLQH�WKH�UHVXOWV�H[FOXGLQJ�WKH�&KLQHVH�VHULHV�

,Q�FROXPQ����WKH�HVWLPDWHG�UDWH�RI�UHYHUVLRQ�LV�PXFK�PRUH�UDSLG�������������LPSO\LQJ�D�GHYLDWLRQ

KDOI� OLIH� RI� DERXW� ���� \HDUV�� 7KH� FRHIILFLHQW� RQ� WKH� UHODWLYH� SULFH� YDULDEOH� LV� DJDLQ� SODXVLEOH� LQ

PDJQLWXGH��DQG�ERWK�NH\�FRHIILFLHQWV�DUH�KLJKO\�VLJQLILFDQW�

�����5HODWLYH�3URGXFWLYLW\�/HYHOV

,Q�WKH�UHPDLQLQJ�FROXPQV�RI�7DEOH����,�H[DPLQH�WKH�UROH�RI�SURGXFWLYLW\�DQG�RWKHU�IDFWRUV

LQ�D�VDPSOH�H[FOXGLQJ�&KLQD��,I�UHODWLYH�SULFHV�GR�QRW��H[SODLQ�WKH�HYROXWLRQ�RI�WKLV�UHDO�H[FKDQJH

UDWH�� LW� LV� XQOLNHO\� WKDW� UHODWLYH� SURGXFWLYLW\� OHYHOV�ZLOO� SHUIRUP� DQ\� EHWWHU��&ROXPQ� �� UHSRUWV

UHVXOWV� IRU�WKH�EDVLF�VSHFLILFDWLRQ��$OWKRXJK�WKH�HVWLPDWHG�UDWH�RI� UHYHUVLRQ� LV� VRPHZKDW� VORZHU

WKDQ�WKDW�LQGLFDWHG�LQ�WKH�UHODWLYH�SULFH�VSHFLILFDWLRQ��WKH�SRLQW�HVWLPDWH�RI��������LV�VWDWLVWLFDOO\

VLJQLILFDQW�� 8QIRUWXQDWHO\�� WKH� SRLQW� HVWLPDWH� IRU� WKH� HIIHFW� RI� VHFWRUDO� SURGXFWLYLW\� LV� QRW

VLJQLILFDQW�

7KH� LQIOXHQFH�RI�SURGXFWLYLW\�PD\�EH�REVFXUHG�E\�WKH�RPLVVLRQ�RI�UHOHYDQW�YDULDEOHV�� ,Q

WKH� QH[W� WZR� FROXPQV�� ,� DXJPHQW� WKH� VSHFLILFDWLRQ�ZLWK� FKDQJHV� LQ� JRYHUQPHQW� VSHQGLQJ�� DQG

ZLWK� RLO� SULFHV�� *RYHUQPHQW� VSHQGLQJ� GRHV� QRW� HQWHU� ZLWK� VWDWLVWLFDO� VLJQLILFDQFH� LQ� HLWKHU

VSHFLILFDWLRQ��5HDO�RLO�SULFHV�GR�QRW�HQWHU�LQWR�WKH�ORQJ�UXQ�UHODWLRQ��DOWKRXJK�WKH\�FHUWDLQO\�GR�LQ

WKH�VKRUW�UXQ��YLD�FRQWHPSRUDQHRXV�FKDQJHV��7KH�DEVHQFH�RI�D�UROH�IRU�RLO�SULFHV�LV�QRW�VXUSULVLQJ

JLYHQ�WKH�KHWHURJHQHLW\�LQ�WKH�FRXQWULHV��,QGRQHVLD�LV�DQ�RLO�H[SRUWHU��ZKLOH�-DSDQ�DQG�.RUHD�DUH

RLO� LPSRUWHUV�� 6WLOO� D� UHVWULFWLRQ� RQ� D� FRPPRQ� VORSH� FRHIILFLHQW� RQ� ORQJ� UXQ� RLO� SULFHV� LV� QRW

UHMHFWHG�E\� D�:DOG� WHVW��RQO\� WKH� UHVWULFWLRQ�RQ� VKRUW� UXQ�HIIHFWV� LV� UHMHFWHG� �DW� D� KLJK� OHYHO� RI

VLJQLILFDQFH��

6LQFH�QR�WLPH�VHULHV�VXSSRUW�ZDV�REWDLQHG�IRU�WKH�SURGXFWLYLW\�EDVHG�PRGHO�IRU�6LQJDSRUH�

7DLZDQ�DQG�7KDLODQG��LW�VHHPV�LQDSSURSULDWH�WR�SRRO�WKHVH�FRXQWULHV�ZLWK�WKH�RWKHUV��,Q�7DEOH����,

UHSRUW� WKH� UHVXOWV� UHVWULFWLQJ� WKH� VDPSOH� HYHQ� IXUWKHU�� 5HVXOWV� IRU� WKH� EDVLF� VSHFLILFDWLRQ�� WKDW

DXJPHQWHG�E\�JRYHUQPHQW�VSHQGLQJ�FKDQJHV��DQG�E\�RLO�SULFHV�DUH�UHSRUWHG��,Q�DOO�FDVHV��WKH�UDWH

RI� UHYHUVLRQ� LV� HVWLPDWHG� TXLWH� SUHFLVHO\� DW� DERXW� ���� SHU� DQQXP�� )XUWKHUPRUH�� WKH� SRLQW

HVWLPDWHV�IRU�WKH�SURGXFWLYLW\�FRHIILFLHQW�DUH�SODXVLEOH��DOWKRXJK�RQO\�VLJQLILFDQW�DW�WKH�����06/�

,Q� RUGHU� WR� LQVXUH� WKDW� WKH� UHVXOWV� DUH� QRW� EHLQJ� GULYHQ� E\� LQDSSURSULDWH� FURVV�FXUUHQF\



��

UHVWULFWLRQV��,�KDYH�FRQGXFWHG�D�VHULHV�RI�:DOG�WHVWV��7KH�RQO\�UHVWULFWLRQ�FOHDUO\�UHMHFWHG�E\�WKH

GDWD�LV�WKDW�RQ�WKH�VKRUW�UXQ�RLO�SULFH�FRHIILFLHQW��8QFRQVWUDLQLQJ�WKLV�FRHIILFLHQW�GRHV�QRW�FKDQJH

WKH�HVWLPDWHV�RQ�WKH�RWKHU�YDULDEOHV�PXFK��VR�RQH�FDQ�FRQFOXGH�WKDW�WKHUH�LV�VRPH�SDQHO�HYLGHQFH

LQ�VXSSRUW�RI�WKH�DXJPHQWHG�SURGXFWLYLW\�EDVHG�PRGHO�

���&RQFOXVLRQV

,Q�WKLV�SDSHU��,�KDYH�H[DPLQHG�WKH�HYLGHQFH�IRU�D�SURGXFWLYLW\�EDVHG�H[SODQDWLRQ�IRU�ORQJ

UXQ� PRYHPHQWV� LQ� (DVW� $VLDQ� UHDO� H[FKDQJH� UDWHV�� ,� ILQG�� VRPHZKDW� LQ� FRQWUDVW� WR� ,VDUG� DQG

6\PDQVN\���������WKDW�WKHUH�LV�VRPH�HYLGHQFH�LQ�IDYRU�RI�VXFK�H[SODQDWLRQV��)XUWKHUPRUH��,�DP

DEOH�WR�JR�EH\RQG�SUHYLRXV�VWXGLHV
�ILQGLQJV�WR�FRQFOXGH�WKDW�ULVLQJ�SUHIHUHQFHV�WRZDUG�VHUYLFHV�LV

QRW�DW�WKH�KHDUW�RI�WKH�VHFXODU�DSSUHFLDWLRQ�LQ�PRVW�(DVW�$VLDQ�UHDO�H[FKDQJH�UDWHV��+RZHYHU��WKH

HYLGHQFH�RQ� WKH�SURGXFWLYLW\�EDVHG�PRGHO� LV�E\�QR�PHDQV�FRQFOXVLYH��HVSHFLDOO\� DV� LW� UHODWHV� WR

VRPH�RI�WKH�FRXQWULHV�QRZ�JURZLQJ�WKH�PRVW�UDSLGO\����&KLQD�DQG�7KDLODQG�

)LQDOO\��LW�PXVW�EH�DGPLWWHG�WKDW�WKH�UHDO�H[FKDQJH�UDWH�H[KLELWV�ODUJH�VZLQJV�DZD\�IURP

WKH� HTXLOLEULXP� UDWH� DV� SUHGLFWHG� E\� HLWKHU� WKH� UHODWLYH� SULFH� RI� WUDGDEOHV� WR� QRQWUDGDEOHV�� RU

UHODWLYH�SURGXFWLYLW\�OHYHOV��7KH�PRVW�SODXVLEOH�H[SODQDWLRQ�IRU�WKLV�ILQGLQJ����WKDW�UHODWLYH�SULFHV

RI� WUDGHG� JRRGV� FDQ� H[KLELW� VXEVWDQWLDO� SHUVLVWHQFH� ��� VXJJHVWV� WKDW� FORVHU� H[DPLQDWLRQ� RI� WKH

FKDQJLQJ�FRPSRVLWLRQ�RI�(DVW�$VLDQ�H[SRUWV�DQG�LPSRUWV�RYHU�WLPH�LV�ZDUUDQWHG��&DURODQ��6LQJK

DQG�7DODWL� ������� KDYH� FRQILUPHG� DW� WKH� IRXU� GLJLW� 6,7&� OHYHO� WKDW� WKH�(DVW�$VLDQ� HYROXWLRQ� RI

WUDGH� FRPSRVLWLRQ� KDV� EHHQ� UHPDUNDEO\� UDSLG�� +HQFH�� H[SODQDWLRQ� IRU� WKH� ORQJ� VZLQJV� LQ� WKLV

YDULDEOH�PD\�UHTXLUH�D�PRUH�GLVDJJUHJDWH�DSSURDFK�
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5HIHUHQFHV

%DKPDQL�2VNRRHH�� 0RKVHQ�� DQG� +\XQ�-DH� 5KHH�� ������ �7LPH�6HULHV� 6XSSRUW� IRU� %DODVVD
V
3URGXFWLYLW\�%LDV�+\SRWKHVLV��(YLGHQFH�IURP�.RUHD���5HYLHZ�RI�,QWHUQDWLRQDO�(FRQRPLFV������������

%DODVVD��%HOD���������7KH�3XUFKDVLQJ�3RZHU�3DULW\�'RFWULQH��$�5HDSSUDLVDO���-RXUQDO�RI�3ROLWLFDO
(FRQRP\�������������

%DOYHUV��5RQDOG�DQG�-HIIUH\�%HUJVWUDQG������D���(TXLOLEULXP�5HDO�([FKDQJH�5DWHV��&ORVHG�)RUP
7KHRUHWLFDO� 6ROXWLRQV� DQG� 6RPH� (PSLULFDO� (YLGHQFH��� -RXUQDO� RI� ,QWHUQDWLRQDO�0RQH\� DQG� )LQDQFH
���������������

%DOYHUV��5RQDOG�DQG�-HIIUH\�%HUJVWUDQG������E���*RYHUQPHQW�([SHQGLWXUHV�DQG�(TXLOLEULXP�5HDO
([FKDQJH�5DWHV���0LPHR���1RWUH�'DPH��,1��'HSW��RI�)LQDQFH��8��1RWUH�'DPH��$SULO��

%HUJVWUDQG��-HIIUH\���������6WUXFWXUDO�'HWHUPLQDQWV�RI�5HDO�([FKDQJH�5DWHV�DQG�1DWLRQDO�3ULFH
/HYHOV��6RPH�(PSLULFDO�(YLGHQFH���$PHULFDQ�(FRQRPLF�5HYLHZ����������������

%UHXHU��-DQLFH�%RXFKHU���������$Q�$VVHVVPHQW�RI�WKH�(YLGHQFH�RQ�3XUFKDVLQJ�3RZHU�3DULW\���LQ
-RKQ� :LOOLDPVRQ� �HG���� (VWLPDWLQJ� (TXLOLEULXP� ([FKDQJH� 5DWHV� �:DVKLQJWRQ�� '&�� ,QVWLWXWH� IRU
,QWHUQDWLRQDO�(FRQRPLFV�����������

&DQ]RQHUL��0DWWKHZ��5REHUW�&XPE\�DQG�%HK]DG�'LED���������5HODWLYH�/DERU�3URGXFWLYLW\�DQG
WKH� 5HDO� ([FKDQJH� 5DWH� LQ� WKH� /RQJ� 5XQ�� (YLGHQFH� IRU� D� 3DQHO� RI� 2(&'� &RXQWULHV���1%(5
:RUNLQJ�3DSHU�������

&DURODQ�� 7HUULH�� 1LUYLNDU� 6LQJK� DQG� &\UXV� 7DODWL�� ������ �7KH� &RPSRVLWLRQ� RI� 8�6��(DVW� $VLD
7UDGH� DQG� &KDQJLQJ� &RPSDUDWLYH� $GYDQWDJH��� :RUNLQJ� 3DSHU� �6DQWD� &UX]�� 8QLYHUVLW\� RI
&DOLIRUQLD��'HSW��RI�(FRQRPLFV��6HSWHPEHU��

&KHXQJ��<LQ�:RQJ�DQG�.RQ��6��/DL���������)LQLWH�6DPSOH�6L]HV�RI�-RKDQVHQ
V�/LNHOLKRRG�5DWLR
7HVWV�IRU�&RLQWHJUDWLRQ���2[IRUG�%XOOHWLQ�RI�(FRQRPLFV�DQG�6WDWLVWLFV���������������

&KLQQ��0HQ]LH���������$VLDQ�3DFLILF�5HDO�([FKDQJH�5DWHV�DQG�5HODWLYH�3ULFHV���:RUNLQJ�3DSHU
������'HSW��RI�(FRQRPLFV��8QLY��RI�&DOLI���6DQWD�&UX]��-XO\��

&KLQQ��0HQ]LH�DQG�/RXLV�-RKQVWRQ���������5HDO�([FKDQJH�5DWH�/HYHOV��3URGXFWLYLW\�DQG�'HPDQG
6KRFNV��(YLGHQFH�IURP�D�3DQHO�RI����&RXQWULHV���1%(5�:RUNLQJ�3DSHU�������

'H*UHJRULR�� -RVH� DQG� +ROGHU� :ROI�� ������ �7HUPV� RI� 7UDGH�� 3URGXFWLYLW\�� DQG� WKH� 5HDO
([FKDQJH�5DWH���1%(5�:RUNLQJ�3DSHU��������-XO\��

(QJHO��&KDUOHV�� ������ �$FFRXQWLQJ� IRU�86�5HDO� ([FKDQJH�5DWH�&KDQJHV���1%(5�:RUNLQJ� 3DSHU
������
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(QJHO��&KDUOHV���������/RQJ�5XQ�333�0D\�1RW�+ROG�$IWHU�$OO���1%(5�:RUNLQJ�3DSHU�������

)UDQNHO�� -HIIUH\� DQG�$QGUHZ�5RVH���������$�3DQHO�3URMHFW�RQ�3XUFKDVLQJ�3RZHU�3DULW\��0HDQ
5HYHUVLRQ�ZLWKLQ�DQG�EHWZHHQ�&RXQWULHV���-RXUQDO�RI�,QWHUQDWLRQDO�(FRQRPLFV�����������������

+DUURG��5R\��������,QWHUQDWLRQDO�(FRQRPLFV��/RQGRQ��1LVEHW�DQG�&DPEULGJH�8QLYHUVLW\�3UHVV��

,VDUG�� 3HWHU� DQG� 6WHYHQ� 6\PDQVN\�� ������ �/RQJ� 5XQ� 0RYHPHQWV� LQ� 5HDO� ([FKDQJH� 5DWHV��
&KDSWHU� �� LQ� 7DNDWRVKL� ,WR�� 3HWHU� ,VDUG�� 6WHYHQ� 6\PDQVN\� DQG� 7DPLP� %D\RXPL��([FKDQJH� 5DWH
0RYHPHQWV� DQG� 7KHLU� ,PSDFW� RQ� 7UDGH� DQG� ,QYHVWPHQW� LQ� WKH� $3(&� 5HJLRQ�� 2FFDVLRQDO� 3DSHU� ���
�:DVKLQJWRQ��'&��,QWHUQDWLRQDO�0RQHWDU\�)XQG��'HFHPEHU��

-RKDQVHQ�� 6¡UHQ�� ������ �6WDWLVWLFDO� $QDO\VLV� RI� &RLQWHJUDWLQJ� 9HFWRUV��� -RXUQDO� RI� (FRQRPLF
'\QDPLFV�DQG�&RQWURO������������

.UHPHUV�� -HURHQ��1HLO�(ULFVVRQ� DQG� -XDQ�'RODGR�� ������ �7KH�3RZHU� RI�&RLQWHJUDWLRQ�7HVWV��
2[IRUG�%XOOHWLQ�RI�(FRQRPLFV�DQG�6WDWLVWLFV�������������

/LQGHU��6WDIIDQ�%XUHQVWDP��������$Q�(VVD\�RQ�7UDGH�DQG�7UDQVIRUPDWLRQ��1<��:LOH\��

/RWKLDQ��-DPHV�5��DQG�0DUN�3��7D\ORU���������5HDO�([FKDQJH�5DWH�%HKDYLRU��7KH�5HFHQW�)ORDW
IURP�WKH�3HUVSHFWLYH�RI�WKH�3DVW�7ZR�&HQWXULHV���-RXUQDO�RI�3ROLWLFDO�(FRQRP\�����������������

3DSHOO�� 'DYLG�� ������ �6HDUFKLQJ� IRU� 6WDWLRQDULW\�� 3XUFKDVLQJ� 3RZHU� 3DULW\� XQGHU� WKH� &XUUHQW
)ORDW���-RXUQDO�RI�,QWHUQDWLRQDO�(FRQRPLFV������������������

3KLOOLSV�� 3HWHU� &�%�� DQG� 0LFR� /RUHWDQ�� ������ �(VWLPDWLQJ� /RQJ�UXQ� (TXLOLEULD��� 5HYLHZ� RI
(FRQRPLF�6WXGLHV�������������

3K\ODNWLV��.DWH�DQG�<LDQQLV�.DVVLPDWLV���������'RHV�WKH�5HDO�([FKDQJH�5DWH�)ROORZ�D�5DQGRP
:DON"� 7KH� 3DFLILF� %DVLQ� 3HUVSHFWLYH��� -RXUQDO� RI� ,QWHUQDWLRQDO� 0RQH\� 	� )LQDQFH� �����
�$XJXVW����������

5ROGRV�� -RUJH� (��� ������ �7KH� 7HUPV� RI� 7UDGH� DQG� WKH� 5HDO� ([FKDQJH� 5DWH��� 0LPHR
�6HSWHPEHU��

6DPXHOVRQ��3DXO���������7KHRUHWLFDO�1RWHV�RQ�7UDGH�3UREOHPV���5HYLHZ�RI�(FRQRPLFV�DQG�6WDWLVWLFV
������������

6WRFN��-DPHV��DQG�0DUN�:DWVRQ��������$�6LPSOH�(VWLPDWRU�RI�&RLQWHJUDWLQJ�9HFWRUV�LQ�+LJKHU
2UGHU�,QWHJUDWHG�6\VWHPV��(FRQRPHWULFD�������������
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6XPPHUV��5REHUW�DQG�$ODQ�+HVWRQ���������7KH�3HQQ�:RUOG�7DEOH��0DUN�����$Q�([SDQGHG�6HW
RI�,QWHUQDWLRQDO�&RPSDULVRQV���4XDUWHUO\�-RXUQDO�RI�(FRQRPLFV�������������

8QLRQ� %DQN� RI� 6ZLW]HUODQG�� ������ 3ULFHV� DQG� (DUQLQJV� DURXQG� WKH� *OREH� �=XULFK�� 8QLRQ� %DQN� RI
6ZLW]HUODQG��$XJXVW��

:X�� +VLX�/LQJ�� ������ �7HVWLQJ� IRU� WKH� )XQGDPHQWDO� 'HWHUPLQDQWV� RI� WKH� /RQJ�5XQ� 5HDO
([FKDQJH�5DWH��7KH�&DVH�RI�7DLZDQ���1%(5�:RUNLQJ�3DSHU��������2FWREHU��

<RXQJ��$OZ\Q���������7KH�7\UDQQ\�RI�1XPEHUV��&RQIURQWLQJ�WKH�6WDWLVWLFDO�5HDOLWLHV�RI�WKH�(DVW
$VLDQ�*URZWK�([SHULHQFH���4XDUWHUO\�-RXUQDO�RI�(FRQRPLFV�����������������

=LYRW�� (ULF�� ������ �7KH� 3RZHU� RI� 6LQJOH� (TXDWLRQ� 7HVWV� IRU� &RLQWHJUDWLRQ� ZKHQ� WKH
&RLQWHJUDWLQJ�9HFWRU�,V�3UHVSHFLILHG���0LPHR��6HDWWOH��8QLYHUVLW\�RI�:DVKLQJWRQ��0D\��
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'DWD�$SSHQGL[

([FKDQJH� UDWHV�� SHULRG� DYHUDJH�� OLQH� UI�� ,0)�� ,QWHUQDWLRQDO� )LQDQFLDO� 6WDWLVWLFV�� 1RYHPEHU� ����
&'�520��DQG�IRU�7DLZDQ��%DQN�RI�&KLQD��)LQDQFLDO�6WDWLVWLFV��YDULRXV�LVVXHV�

&RQVXPHU� SULFH� LQGLFHV�� � OLQH� ���� ,0)�� ,QWHUQDWLRQDO� )LQDQFLDO� 6WDWLVWLFV�� 1RYHPEHU� ����� &'�
520��DQG�IRU�7DLZDQ��%DQN�RI�&KLQD��)LQDQFLDO�6WDWLVWLFV��YDULRXV�LVVXHV�

1RPLQDO� *'3� DQG� UHDO� *'3�� :RUOG� %DQN�� :RUOG� 7DEOHV�� ����� &'�520�� DQG� $VLDQ
'HYHORSPHQW�%DQN��.H\�,QGLFDWRUV�RI�'HYHORSLQJ�$VLDQ�DQG�3DFLILF�&RXQWULHV��YDULRXV�LVVXHV��DQG�%DQN
RI�&KLQD��)LQDQFLDO�6WDWLVWLFV��YDULRXV�LVVXHV�

6HFWRUDO�RXWSXW��DW�IDFWRU�FRVW��LQ�QRPLQDO�DQG�UHDO�WHUPV��:RUOG�%DQN��:RUOG�7DEOHV�������&'�
520��DQG�IRU�0DOD\VLD��DQG�7DLZDQ��$VLDQ�'HYHORSPHQW�%DQN��.H\�,QGLFDWRUV�RI�'HYHORSLQJ�$VLDQ
DQG�3DFLILF�&RXQWULHV��YDULRXV�LVVXHV�

6HFWRUDO� HPSOR\PHQW�� $VLDQ� 'HYHORSPHQW� %DQN�� .H\� ,QGLFDWRUV� RI� 'HYHORSLQJ� $VLDQ� DQG� 3DFLILF
&RXQWULHV�� YDULRXV� LVVXHV�� DQG� ,QWHUQDWLRQDO� /DERXU� 2IILFH�� <HDUERRN� RI� /DERXU� 6WDWLVWLFV�� YDULRXV
LVVXHV�

/DERU� SURGXFWLYLW\�� )RU� DOO� $VLDQ� /'&V�� VHFWRUDO� RXWSXW�VHFWRUDO� HPSOR\PHQW�� �7UDGDEOH��  
PDQXIDFWXULQJ�� �1RQWUDGDEOH��  � RWKHU�� )RU� 86� DQG� -DSDQ�� LQGLFHV� IURP� 2(&'� ,QWHUQDWLRQDO
6HFWRUDO� 'DWD� %DVH� �,6'%��� �7UDGDEOH��  � LQGXVWU\�� PLQLQJ�� WUDQVSRUWDWLRQ�� DJULFXOWXUH�
�1RQWUDGDEOH�� �VHUYLFHV��FRQVWUXFWLRQ��JRYHUQPHQW�

$OWHUQDWH�PDQXIDFWXULQJ�ODERU�SURGXFWLYLW\�PHDVXUH��:RUOG�%DQN��:RUOG�7DEOHV�������&'�520�

*RYHUQPHQW� VSHQGLQJ�� *RYHUQPHQW� FRQVXPSWLRQ�� IURP�:RUOG� %DQN��:RUOG� 7DEOHV� ����� &'�
520���*���LV�WKH�ORJ�RI�JRYHUQPHQW�FRQVXPSWLRQ�VSHQGLQJ�GLYLGHG�E\�*'3��

$OWHUQDWH�JRYHUQPHQW�VSHQGLQJ��*RYHUQPHQW�FRQVXPSWLRQ��IURP�:RUOG�%DQN��:RUOG�7DEOHV�����
&'�520���*����LV�WKH�ORJ�RI�JRYHUQPHQW�FRQVXPSWLRQ�VSHQGLQJ��GHIODWHG�E\�WKH�VHUYLFH�SOXV
FRQVWUXFWLRQ�VHFWRU�GHIODWRU��GLYLGHG�E\�UHDO�*'3��

7HUPV� RI� 7UDGH�� 3ULFH� RI� H[SRUWV� GLYLGHG� E\� SULFH� RI� LPSRUWV�� ERWK� LQ� 86�� WHUPV�� ,0)�
,QWHUQDWLRQDO� )LQDQFLDO� 6WDWLVWLFV�� &'�520�� �,)6� OLQHV� ����G� DQG� ����G�� UHVSHFWLYHO\��� 1R� GDWD
DYDLODEOH�IRU�7DLZDQ��QRU�LPSRUW�SULFH�GDWD�IRU�,QGRQHVLD�

2LO�SULFHV��,0)��,QWHUQDWLRQDO�)LQDQFLDO�6WDWLVWLFV��&'�520���/532,/�LV�ORJ�SULFH�RI�RLO�� ,)6� OLQH
��DDG��GHIODWHG�E\�86�&3,��

5HDO� H[FKDQJH� UDWH�� �4���� 1RPLQDO� H[FKDQJH� UDWH� DGMXVWHG� E\� DJJUHJDWH� *'3� GHIODWRUV�
�4�����1RPLQDO�H[FKDQJH�UDWH�DGMXVWHG�E\�&3,V�
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,QFRPH� SHU� FDSLWD�� *'3� SHU� FDSLWD� LQ� 6XPPHUV� DQG� +HVWRQ� ������ ,QWHUQDWLRQDO�� GROODUV� �WKH
FKDLQ�ZHLJKWHG�YDULDEOH��5*'3&+���7KH�GDWD�ZHUH�GUDZQ�IURP�WKH�3HQQ�:RUOG�7DEOHV������RQ
GLVNHWWH�

�5HODWLYH�SULFHV����RWKHU�VHFWRU�GHIODWRU�PDQXIDFWXULQJ�VHFWRU�GHIODWRU��LQ�ORJ�WHUPV�

�5HODWLYH� SURGXFWLYLW\��� �PDQXIDFWXULQJ� VHFWRU� SURGXFWLYLW\�RWKHU� VHFWRU� SURGXFWLYLW\�� LQ� ORJ
WHUPV�

�5HODWLYH�3UHIHUHQFHV���ORJ�5*'3&+86����ORJ�5*'3&+����
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$SSHQGL[��&RPSDULVRQ�RI�3URGXFWLYLW\�0HDVXUHV

,Q�WKLV�DSSHQGL[��,�GLVFXVV�WKH�FKDUDFWHULVWLFV�RI�WKH�GDWD�XVHG�LQ�WKH�SDSHU��7KH�ILUVW�DVSHFW
LV� WKH� GHJUHH� RI� FRUUHVSRQGHQFH� EHWZHHQ� WKH� FDOFXODWHG� VHULHV� ZLWK� DOWHUQDWLYH� PHDVXUHV� RI
WUDGDEOH� DQG� QRQWUDGDEOH� VHFWRU� SURGXFWLYLW\�� 7KH� VHFRQG� LV� WKH� PDWFK� RI� WKH� :RUOG� %DQN
V
PHDVXUHV�RI�PDQXIDFWXULQJ�SURGXFWLYLW\�YHUVXV�WKRVH�,�FDOFXODWH�IURP�:RUOG�%DQN�DQG�$'%�GDWD�
7KH�WKLUG�LV�WKH�LPSOLFDWLRQV�RI�XVLQJ�ODERU�SURGXFWLYLW\�LQVWHDG�RI�WRWDO�IDFWRU�SURGXFWLYLW\�GDWD�

$���7UDGDEOH�DQG�1RQWUDGDEOH�6HFWRU�3URGXFWLYLW\�0HDVXUHV

2I�WKH�(DVW�$VLDQ�FRXQWULHV��-DSDQ�LV�WKH�RQO\�RQH�IRU�ZKLFK�ERWK�:RUOG�%DQN�DQG�2(&'
GDWD�DUH�DYDLODEOH��7KH�WZR�PHDVXUHV�DUH�GHSLFWHG�EHORZ��IRU�ERWK�WKH�WUDGDEOH�DQG�QRQWUDGDEOH
VHFWRUV���7KH�VHULHV�DUH�UHVFDOHG�WR�D�FRPPRQ�EDVH�RI������ ���

7KH� WZR� VHULHV� PDWFK� XS� LQ� HDFK� ILJXUH� TXLWH� ZHOO�� GHVSLWH� GLIIHULQJ� FRYHUDJH�� ,Q
$SSHQGL[�)LJXUH����WKH��&KLQQ�0HDVXUH�� LV� �:RUOG�%DQN�UHDO�PDQXIDFWXULQJ�RXWSXW�GLYLGHG�E\
PDQXIDFWXULQJ�HPSOR\PHQW��REWDLQHG�LQ�WKLV�FDVH�IURP�,/2��LQ�ORJ�WHUPV���7KH��,6'%�0HDVXUH�
LV�ODERU�SURGXFWLYLW\�IURP�WKH�2(&'
V�,QWHUQDWLRQDO�6HFWRUDO�'DWD�%DVH��DQG�FRYHUV�WRWDO�LQGXVWULDO
RXWSXW� DQG� DJULFXOWXUH�� ,Q� $SSHQGL[� )LJXUH� ��� WKH� &KLQQ� 0HDVXUH� LV� :RUOG� %DQN� RXWSXW� LQ
VHUYLFHV�DQG�FRQVWUXFWLRQ��GLYLGHG�E\�HPSOR\PHQW�LQ�WKDW�VHFWRU�

)RU�RWKHU�(DVW�$VLDQ�FRXQWULHV��WKH�&KLQQ�0HDVXUH�LV�:RUOG�%DQN�RU�$'%�RXWSXW�GLYLGHG
E\� HLWKHU� :RUOG� %DQN� RU� $'%� HPSOR\PHQW� ILJXUHV�� WKHVH� HPSOR\PHQW� ILJXUHV� DUH� XVXDOO\
DGMXVWHG� E\� DGGLQJ� WRJHWKHU� WKH� DSSURSULDWH� FDWHJRULHV� WR� PDWFK� WKH� VHFWRUDO� EUHDNGRZQ� RI
RXWSXW�

Appendix Figure 2: Japanese Nontradable
Productivity Measures

Appendix Figure 1: Japanese Tradable
Productivity Measures
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$���:RUOG�%DQN�DQG�&DOFXODWHG�0HDVXUHV�RI�0DQXIDFWXULQJ�3URGXFWLYLW\

)RU� WKH�RWKHU�(DVW�$VLDQ� FRXQWULHV�� WKHUH� LV� QR�ZD\� LQ�ZKLFK� WR�GHWHUPLQH�GLUHFWO\� WKH
YDOLGLW\�RI� WKH�QRQWUDGDEOHV�SUR[\� IRU�SURGXFWLYLW\�XVHG��+RZHYHU�� D� SDUWLDO� DVVHVVPHQW� FDQ�EH
PDGH� E\� LQVSHFWLQJ� WKH� UHSRUWHG� :RUOG� %DQN� PDQXIDFWXULQJ� SURGXFWLYLW\� HVWLPDWHV� �ODEHOHG
�,%5'�0HDVXUH��LQ�WKH�ILJXUHV�EHORZ��DQG�WKRVH�,�FDOFXODWH��7KHVH�SDLUV�RI�YDULDEOHV�DUH�GHSLFWHG
LQ�$SSHQGL[�)LJXUHV��� WKURXJK��� IRU�&KLQD�� ,QGRQHVLD��.RUHD��3KLOLSSLQHV� DQG� 6LQJDSRUH��(DFK
SDLU�RI�VHULHV�LV�UHVFDOHG�WR������ ���

$V� RQH� FDQ� VHH�� WKH� WZR� VHULHV� WKDW� VKRZ� WKH� JUHDWHVW� GHYLDWLRQ� DUH� &KLQD� DQG� WKH
3KLOLSSLQHV�� ,Q� WKH� RWKHU� FDVHV� IRU� ZKLFK� :RUOG� %DQN� PHDVXUHV� DUH� DYDLODEOH�� WKH� WUHQGV� DUH
VLPLODU��,Q�WKH�&KLQHVH�FDVH��WKH�,%5'�PHDVXUH�VKRZV�PXFK�PRUH�UDSLG�JURZWK��VR�WKDW�WKHUH�LV�D
VXEVWDQWLDO� XQGHUSUHGLFWLRQ�RI�PDQXIDFWXULQJ� SURGXFWLYLW\� E\� ������ ,� GR� QRW� UHSRUW� WKH� UHVXOWV
XVLQJ� WKH�:RUOG�%DQN�PHDVXUH�EHFDXVH� WKH\� IDLO� WR�SURYLGH� DQ\�SODXVLEOH�HVWLPDWHV� �WKH�ZURQJ
VLJQ� LV� REWDLQHG� RQ� UHODWLYH� SURGXFWLYLW\��� +RZHYHU�� EHFDXVH� RI� WKLV� GLVFUHSDQF\�� WKH� &KLQHVH
UHJUHVVLRQ�UHVXOWV�LQYROYLQJ�SURGXFWLYLW\�DUH�SUREDEO\�XQLQIRUPDWLYH�

,Q�WKH�3KLOLSSLQHV�FDVH�� LW� LV�XQFOHDU�ZK\�WKH�VHULHV�DUH� VR�GLYHUJHQW�� WKH� ,%5'�PHDVXUH
VKRZV�D�PXFK�OHVV�SURQRXQFHG�IDOO�LQ�WKH�ZDNH�RI�0DUFRV
�IDOO��DQG�D�PRUH�UDSLG�ULVH�LQ������WR
������ *LYHQ� WKH� DYDLODELOLW\� RI� WKH� ,%5'� PHDVXUH�� ,� KDYH� XVHG� WKLV� PHDVXUH� LQ� WKH� UHSRUWHG
UHJUHVVLRQ�UHVXOWV�

Appendix Figure 4: Indonesian
Manufacturing Productivity Measures

Appendix Figure 3: Chinese Manufacturing
Productivity Measures



��

Appendix Figure 6: Philippines Manu-
facturing Productivity Measures

Appendix Figure 5: Korean Manufacturing
Productivity Measures

Appendix Figure 7: Singapore Manu-
facturing Productivity Measures
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$���8VLQJ�/DERU�3URGXFWLYLW\�YHUVXV�7RWDO�)DFWRU�3URGXFWLYLW\

2QH�FDQ�GLUHFWO\�DVVHVV�WKH�LPSDFW�RI�XVLQJ�ODERU�SURGXFWLYLW\�GDWD�LQVWHDG�RI�WRWDO�IDFWRU
SURGXFWLYLW\�LQ�WKH�FDVH�RI�-DSDQ��$SSHQGL[�)LJXUH���LOOXVWUDWHV�WKH�UHODWLYH�UHODWLYH�SURGXFWLYLW\
UDWLRV�XVLQJ�WKH�WZR�PHDVXUHV�

7KH�WZR�VHULHV�FRYDU\�VXEVWDQWLDOO\��7KH�7)3�VHULHV�KDV�JUHDWHU�YDULDELOLW\��EXW�WKH�GULIW�WHUPV�DUH
HVVHQWLDOO\�WKH�VDPH�IRU�WKH�WZR�UDWLRV����������DQG���������IRU�WKH�ODERU�SURGXFWLYLW\�DQG�7)3
PHDVXUHV�UHVSHFWLYHO\��7KH�FRUUHODWLRQ�FRHIILFLHQW�LV������

5HJUHVVLRQV�LQFRUSRUDWLQJ�WKH�WZR�GLIIHUHQW�UHODWLYH�UHODWLYH�SURGXFWLYLW\�UDWLRV�\LHOG�WKH
IROORZLQJ�UHVXOWV�

/DERU�3URGXFWLYLW\�
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