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Resumen
Los modelos de ciclos reales han sido usados con éxito en las economías desarrolladas: su
aplicación a los países en desarrollo es aún incipiente. El crecimiento rápido pero inestable de las
economías emergentes y su relativo subdesarrollo de las estructuras de mercado suponen un desafío
formidable para los modelos neoclásicos de equilibrio general. En este trabajo se utilizan datos de
la economía chilena para explorar el efecto que tienen las rigideces de mercado y las políticas
macroeconómicas sobre la dinámica del consumo, inversión, inflación, y empleo.  Encontramos
que los modelos de ciclo real son capaces de replicar una parte sustancial las fluctuaciones de las
variables reales y nominales de la economía chilena. El modelo calibrado señala que los shocks
tecnológicos,  las políticas fiscales, y las rigideces del mercado laboral son la principal fuente de
ciclos económicos, en tanto que las políticas monetarias y la indización laboral juegan un rol menos
importante. De acuerdo a tests econométricos, el modelo es consistente con los datos.

Abstract
RBC models have been successful when applied to developed economies: their abilities in
replicating the data of emerging countries remain largely unexplored. The rapid but unstable growth
process in developing countries and their relatively less developed market structure pose a
formidable challenge to neoclassical general equilibrium models. Using data of the Chilean
economy, we explore the effects of market rigidities and macroeconomic policies on the dynamics
of consumption, investment, inflation and factor markets. We find that business cycles models
replicate much of the observed fluctuations of real and monetary variables in the Chilean economy,
despite its idiosyncratic economic structure. Using a calibrated model we find that technology
shocks, fiscal policies and labor market rigidities are the main sources of economic cycles, while
monetary policies and wage indexation play a minor role. Econometric tests support the use of our
calibrated model as an adequate representation of the Chilean data.

___________________
This research benefited from the generous support of the Central Bank of Chile. We are grateful of comments
and suggestions made by S. Claro, C. Johnson, C. Sims and participants at the annual meetings of the Society
for Economic Dynamics, Western Economic Association, LACEA and workshops at Banco Central de Chile
and the Pontificia Universidad Católica de Chile. Facundo Piguillem provided superb assistance.
E-mail: rsoto@faceapuc.cl.
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�� ,QWURGXFWLRQ

2QH�RI�WKH�PRVW�G\QDPLF�DUHDV�RI�PDFURHFRQRPLF�UHVHDUFK�LQ�WKH�ODVW�GHFDGHV�LV�WKDW�RI�5HDO

%XVLQHVV�&\FOH��5%&��PRGHOV��6LQFH�WKH�VHPLQDO�ZRUN�E\�.\GODQG�DQG�3UHVFRWW���������D�QXPEHU�RI

SDSHUV�KDYH� WHVWHG� WKH� DELOLW\� RI�QHRFODVVLFDO� JHQHUDO�HTXLOLEULXP�PRGHOV� WR� DFFRXQW� IRU� HFRQRPLF

IOXFWXDWLRQV��7KH�RULJLQDO� IUDPHZRUN�RI�.\GODQG�DQG�3UHVFRWW�KDV�EHHQ�H[WHQGHG� WR� LQFOXGH� ODERU

PDUNHW�ULJLGLWLHV��+DQVHQ���������WD[HV�DQG�JRYHUQPHQW�H[SHQGLWXUHV��0F*UDWWDQ������D���PRQH\�DQG

LQIODWLRQ��&RROH\�DQG�+DQVHQ���������RSHQ�HFRQRPLHV��%DFNXV�HW�DO���������DQG�LQFUHDVLQJ�UHWXUQV�WR

VFDOH� LQ� SURGXFWLRQ� �:HEHU�� ������� (DFK� RI� WKHVH� H[WHQVLRQV� KDV� EHHQ� VXFFHVVIXO� LQ� VROYLQJ� WKH

OLPLWDWLRQV� RI� FDOLEUDWHG� PRGHOV� WR� UHSOLFDWH� SDUWLFXODULWLHV� RI� WKH� GDWD� DQG� FDQ� SURYLGH� ULFKHU

H[SODQDWLRQV�RI�EXVLQHVV�F\FOHV��DOWKRXJK�DW�WKH�FRVW�RI�LQFUHDVLQJ�FRPSOH[LW\�

$OWKRXJK�5%&�PRGHOV�KDYH�EHHQ�VXFFHVVIXO�ZKHQ�DSSOLHG�WR�GHYHORSHG�HFRQRPLHV��WKHLU�DELOLW\

LQ�UHSOLFDWLQJ�WKH�GDWD�RI�HPHUJLQJ�FRXQWULHV�UHPDLQ�ODUJHO\�XQH[SORUHG��,Q�WKH�FDVH�RI�&KLOH��WKHUH�DUH

RQO\�D�IHZ�QRWHZRUWK\�H[FHSWLRQV���7KLV�SDSHU�SURYLGHV�WKH�ILUVW�V\VWHPDWLF�H[SORUDWLRQ�RI�5%&�PRGHOV

WR� WKH� &KLOHDQ� GDWD�� VWDUWLQJ� ZLWK� WKH� RULJLQDO� .\GODQG� DQG� 3UHVFRWW� IUDPHZRUN� DQG� LQWURGXFLQJ

LQFUHDVLQJ�GHJUHHV�RI�FRPSOH[LW\�LQ�WKH�DQDO\VLV��7KH�SXUSRVH�RI�WKLV�H[HUFLVH�LV�WR�WHVW�WKH�FDSDFLWLHV�RI

5%&�PRGHOV�WR�����UHSOLFDWH�WKH�VDOLHQW�FKDUDFWHULVWLFV�RI�WKH�REVHUYHG�DJJUHJDWH�IOXFWXDWLRQV�RI�WKH

HFRQRP\�LQ�WKH�����������SHULRG��DQG�����SURYLGH�LQVLJKWV�UHJDUGLQJ�WKH�FRQWULEXWLRQ�RI�ILVFDO�DQG

PRQHWDU\�SROLFLHV�WR�WKH�F\FOH�

7KH�FKDOOHQJH�WR�5%&�PRGHOV�SRVHG�E\�WKH�&KLOHDQ�H[SHULHQFH�LV�IRUPLGDEOH��)LUVW��LQ�WKH������

�����SHULRG�WKH�HFRQRP\�H[SHULHQFHG�D�UDSLG�EXW�XQVWDEOH�SDFH�RI�JURZWK��$OWKRXJK�*'3�JUHZ�DW�DQ

DYHUDJH�DQQXDO�UDWH�RI�������LW�DOVR�H[SHULHQFHG�VLJQLILFDQW�\HDU�WR�\HDU�IOXFWXDWLRQV��IURP�D�KLJK������

JURZWK�LQ������WR�RQO\�������LQ�������,Q�FRQWUDVW��LQ�WKH�VDPH�SHULRG�*'3�JURZWK�LQ�WKH�86�ZDV�����

DQG� IOXFWXDWHG�ZLWKLQ� D�QDUURZHU� UDQJH�RI� ���� WR�����6HFRQG�� LQ� WKLV�SHULRG�&KLOH� H[SHULHQFHG�D

UHPDUNDEOH�UHGXFWLRQ�LQ�LQIODWLRQ��IURP�D�KLJK�DQQXDO�UDWH�RI�����LQ������WR�OHVV�WKDQ����LQ������

ZKLFK� VXJJHVWV� WKDW� WKH� FRQWULEXWLRQ� RI� ERWK� QRPLQDO� DQG� UHDO� IOXFWXDWLRQV�PLJKW� KDYH� SOD\HG� DQ

LPSRUWDQW�UROH�GXULQJ�WKH�SHULRG��7KLUG��WKH�HFRQRPLF�VWUXFWXUH�RI�D�GHYHORSLQJ�FRXQWU\�VXFK�DV�&KLOH

GLIIHUV�PDUNHGO\�IURP�WKDW�RI�LQGXVWULDO�HFRQRPLHV�SUHFLVHO\�LQ�WKRVH�XQGHUO\LQJ�SDUDPHWHUV�WKDW�JRYHUQ

WKH�PHFKDQLFV�RI�5%&�PRGHOV��3DUWLFXODUO\�GLIIHUHQW�DUH�WKH�VWRFN�RI�FDSLWDO�DQG�WKH�FDSLWDO�RXWSXW�UDWLR�
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WKH�VL]H�DQG�FRPSRVLWLRQ�RI�JRYHUQPHQW�H[SHQGLWXUHV��WKH�FRPSRVLWLRQ�RI�FRQVXPSWLRQ�DQG�LQYHVWPHQW�

DQG�WKH�VL]H�RI�WHFKQRORJLFDO�VKRFNV�

7KH�VWUXFWXUH�RI�WKH�SDSHU� LV�DV�IROORZV��6HFWLRQ���SURYLGHV�D�VQDSVKRW�RI� WKH�PRVW�VDOLHQW

IHDWXUHV�RI�HFRQRPLF�F\FOHV�LQ�&KLOH���:H�XVH�VLPSOH�VWDWLVWLFV�WR�GLVFXVV�WKH�UHODWLYH�LPSRUWDQFH�RI�WKH

VKRFNV�WR�*'3�DQG�LWV�FRPSRQHQWV�DQG�WR�DVVHVV�WKHLU�WHPSRUDO�VWUXFWXUH��6HFWLRQ���SURYLGHV�D�EULHI

GHVFULSWLRQ�RI�WKH�GLIIHUHQW�JHQHUDO�HTXLOLEULXP�PRGHOV�ZH�XVH��VWUHVVLQJ�WKH�UROH�RI�WHFKQRORJ\�VKRFNV�

WKH�HIIHFW�RI�UHDO�DQG�PRQHWDU\�IULFWLRQV��VXFK�DV�ODERU�ULJLGLWLHV�DQG�FDVK�LQ�DGYDQFH�FRQVWUDLQWV���WKH

LPSDFW�RI�ILVFDO�DQG�PRQHWDU\�SROLF\�VKRFNV��DQG�WKH�GHULYHG�GHFLVLRQ�UXOHV�RI�RSWLPL]LQJ�DJHQWV��6HFWLRQ

��RI�WKH�SDSHU�GHVFULEHV�WKH�GDWD�²VRPH�RI�ZKLFK�KDV�EHHQ�FROOHFWHG�HVSHFLDOO\�IRU�WKLV�VWXG\²�DQG

SUHVHQWV�WKH�SDUDPHWHUL]DWLRQ�RI�WKH�GLIIHUHQW�FDOLEUDWHG�PRGHOV��:H�DOVR�GLVFXVV�WKH�PDLQ�GLIIHUHQFH

EHWZHHQ�&KLOH�V�NH\��GHHS��SDUDPHWHUV�DQG�WKRVH�RI�LQGXVWULDO�HFRQRPLHV��LQ�SDUWLFXODU�WKH�86��6HFWLRQ

��SUHVHQWV�WKH�PDLQ�HPSLULFDO�UHVXOWV��LQFOXGLQJ�WKH�VLPXODWLRQ�RI�WKH�PRGHOV��WKH�DQDO\VLV�RI�LPSXOVH�

UHVSRQVH�IXQFWLRQV��,Q�VHFWLRQ���ZH�IROORZ�&DQRYD�HW�DO���������LQ�YLHZLQJ�RXU�DUWLILFLDO�HFRQRPLHV�DV

UHVWULFWHG�YHUVLRQV�RI�PRUH�JHQHUDO�9$5�PRGHOV��:H��FRQVHTXHQWO\��XVH�HFRQRPHWULF�WHFKQLTXHV�WR�WHVW

WKHVH�UHVWULFWLRQV�LPSRVHG�E\�WKH�VWUXFWXUH�RI�WKH�PRGHO�DQG�WKH�OLQHDUL]DWLRQ�SURFHVV��)LQDOO\��VHFWLRQ

��FROOHFWV�WKH�PDLQ�FRQFOXVLRQV�DQG�VXJJHVWV�IXWXUH�H[WHQVLRQV�RI�WKLV�ZRUN�

�� &KDUDFWHUL]LQJ�WKH�HFRQRPLF�IOXFWXDWLRQV�RI�WKH�&KLOHDQ�HFRQRP\

7KH�VW\OL]HG�IDFWV�WKDW�FKDUDFWHUL]H�EXVLQHVV�F\FOHV� LQ�&KLOH�ZHUH�REWDLQHG�IURP�WKH�ORQJHVW

DYDLODEOH�GDWDEDVH�ZLWK�FRQVLVWHQW�LQIRUPDWLRQ�RQ�D�TXDUWHUO\�EDVLV��ZKLFK�FRYHUV�WKH�����������SHULRG�

$V� H[SHFWHG�� HFRQRPLF� IOXFWXDWLRQV� LQ�&KLOH� SUHVHQW� LPSRUWDQW� VLPLODULWLHV�ZKHQ� FRPSDUHG� WR� WKH

IHDWXUHV�RI�EXVLQHVV�F\FOHV�LQ�LQGXVWULDOL]HG�FRXQWULHV��VHH��IRU�H[DPSOH��%DFNXV�HW�DO���������EXW�WKH\�DOVR

SUHVHQW�LQWHUHVWLQJ�SHFXOLDULWLHV�

:H�IROORZ�/XFDV��������LQ�GHILQLQJ�EXVLQHVV�F\FOHV�DV�GHYLDWLRQV�IURP�WKHLU�ORQJ�UXQ�WUHQG��7KH

GHILQLWLRQ�DQG�FRPSXWDWLRQ�RI�WKLV�WUHQG��QHYHUWKHOHVV��DUH�FRQWURYHUVLDO��'XULQJ�WKH�ODVW�\HDUV�D�ULFK

GHEDWH�HQVXHG�ZLWK�UHVSHFW�WR�WKH�DELOLWLHV�RI�GLIIHUHQW�VWDWLVWLFDO�PHWKRGV�WR�GHFRPSRVH�WLPH�VHULHV�LQWR

ORQJ�DQG�VKRUW�WHUP�IOXFWXDWLRQV��VHH�%D[WHU�DQG�.LQJ��������*XD\�DQG�6W�$PDQW���������7KH�UHODWLYH

DGYDQWDJHV�RI�FRPSHWLQJ�WHFKQLTXHV�VXFK�DV�WKRVH�RI�%HYHULGJH�DQG�1HOVRQ���������:DWVRQ��������



�$OO�VHULHV�DUH�VHDVRQDOO\�DGMXVWHG�XVLQJ�WKH�$5,0$�;����SURFHGXUH�DQG�H[SUHVVHG�LQ�QDWXUDO� ORJDULWKPV�EHIRUH�EHLQJ
ILOWHUHG��ZLWK�WKH�H[FHSWLRQ�RI�WKH�SHUFHQW�YDULDEOHV��VXFK�DV�LQIODWLRQ�DQG�LQWHUHVW�UDWHV��ZKLFK�DUH�LQ�OHYHOV�

��$V�FXVWRPDU\��LI�WKH�FRQWHPSRUDQHRXV�FRUUHODWLRQ�LV�FORVH�WR�RQH�ZH�ODEHO�WKH�YDULDEOH�DV�SURF\FOLFDO��LI�LW�LV�FORVH�WR�PLQXV
RQH��ZH�FDOOHG�LW�FRXQWHUF\FOLFDO��DQG�LI�LW�LV�FORVH�WR�]HUR��ZH�VD\�LV�DF\FOLFDO�
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+RGULFN�DQG�3UHVFRWW���������DQG�%D[WHU�DQG�.LQJ��������DUH��QHYHUWKHOHVV��QRW�HVWDEOLVKHG��0HFKDQLFDO

ILOWHUV�KDYH�EHHQ�FULWLFL]HG�E\�+DUYH\�DQG�-DHJHU��������ZKLFK�VKRZ�WKDW�WKH�+RGULFN�3UHVFRWW��+3�

ILOWHU�FDQ�LQGXFH�VSXULRXV�F\FOLFDOLW\�ZKHQ�DSSOLHG�WR�LQWHJUDWHG�GDWD��*XD\�DQG�6W�$PDQW��������IRXQG

WKDW�WKH�+3�DQG�%D[WHU�.LQJ��%.��ILOWHUV�SHUIRUP�SRRUO\�LQ�LGHQWLI\LQJ�WKH�F\FOLFDO�FRPSRQHQW�RI�WLPH

VHULHV�WKDW�KDYH�D�VSHFWUXP�ZLWK�WKH�VKDSH�FKDUDFWHULVWLF�RI�PRVW�PDFURHFRQRPLF�WLPH�VHULHV��%D[WHU�DQG

.LQJ� ������� QRWH� WKDW� WZR�VLGHG� ILOWHUV� VXFK� DV� WKH�+3� DQG� %.� ILOWHUV� EHFRPH� LOO�GHILQHG� DW� WKH

EHJLQQLQJ�DQG�WKH�HQG�RI�VDPSOHV�

1RWZLWKVWDQGLQJ�WKLV�GHEDWH��ZH�IROORZ�WKH�VWDQGDUG�SUDFWLFH�RI�WKH�EXVLQHVV�F\FOH�OLWHUDWXUH�RI

UHSRUWLQJ�DOO�VW\OL]HG�IDFWV�XVLQJ�WKH�GHYLDWLRQV�RI�WKH�YDULDEOHV�IURP�WKHLU�ORQJ�UXQ�WUHQG�REWDLQHG�ZLWK

WKH�+RGULFN�DQG�3UHVFRWW�ILOWHU��+3���6LQFH�WKH�SXUSRVH�RI�RXU�SDSHU�LV�WR�DVVHVV�WKH�FDSDFLWLHV�RI�WKLV

W\SH�RI�PRGHOV�LQ�GHVFULELQJ�WKH�UHJXODULWLHV�RI�&KLOH�V�HFRQRPLF�F\FOHV��WKLV�FKRLFH�DOORZV�XV�WR�FRPSDUH

RXU�UHVXOWV�WR�WKH�HYLGHQFH�JDWKHUHG�IRU�RWKHU�FRXQWULHV��&DQRYD��������LOOXVWUDWHV�KLV�VXSSRUW�RI�WKH�XVH

RI�WKH�+3�ILOWHU�DUJXLQJ�WKDW�ZKHQ�FRPSDULQJ�UHVXOWV�DPRQJ�PRGHOV�ZH�RXJKW�WR�EH�´ORRNLQJ�WKURXJK

WKH�VDPH�ZLQGRZµ��

:H�UHSRUW�VHYHUDO�VWDWLVWLFV�IRU�WKH�+3�ILOWHUHG�GDWD���,Q�SDUWLFXODU��ZH�FRQVLGHU������WKH�DPSOLWXGH

RI�IOXFWXDWLRQV��YRODWLOLW\���UHSUHVHQWHG�E\�WKH�VWDQGDUG�GHYLDWLRQ�RI�WKH�F\FOLFDO�FRPSRQHQW�RI�HDFK

VHULHV������WKH�UDWLR�RI�WKH�VWDQGDUG�GHYLDWLRQV�RI�WKH�VHULHV�WR�WKDW�RI�RXWSXW��UHODWLYH�YRODWLOLW\�������WKH

FRQWHPSRUDQHRXV�FRUUHODWLRQ�RI�WKH�F\FOLFDO�FRPSRQHQWV�RI�D�YDULDEOH�DQG�WKDW�RI�RXWSXW��DQG�����WKH

SKDVH�VKLIW��UHSUHVHQWHG�E\�WKH�FRUUHODWLRQ�FRHIILFLHQWV�EHWZHHQ�OHDGV�DQG�ODJV�RI�HDFK�YDULDEOH�DQG

RXWSXW���$�YDULDEOH�OHDGV�RXWSXW�E\�L�TXDUWHUV�LI�WKHLU�FURVV�FRUUHODWLRQ�SHDNV�L�TXDUWHUV�EHIRUH�RXWSXW�

6LQFH�DOO�YDULDEOHV�DUH�LQ�ORJDULWKPV��WKH�FKDQJH�LQ�WKH�WUHQG�FRPSRQHQW�UHSUHVHQWV�WKH�JURZWK�UDWH�

)LJXUH���VKRZV�WKH�HYROXWLRQ�RI�WKH�F\FOLFDO�*'3�LQ�WKH�SHULRG�XQGHU�DQDO\VLV��&OHDUO\��WKUHH

F\FOHV�KDYH�RFFXUUHG�LQ�WKH�VDPSOH��PHDVXUHG�IURP�SHDN�WR�SHDN���WKRXJK�WKH\�GLIIHU�LQ�PDJQLWXGH�DQG

OHQJWK��7KH�VL]H�DQG�YRODWLOLW\�RI�*'3�F\FOHV�DUH�UDWKHU�ODUJH��FRQVLGHULQJ�WKDW�WKH�TXDUWHUO\�WUHQG�LV�����

LQ�WKH�VDPSOH��WKH�SHDN�RI�WKH�F\FOH�ZRXOG�EH�HTXLYDOHQW�WR�REVHUYLQJ�DQ�DQQXDOL]HG�JURZWK�UDWH�RI�����

ZKLOH�DW�WKH�WURXJK�LW�ZRXOG�DPRXQW�WR�JURZWK�UDWH�RI������



��9RODWLOLW\�LQ�(XURSH�LQ������WR�PLG�����V�SHULRG �ZDV�RQO\������RQ�DYHUDJH��%DFNXV�HW�DO����������7KH�86�H[KLELWV�KLJKHU
YRODWLOLW\��������LQ�WKH���������SHULRG��&RROH\�DQG�+DQVHQ��������

��7KH�KLJKHU�YRODWLOLW\�RI�WKH�FRQVXPSWLRQ�RI�GXUDEOH�JRRGV�GRHV�QRW�DULVH�SULPDULO\�IURP�WKH�FKDQJHV�LQ�UHODWLYH�SULFHV�
DV�WKH�SULFH�GHIODWRU�RI�GXUDEOH�JRRGV�H[KLELW�WKH�VDPH�YRODWLOLW\�RI�LWV�FRXQWHUSDUW�IRU�QRQ�GXUDEOH�JRRGV�

��$�QXPEHU�RI�LQGXVWULDOL]HG�FRXQWULHV�H[KLELW�YHU\�KLJK�YRODWLOLW\�LQ�FRQVXPSWLRQ�RI�QRQ�GXUDEOH�JRRGV��H�J���*HUPDQ\�
)UDQFH�RU�-DSDQ���,Q�WKH�86��6ZLW]HUODQG��DQG�&DQDGD�YRODWLOLW\�UHODWLYH�WR�*'3�LV�ORZHU�WKDQ�LQ�&KLOH�

4

$GGLWLRQDO� LQIRUPDWLRQ� LV� SUHVHQWHG� LQ� 7DEOH� �� ZKLFK� UHSRUWV� QXPHULFDO� LQGLFDWRUV� RI� WKH

DPSOLWXGH�DQG�SKDVH�RI�WKH�IOXFWXDWLRQV�RI�*'3�DQG�RWKHU�NH\�PDFURHFRQRPLF�YDULDEOHV��,Q�JHQHUDO

WHUPV�WKLV�LQIRUPDWLRQ�SRLQWV�WR�VHYHUDO�VLPLODULWLHV�LQ�WKH�&KLOHDQ�EXVLQHVV�F\FOH�ZLWK�UHJDUGV�WR�WKDW�RI

LQGXVWULDOL]HG�FRXQWULHV��EXW�LW�DOVR�KLJKOLJKWV�LQWHUHVWLQJ�GLIIHUHQFHV��,Q�WKH�ILUVW�SODFH��YRODWLOLW\�RI�*'3

LQ�&KLOH�²ZKLFK�UHDFKHV�����²�LV�PXFK�KLJKHU�WKDQ�LQ�PRVW�LQGXVWULDOL]HG�HFRQRPLHV���,Q�SDUW��WKLV�KLJKHU

YRODWLOLW\� LV� D� UHIOHFWLRQ� RI� VWUXFWXUDO� FKDUDFWHULVWLFV� RI� WKH� &KLOHDQ� HFRQRP\� �UHODWLYH� DEVHQFH� RI

DXWRPDWLF�VWDELOL]HUV��VKDOORZ�ILQDQFLDO�PDUNHWV��OHVV�GLYHUVLILHG�SURGXFWLRQ�VWUXFWXUH��HWF����EXW�LV�DOVR

FRQVLVWHQW�ZLWK�WKH�SDFH�RI�KLJK�JURZWK�VXVWDLQHG�E\�&KLOH�LQ�WKH�VDPSOH�SHULRG�

3ULYDWH�FRQVXPSWLRQ�LV�SURF\FOLFDO�LQ�&KLOH�DV�LW�LV�LQ�PRVW�FRXQWULHV��DV�GLVSOD\HG�LQ�)LJXUH���

LW�PRYHV�LQ�V\QFKURQLFLW\�ZLWK�*'3��ZLWK�D�KLJK�FRUUHODWLRQ�FRHIILFLHQW�RI�������&RQVXPSWLRQ�LV�KLJKO\

YRODWLOH��7KLV�IHDWXUH�LV�RQH�RI�WKH�FKDOOHQJHV�WKDW�EXVLQHVV�F\FOH�PRGHOV�KDYH�WR�IDFH��6LQFH�5%&�PRGHOV

DUH�HVVHQWLDOO\�QHRFODVVLFDO��FRQVXPSWLRQ�LV�XVXDOO\�PRGHOHG�XQGHU�WKH�SHUPDQHQW�LQFRPH�K\SRWKHVLV�

,Q�WKLV�VHWWLQJ��FRQVXPSWLRQ�YRODWLOLW\�VKRXOG�EH�VPDOOHU�WKDQ�WKDW�RI�RXWSXW�VLQFH�DJHQWV�WKDW�RSWLPL]H

LQWHUWHPSRUDO\�WHQG�WR�VPRRWK�RXW�FRQVXPSWLRQ��7KH�DSSDUHQW�H[FHVV�YRODWLOLW\�RI�FRQVXPSWLRQ�LV��LQ

SDUW��WKH�UHVXOW�RI�XVLQJ�WRWDO�FRQVXPSWLRQ�GDWD��$V�D�PDWWHU�RI�IDFW��ZKHQ�FRQVXPSWLRQ�LV�VHSDUDWHG�LQWR

SXUFKDVHV�RI�GXUDEOH�DQG�QRQGXUDEOH�JRRGV��ZH�ILQG�WKDW�WKHLU�YRODWLOLW\�LV�PDUNHGO\�GLIIHUHQW��VHH�)LJXUH

����9RODWLOLW\�RI�GXUDEOH�JRRGV�LV�����WLPHV�KLJKHU�WKDQ�WKDW�RI�QRQ�GXUDEOH�JRRGV��,Q�ZKDW�IROORZV��ZH

UHVWULFW�FRQVXPSWLRQ�WR�QRQGXUDEOH�JRRGV�DQG�LQFOXGH�SXUFKDVHV�RI�GXUDEOH�FRQVXPSWLRQ�JRRGV�DV�D

FRPSRQHQW�RI�LQYHVWPHQW��$OWKRXJK�WKH�YRODWLOLW\�RI�WKH�SXUFKDVHV�RI�QRQ�GXUDEOH�FRQVXPSWLRQ�JRRGV

LV�VPDOOHU�WKDQ�WKDW�RI�WRWDO�FRQVXPSWLRQ�RU�*'3��LW�UHPDLQV�UDWKHU�KLJK���������,Q�SDUW��WKLV�PD\�EH�WKH

UHVXOW�RI�WKH�H[LVWHQFH�RI�OLTXLGLW\�FRQVWUDLQWV��FUHGLW�UHVWULFWLRQV���D�FKDUDFWHULVWLF�WKDW�RXU�EXVLQHVV�F\FOH

PRGHOV�VKRXOG�DOVR�DGGUHVV��

$�VHFRQG�FKDOOHQJH�SRVHG�E\�WKH�&KLOHDQ�GDWD�WR�EXVLQHVV�F\FOH�PRGHOV�LV�WKH�QDWXUH�RI�VKRFNV

LQ�ODERU�PDUNHWV��8QHPSOR\PHQW�GLVSOD\V�ZLGH�IOXFWXDWLRQV�DV�LW�UHGXFHG�IURP�D�KLJK�������LQ������WR

D�ORZ������LQ�WKH������WR�UHERXQG�WR������LQ�������,W�FDQ�EH�VHHQ�LQ�7DEOH���WKDW�WRWDO�KRXUV�ZRUNHG
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SDUW�RI�WKLV�KHWHURJHQHLW\�LQ�WKH�SHUIRUPDQFH�RI�WKH�ODERU�PDUNHW�UHIOHFWV�GLIIHUHQFHV�LQ�LQVWLWXWLRQDO�DUUDQJHPHQWV�
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DUH�PRUH�YRODWLOH�WKDQ�UHDO�ZDJHV��,Q�D�QHRFODVVLFDO�ODERU�PDUNHW�WRWDO�KRXUV�ZRUNHG�VKRXOG�GLVSOD\�YHU\

ORZ�YRODWLOLW\�EHFDXVH�PRVW�RI�WKH�DGMXVWPHQWV�VKRXOG�IDOO�RQ�ZDJHV�DQG�FKDQJHV�LQ�WRWDO�KRXUV�ZRUNHG

VKRXOG�EH�PLQLPDO��,Q�&KLOH��RQ�WKH�FRQWUDU\��WKH�YRODWLOLW\�RI�KRXUV�ZRUNHG�LV�TXLWH�KLJK��������DQG

PXFK� KLJKHU� WKDQ� WKDW� RI� UHDO� ZDJHV� �������� VXJJHVWLQJ� WKH� H[LVWHQFH� RI� VXEVWDQWLDO� ULJLGLWLHV� RU

DGMXVWPHQW�FRVWV�LQ�WKH�ODERU�PDUNHW��$GGLWLRQDO�HYLGHQFH�RI�VXFK�ULJLGLWLHV�REWDLQV�ZKHQ�WRWDO�KRXUV

ZRUNHG� LV� VSOLW� LQWR� DYHUDJH� KRXUV� ZRUNHG� SHU� ZRUNHU� DQG� WKH� QXPEHU� RI� ZRUNHUV� HPSOR\HG

�HPSOR\PHQW���,W�FDQ�EH�VHHQ�LQ�)LJXUH���WKDW�DYHUDJH�KRXUV�ZRUNHG�IOXFWXDWH�OHVV�WKDQ�WRWDO�KRXUV�

VXJJHVWLQJ�WKDW�PRVW�RI�WKH�DGMXVWPHQWV�FRUUHVSRQG�WR�WKH�HQWU\�DQG�H[LW�RI�ZRUNHUV�IURP�WKH�ODERU

PDUNHW�UDWKHU�WKDQ�PDUJLQDO�DGMXVWPHQW�LQ�ZRUNLQJ�VFKHGXOHV��

$Q�DGGLWLRQDO�SX]]OH�SRVHG�E\�WKH�EHKDYLRU�RI�DJHQWV�LQ�ODERU�PDUNHWV�DUH�WKH�IOXFWXDWLRQV�LQ

UHDO� ZDJHV� DQG� WKHLU� FRUUHODWLRQ� ZLWK� KRXUV� ZRUNHG�� ,Q� WKH� &KLOHDQ� FDVH�� WKH� YRODWLOLW\� RI� ODERU

SURGXFWLYLW\�LV�DOPRVW�DV�KLJK�DV�WKDW�RI�*'3�EXW�LW�VKRZV�YLUWXDOO\�QR�FRUUHODWLRQ�ZLWK�KRXUV�ZRUNHG

�HVWLPDWHG�DW��������7KLV� LV� D�ZRUULVRPH� IHDWXUH� IRU�RXU�EXVLQHVV�F\FOH�PRGHOV�EHFDXVH�RQH�RI� WKH

ZHDNQHVVHV� RI� WKH� RULJLQDO� .\GODQG� DQG� 3UHVFRWW� VSHFLILFDWLRQ� LV� LWV� LQDELOLW\� WR� UHSOLFDWH� WKH� ORZ

FRUUHODWLRQ�EHWZHHQ�KRXUV�ZRUNHG�DQG�SURGXFWLYLW\�OHYHOV�RU�ZDJHV�

$�WKLUG�LQWHUHVWLQJ�IHDWXUH�RI�WKH�EXVLQHVV�F\FOH�LQ�&KLOH�LV�WKH�SUHVHQFH�RI�ODUJH�IOXFWXDWLRQV�LQ

LQYHVWPHQW��$V�D�IUDFWLRQ�RI�*'3��JURVV�IL[HG�FDSLWDO�IRUPDWLRQ�LQFUHDVHG�IURP�D�ORZ�����LQ�WKH�PLG

����V�WR�RYHU�����LQ�WKH�ODWH�����V��7KLV�LPSRUWDQW�H[SDQVLRQ�RI�LQYHVWPHQW�ZDV�DOVR�FKDUDFWHUL]HG�E\

YHU\�KLJK�YRODWLOLW\�OHYHOV��WKDW�UHDFKHG������LQ�WKH�VDPSOH�SHULRG��PRUH�WKDQ�WKUHH�WLPHV�KLJKHU�WKDQ�WKDW

RI�*'3��:KHQ�DGGLQJ�WKH�SXUFKDVHV�RI�GXUDEOH�JRRGV�WR�LQYHVWPHQW��YRODWLOLW\�LQFUHDVHV�WR������

$V�LQ�PRVW�HPHUJLQJ�HFRQRPLHV��JRYHUQPHQW�H[SHQGLWXUH�LQ�&KLOH�GLVSOD\V�VRPH�FKDUDFWHULVWLFV

WKDW�DUH�YHU\�GLIIHUHQW�IURP�GHYHORSHG�HFRQRPLHV��7KH�VL]H�RI�WKH�JRYHUQPHQW�PHDVXUHG�E\�SXEOLF

FRQVXPSWLRQ��DV�SHUFHQW�RI�*'3��LV�TXLWH�VPDOO� LQ�&KLOH�UHDFKLQJ�OHVV�WKDQ�����LQ�WKH����������

SHULRG�� ,Q� DGGLWLRQ�� WKH� JRYHUQPHQW� VSHQGV� DURXQG� ��� RI�*'3� LQ� FDSLWDO� IRUPDWLRQ� �PRVWO\� LQ

LQIUDVWUXFWXUH��ZKLFK�ZH�LQFOXGH�LQ�WRWDO�LQYHVWPHQW��,Q�DGGLWLRQ��JRYHUQPHQW�FRQVXPSWLRQ�LV�TXLWH

XQVWDEOH��ZLWK� D� YRODWLOLW\� RI� ����� DQG� LV� ODUJHO\� XQFRUUHODWHG�ZLWK� IOXFWXDWLRQV� LQ�*'3���7KLV� KLJK
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YRODWLOLW\� VXJJHVWV� JRYHUQPHQW� H[SHQGLWXUHV� PLJKW� SOD\� DQ� LPSRUWDQW� UROH� LQ� FDXVLQJ� HFRQRPLF

IOXFWXDWLRQV��$�VHFRQG�LPSRUWDQW�DVSHFW�RI�SXEOLF�FRQVXPSWLRQ�LV�WKDW��IRU�PDQ\�JURXSV�RI�WKH�VRFLHW\�

WKHVH�H[SHQGLWXUHV�UHSUHVHQW�VXEVWDQWLDO�WUDQVIHUV�RI�JRRGV�DQG�VHUYLFHV��KHDOWK�DQG�HGXFDWLRQ��DPRQJ

RWKHUV���1HYHUWKHOHVV��WKHVH�JURXSV�DOVR�SD\�WD[HV��VR�WKDW�WKH�QHW�HIIHFW�RI�FKDQJHV�LQ�ILVFDO�SROLFLHV�RQ

HFRQRPLF�DFWLYLW\�DQG�ZHOIDUH�PD\�EH�DPELJXRXV��%XVLQHVV�F\FOHV�PRGHOV�GHYHORSHG�EHORZ�H[SOLFLWO\

DGGUHVV�WKLV�LVVXH�

7KHUH�DUH�DOVR�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�&KLOH�DQG�GHYHORSHG�HFRQRPLHV�ZLWK�UHJDUGV�WR

PRQHWDU\�VKRFNV��$V�PHQWLRQHG��LQIODWLRQ�LQ�&KLOH�GHFOLQHG�VORZO\�IURP�����LQ������WR�DURXQG����LQ

������ ODUJHO\�DV�D�UHVXOW�RI�WKH�JUDGXDOLVW�PRQHWDU\�SROLF\�DSSURDFK�HPSOR\HG�E\�WKH�&HQWUDO�%DQN

�0RUDQGp���������7KH�YRODWLOLW\�RI�PRQH\��DV�PHDVXUHG�E\�SHU�FDSLWD�UHDO�0���LV�TXLWH�KLJK��������DQG

PRQH\�VKRFNV�DUH�VWURQJO\�FRUUHODWHG�ZLWK�*'3�IOXFWXDWLRQV���������$V�D�PDWWHU�RI�IDFW��PRQH\�F\FOHV

GLVSOD\�D�VWULNLQJ�V\QFKURQLFLW\�ZLWK�*'3�IOXFWXDWLRQV��DV�GHSLFWHG�LQ�ILJXUH����DQG�OHDG�WKH�F\FOH�E\�RQH

TXDUWHU��7KLV�FHUWDLQO\�UHIOHFWV�WKH�HIIHFWV�RQ�WKH�UHDO�VLGH�RI�WKH�HFRQRP\�RI�WKH�FKRLFH�E\�WKH�&HQWUDO

%DQN�RI�XVLQJ�UHDO�LQWHUHVW�UDWH�EDVHG�SROLF\�LQVWUXPHQWV�²DV�RSSRVHG�WR�WDUJHWLQJ�PRQHWDU\�DJJUHJDWHV²

GXULQJ�WKH� ODVW� WHQ�\HDUV��+HQFH�� LW� LV�QRW�VXUSULVLQJ�WR�ILQG�WKDW�DQWL�LQIODWLRQDU\�SROLFLHV�KDYH�DOVR

LQGXFHG�PDUNHG�YRODWLOLW\�LQ�WKH�SULFH�OHYHO���������,QIODWLRQ�KDV�DOVR�EHHQ�TXLWH�SHUVLVWHQW��D�GLUHFW�UHVXOW

RI�WKH�DQWL�LQIODWLRQDU\�SROLFLHV�LPSOHPHQWHG�LQ�WKH�SHULRG�WKDW�ZDV�FRPSRXQGHG�E\�WKH�KLJK�GHJUHHV

RI�SULFH�LQGH[DWLRQ�RI�WKH�&KLOHDQ�HFRQRP\�

3ULFHV��RQ�WKH�RWKHU�KDQG��GLVSOD\�D�QHJDWLYH�FRUUHODWLRQ�WR�*'3��7KLV��FRPSRXQGHG�E\�WKH�IDFW

WKDW�UHDO�ZDJHV�DUH�SURF\FOLFDO��VXJJHVWV�WKDW�VXSSO\�VKRFNV�DUH�DQ�LPSRUWDQW�VRXUFH�RI�IOXFWXDWLRQV�LQ

DJJUHJDWH�DFWLYLW\�
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7DEOH��
0DLQ�,QGLFDWRUV�RI�WKH�%XVLQHVV�&\FOH�LQ�&KLOH

�������������

9DULDEOH 9RODWLOLW\�
�VWG��GHY��[����

9RODWLOLW\�UHODWLYH
�WR�WKDW�RI�RXWSXW

&RUUHODWLRQ�ZLWK�RXWSXW

&RQWHPSRUDQHRXV 3HDN�4XDUWHU
/HDG�����/DJ���

2XWSXW ���� ���� ���� �

&RQVXPSWLRQ
���1RQ�'XUDEOHV
���'XUDEOHV

����
����
�����

����
����
����

����
����
����

�
��
�

,QYHVWPHQW ���� ���� ���� �

&DSLWDO ���� ���� ���� ��

$YJ��+RXUV�:RUNHG ���� ���� ���� ��

7RWDO�+RXUV�:RUNHG ���� ���� ���� ��

(PSOR\PHQW ���� ���� ���� ��

5HDO�:DJHV ���� ���� ���� ��

*RYHUQPHQW�&RQV�� ���� ���� ����� ��

0RQH\ ���� ���� ���� ��

3ULFH�/HYHO ���� ���� ����� �

,QIODWLRQ ���� ���� ����� ��

([SRUWV ���� ���� ���� �

,PSRUWV ���� ���� ���� �

1RWH�����FRUUHVSRQGV�WR�WKH�SXUFKDVHV�RI�GXUDEOH�FRQVXPSWLRQ�JRRGV�

)LQDOO\�� LQ� VPDOO�RSHQ�HFRQRPLHV�� VXFK�DV�&KLOH��RQH� VKRXOG�H[SHFW� DQ� LPSRUWDQW�HIIHFW�RI

LQWHUQDWLRQDO�EXVLQHVV�F\FOHV�RQ� WKH�GRPHVWLF�HFRQRP\��,Q�SDUWLFXODU��ZKHQ�IRUHLJQ� WUDGH� LV� ODUJHO\

GHSHQGHQW�RQ�FRPPRGLW\�SULFHV��,Q�RXU�FDVH��WKLV�GHSHQGHQFH�DULVHV�IURP�WKH�ODUJH�VKDUH�RI�FRSSHU�RQ

H[SRUWV�DQG�DOVR�EHFDXVH�&KLOH�LV�GHSHQGHQW�RQ�RLO�LPSRUWV��&RPPRGLW\�SULFHV�DUH�YHU\�YRODWLOH��+HQFH�

LW�LV�QRW�VXUSULVLQJ�WR�ILQG�WKDW�WKH�YRODWLOLW\�RI�WKH�WHUPV�RI�WUDGH�LV�PRUH�WKDQ�WZR�WLPHV�KLJKHU�WKDQ�WKDW

RI�*'3��7KLV�LV�PXFK�ODUJHU�WKDQ�WKDW�RI�GHYHORSHG�HFRQRPLHV��ZKLFK�RQ�DYHUDJH�SUHVHQW�D�YRODWLOLW\

RI������1HYHUWKHOHVV��LW�LV�PDUNHGO\�VPDOOHU�WKDQ�PRVW�/DWLQ�$PHULFDQ�DQG�$IULFDQ�HFRQRPLHV�IRU�ZKLFK

YRODWLOLW\�LQ�WKH�����������SHULRG�KRYHU�DURXQG�����0HQGR]D���������7KH�FRUUHODWLRQ�EHWZHHQ�WHUPV�RI

WUDGH�VKRFNV�DQG�RXWSXW�IOXFWXDWLRQV��KRZHYHU��LV�VPDOO�DQG�QHJDWLYH����������SUREDEO\�UHIOHFWLQJ�ERWK
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WKH� SUHVHQFH� RI� FRPPRGLW\� VWDELOL]DWLRQ� IXQGV� IRU� FRSSHU� DQG� RLO� DQG� WKH� IDFW� WKDW� WKH� HFRQRP\

DQWLFLSDWHV�WKH�HIIHFW�RI�WHUPV�RI�WUDGH�VKRFNV��$OWKRXJK�WKH�F\FOHV�RI�WHUPV�RI�WUDGH�DUH�SURQRXQFHG�

H[SRUWV�DQG�LPSRUWV�DUH�QRW�DV�YRODWLOH��7KH�YRODWLOLW\�RI�H[SRUWV�UHDFKHV�������D�YDOXH�WKDW�LV�FRPSDUDEOH

WR�(XURSH��������EXW�PXFK�VPDOOHU�WKDQ�WKDW�RI�WKH�86���������,PSRUWV��RQ�WKH�RWKHU�KDQG��DUH�PXFK

PRUH�YRODWLOH�WKDQ�H[SRUWV��������EXW�QRW�VLJQLILFDQWO\�KLJKHU�WKDQ�WKH�FDVHV�RI�(XURSH��������DQG�WKH

86���������$OWKRXJK�WKH�HIIHFW�RI�WKH�IRUHLJQ�VHFWRU�PLJKW�ORRN�DV�LPSRUWDQW��WKH�VKDUH�RI�QHW�H[SRUWV

LQ�*'3�LV�OHVV�WKDQ����LQ�WKH�����������SHULRG��FRQVLGHUDEO\�VPDOOHU�WKDQ�FRQVXPSWLRQ��LQYHVWPHQW

DQG�JRYHUQPHQW�H[SHQGLWXUHV�

��� %XVLQHVV�&\FOHV�PRGHOV

7KH�RULJLQDO�PRGHO�E\�.\GODQG�DQG�3UHVFRWW�KDV�EHHQ�H[WHQGHG�WR�LQFOXGH��DPRQJ�RWKHU�LVVXHV�

KRXVHKROG�SURGXFWLRQ��%HQKDELE�HW�DO���������ODERU�KRDUGLQJ��%XUQVLGH�HW�DO���������D�OLPLWHG�YHUVLRQ

RI�RSHQ�HFRQRPLHV��%DFNXV�HW�DO���������PRQH\�DQG�LQIODWLRQ��&RROH\�DQG�+DQVHQ���������LQFRPSOHWH

PDUNHWV�DQG�KHWHURJHQRXV�DJHQWV��5LRV�5XOO���������DQG�LQFUHDVLQJ�UHWXUQV�WR�VFDOH��'HYHUHX[�HW�DO�

������

,Q�WKLV�VHFWLRQ�ZH�SUHVHQW�D�VW\OL]HG�EXVLQHVV�F\FOH�PRGHO�IRU�WKH�&KLOHDQ�HFRQRP\�DQG�GLVFXVV

WKH�UDWLRQDOH�IRU�WKH�PDLQ�H[WHQVLRQV�ZH�ODWHU�WHVW��%DVHG�RQ�WKH�GHVFULSWLRQ�RI�WKH�VDOLHQW�FKDUDFWHULVWLFV

RI�HFRQRPLF�F\FOHV� LQ�&KLOH�SUHVHQWHG� LQ�VHFWLRQ���DQG�ZLWK�WKH�SXUSRVH�RI�HYDOXDWLQJ�WKH�UHODWLYH

FRQWULEXWLRQ�RI�PDFURHFRQRPLF�SROLFLHV��ZH�GHYHORS�D�PRGHO�WKDW�IRFXVHV�RQ�JRYHUQPHQW�H[SHQGLWXUHV

DQG�PRQHWDU\�VKRFNV�DQG� LQFOXGHV�UHDO�VLGH�VKRFNV�DV�FDSWXUHG�E\�WHFKQRORJLFDO�VKRFNV��7KH�PDLQ

FKDUDFWHULVWLF�RI�RXU�PRGHO�LV�WR�HQFRPSDVV�ZLWKLQ�WKH�IUDPHZRUN�RI�D�JHQHUDO�HTXLOLEULXP�VHWXS�DQ

LPSRUWDQW�QXPEHU�RI�IHDWXUHV�RI�WKH�HFRQRP\��LQFOXGLQJ�SURGXFWLYLW\�JURZWK��ILVFDO�H[SHQGLWXUHV�DQG

PRQHWDU\�SROLF\��DQG�ODERU�PDUNHW�ULJLGLWLHV��7KH�PDLQ�GUDZEDFN�RI�WKH�SUHVHQW�YHUVLRQ�RI�WKH�PRGHO

LV�WKDW�LW�QHJOHFWV�VRPH�WKH�UHDO�DQG�ILQDQFLDO�DVSHFWV�RI�LQWHUQDWLRQDO�EXVLQHVV�F\FOHV�DQG�WKHLU�HIIHFW�RQ

WKH�SULYDWH�VHFWRU�

,Q�DGGLWLRQ��LQ�WKLV�VHFWLRQ�ZH�SUHVHQW�WKH�DOJRULWKPV�WR�REWDLQ�DQDO\WLFDO�DQG�QXPHULFDO�VROXWLRQV

WR�WKH�JHQHUDO�HTXLOLEULXP�RSWLPL]DWLRQ�SUREOHP��)RU�WKH�ODWWHU��RXU�GLVFXVVLRQ�RQO\�VNHWFKHV�WKH�PDLQ

LVVXHV�DQG�ZH�UHIHU�WKH�UHDGHU�WR�&RROH\��������IRU�GHWDLOHG�GLVFXVVLRQV�RQ�WKH�GLIIHUHQW�WHFKQLTXHV�
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max E0M
�

t
0
�t [. logc1t� (1	.) log(c2t��gt)	�ht] ���

(1�2t)Ptc2t�pt it�mt�1 
 Pt wtht� rtkt �mt ���

��� $�0RGHO�ZLWK�0RQHWDU\�DQG�)LVFDO�3ROLF\��DQG�/DERU�5LJLGLWLHV

:H�DQDO\]H� WKH� LPSRUWDQFH�RI� WHFKQRORJLFDO�� ILVFDO� DQG�PRQHWDU\� VKRFNV� DV� WKH� VRXUFHV�RI

DJJUHJDWH�IOXFWXDWLRQV�LQ�&KLOH��7KH�DQDO\VLV�HPSKDVL]HV�WKH�UROH�RI�UHDO�DQG�PRQHWDU\�IULFWLRQV��VXFK�DV

TXDQWLWDWLYH�ODERU�ULJLGLWLHV��D�FDVK�LQ�DGYDQFH�FRQVWUDLQW�DQG�ZDJH�FRQWUDFWV�

:H�GHYHORS�D�JHQHUDO�PRGHO�HFRQRP\�WKDW�FRQVLGHUV�D�JRYHUQPHQW��ZKLFK�HQJDJHV�LQ�ILVFDO�DQG

PRQHWDU\�SROLF\��D�ODUJH�QXPEHU�RI�LGHQWLFDO�ILUPV��DQG�D�ODUJH�QXPEHU�RI�LGHQWLFDO�FRQVXPHUV��DOO�RI

WKHP�ZKRP�DUH�LQILQLWHO\�OLYHG��/DWHU��ZH�VLPSOLI\�WKLV�JHQHUDO�PRGHO�LQ�VHYHUDO�GLPHQVLRQV�WR�HPSKDVL]H

VSHFLILF�IHDWXUHV�RI�RXU�PRGHO�HFRQRP\��,Q�DOO�PRGHOV�FDOLEUDWHG�EHORZ��WKH�SURGXFWLRQ�IXQFWLRQ�LV�WDNHQ

WR�EH�WKH�VDPH�ZKLOH�WKH�GLIIHUHQW�VSHFLILFDWLRQV�ZKLFK�ZH�WHVW�DUH�REWDLQHG�E\�VXLWDEOH�FKDQJHV�LQ�WKH

XWLOLW\�IXQFWLRQ�DQG�WKH�QDWXUH�RI�JRYHUQPHQW�SROLFLHV�

,Q�RXU�JHQHUDO�PRGHO�PRQH\�LV�KHOG�EHFDXVH�LW�LV�UHTXLUHG�WR�SXUFKDVH�FRQVXPSWLRQ�JRRGV�RU

VRPH�VXEVHW�RI�FRQVXPSWLRQ�JRRGV��:H�LQWURGXFH�WKLV�FDVK�LQ�DGYDQFH�PRWLYH�IRU�KROGLQJ�PRQH\�LQWR

WKH�EDVLF�LQGLYLVLEOH�ODERU�UHDO�EXVLQHVV�F\FOH�PRGHO��0RQH\�LV�FUHDWHG�E\�WKH�JRYHUQPHQW�DFFRUGLQJ�WR

DQ�H[RJHQRXV�ODZ�RI�PRWLRQ��,Q�DGGLWLRQ��JRYHUQPHQW�WD[HV�FRQVXPSWLRQ�DQG�FROOHFWV�WKH�UHYHQXHV�RI

WD[DWLRQ�LQ�RUGHU�WR�ILQDQFH�JRYHUQPHQW�FRQVXPSWLRQ�DQG�OXPS�VXP�WUDQVIHUV��,QLWLDOO\��WKHUH�ZLOO�EH

QR�PRQH\�LOOXVLRQ��QRQ�QHXWUDOLWLHV�ZLOO�DULVH�RQO\�EHFDXVH�DQWLFLSDWHG�LQIODWLRQ�DFWV�DV�D�GLVWRUWLQJ�WD[

RQ�DFWLYLWLHV� LQYROYLQJ� WKH�XVH�RI�FDVK��7KH�HFRQRP\�ZLOO�EH�QHXWUDO�ZLWK� UHVSHFW� WR�XQDQWLFLSDWHG

FKDQJHV�LQ�WKH�PRQH\�VXSSO\��/DWHU��ZH�ZLOO�LQFRUSRUDWH�ZDJH�FRQWUDFWV�LQWR�WKH�PRGHO��LQ�RUGHU�WR

DQDO\]H�WKH�SURSHUWLHV�RI�DQ�HFRQRP\�ZKHUH�PRQHWDU\�SROLF\�LV�QRW�QHXWUDO�

(DFK�KRXVHKROG¶V�REMHFWLYH� LV� WR�FKRRVH�VHTXHQFHV�RI�FDVK�DQG�FUHGLW�JRRGV�FRQVXPSWLRQ�

UHSUHVHQWHG�UHVSHFWLYHO\�E\� ��KRXUV�RI� OHLVXUH� �� LQYHVWPHQW� ��DQG�PRQH\�WR�EH�c1t ,c2t!
�

t
0 �ht!
�

t
0 �i t!
�

t
0

FDUULHG�LQWR�WKH�QH[W�SHULRG� ��WKDW�PD[LPL]H�H[SHFWHG�GLVFRXQWHG�XWLOLW\��mt�1!
�

t
0

7KH�KRXVHKROGV�PD[LPL]H�XWLOLW\�VXEMHFW�WR�VHYHUDO�FRQVWUDLQWV��7KH�ILUVW�LV�WKHLU�EXGJHW�FRQVWUDLQW�



��7KH�VWDQGDUG�VSHFLILFDWLRQ��UHIHUUHG�WR�DV�GLYLVLEOH�ODERU��LQWURGXFHV�OHLVXUH�DV� £�ORJ�K�LQWR�WKH�XWLOLW\�IXQFWLRQ��)RU�D�GHWDLOHG
GHVFULSWLRQ�RI�WKH�LQGLYLVLEOH�ODERU�VHWWLQJ��VHH�5RJHUVRQ�DQG�:ULJKW��������

10

(1�2t)Ptc1t 
 mt�Tt ���

kt�1	 (1	/)kt 
 it ���

Mt�1 
 e
µt Mt ���

ZKLFK�VWDWHV�WKDW�H[SHQGLWXUHV�LQ�WLPH�SHULRG�W�RQ�WKH�FDVK�JRRG� ��RQ�WKH�FUHGLW�JRRG� ��RQ�WKHc1t c2t

LQYHVWPHQW�JRRGV� �� DQG�RQ�PRQH\� WR�EH�FDUULHG� LQWR� WKH�QH[W�SHULRG� ��FDQ�QRW�H[FHHG� WKHLUit mt�1

LQFRPH��7KHUH�DUH�YDULRXV�VRXUFHV�RI�LQFRPH��2QH�LV�WKH�LQFRPH�IURP�UHQWLQJ�FDSLWDO�WR�ILUPV�� ��DQGrtkt

IURP�DOORFDWLQJ�SDUW�RI�WKHLU�RQH�XQLW�RI�WLPH�WR�ZRUN�� ��$QRWKHU�VRXUFH�LV�IURP�FXUUHQF\�FDUULHGwtht

IURP�WKH�SUHYLRXV�SHULRG� ��SOXV�D�QRPLQDO�WUDQVIHU��RU�WD[��SDLG�DW�WKH�EHJLQQLQJ�RI�SHULRG�W�� ��DVmt Tt

LV�VKRZQ�QH[W�LQ�WKH�FDVK�LQ�DGYDQFH�UHVWULFWLRQ�

7KH�JRYHUQPHQW�WD[HV�ERWK�W\SHV�RI�SULYDWH�FRQVXPSWLRQ�DW�WKH�WD[�UDWH� �� �LV�WKH�SULFH�OHYHO2t Pt

LQ�SHULRG�W�

&DSLWDO� LV� DVVXPHG� WR� EH� HTXDO� QH[W� SHULRG� WR� QHZ� LQYHVWPHQW� SOXV� ZKDW� UHPDLQV� DIWHU

GHSUHFLDWLRQ�

7KH�XWLOLW\�IXQFWLRQ�VSHFLILFDWLRQ�IROORZV�+DQVHQ��������E\�DVVXPLQJ�WKDW�KRXVHKROGV�FDQ�ZRUN

D�IL[HG�QXPEHU�RI�KRXUV� �RU�QRQH�DW�DO��$W�WKH�DJJUHJDWH� OHYHO��WKH�PRGHO�SUHGLFWV�WKDW�D�FHUWDLQht

IUDFWLRQ� RI� ZRUNHUV� LV� HPSOR\HG� K� KRXUV� SHU� SHULRG� DQG� D� FHUWDLQ� IUDFWLRQ� LV� XQHPSOR\HG�� 7KLV

DVVXPSWLRQ��UHSUHVHQWHG�E\�WKH�OLQHDULW\�RI�OHLVXUH�LQ�WKH�XWLOLW\�IXQFWLRQ��DOORZV�JUHDWHU�VXEVWLWXWLRQ

EHWZHHQ�OHLVXUH�DW�GLIIHUHQW�GDWHV����)LQDOO\��JRYHUQPHQW�FRQVXPSWLRQ�LQ�SHULRG�W�� ��LV�DVVXPHG�WR�EHgt

ZHLJKWHG�LQ�XWLOLW\�E\�°��7KLV�ZHLJKW�GHSHQGV�RQ�WKH�UHODWLYH�SULFH�RI�SULYDWH�FRQVXPSWLRQ�RI�WKH�FDVK

JRRG�DQG�SXEOLF�FRQVXPSWLRQ��,I�°� ���WKHQ�SXEOLF�FRQVXPSWLRQ�DQG�SULYDWH�FDVK�FRQVXPSWLRQ�JRRGV

DUH� SHUIHFW� VXEVWLWXWHV�� ,I� ° ��� KRZHYHU�� SXEOLF� FRQVXPSWLRQ� GRHV� QRW� DIIHFW� WKH� XWLOLW\� RI� WKH

KRXVHKROGV�

7KH�SHU�FDSLWD�PRQH\�VXSSO\�LV�DVVXPHG�WR�JURZ�DW�WKH�UDWH� �HYHU\�SHULRG��L�H�����e
µt
	1
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Ptgt�Tt 
 2tPt c1t�c2t �Mt�1	Mt ���

Yt 
 e
ztK �

t H 1	�
t ���

wt 
 (1	�)e
zt

Kt

Ht

�

rt 
 �e
zt

Ht

Kt

1	� ���

c1t�c2t� it�gt 
 e
zt K �

t H 1	�
t ���

zt�1 
 (1	!z)z�!zzt�0
z
t�1

µt�1 
 (1	!µ )µ�!µµt�0
µ
t�1

gt�1 
 (1	!g)g�!ggt�0
g
t�1

tt�1 
 (1	!t ) t�!t tt�0
t
t�1

����

ZKHUH���LV�UHYHDOHG�DW�WKH�EHJLQQLQJ�RI�SHULRG�W��

,Q�WKLV�FRQWH[W��WKH�JRYHUQPHQW�EXGJHW�FRQVWUDLQW�LV�JLYHQ�E\�

7KH�UHSUHVHQWDWLYH�ILUP�VHHNV�WR�PD[LPL]H�SURILW��ZKLFK�LV�HTXDO�WR� ��$JJUHJDWHYt	wtHt	 rtKt

RXWSXW� ��LV�SURGXFHG�DFFRUGLQJ�WR�WKH�IROORZLQJ�FRQVWDQW�UHWXUQ�WR�VFDOH�WHFKQRORJ\�Yt

�ZKHUH� �DQG� �DUH�WKH�DJJUHJDWH�FDSLWDO�VWRFN�DQG�ODERU�LQSXW��UHVSHFWLYHO\�Kt Ht

7KH�WHFKQRORJ\�VKRFN�� ��LV�DVVXPHG�WR�EH�UHYHDOHG�DW�WKH�EHJLQQLQJ�RI�SHULRG�W��7KH�ILVW�RUGHUzt

FRQGLWLRQV�IRU�WKH�ILUP·V�SUREOHP�\LHOG�WKH�IROORZLQJ�IXQFWLRQV�IRU�WKH�ZDJH�UDWH�DQG�UHQWDO�UDWH�RI

FDSLWDO�

)LQDOO\��WKH�IROORZLQJ�PDUNHW�FOHDULQJ�FRQVWUDLQW�LV�DVVXPHG�WR�EH�VDWLVILHG�

7KH�VWRFKDVWLF�VKRFNV�HYROYH�DFFRUGLQJ�WR�WKH�IROORZLQJ�ODZV�RI�PRWLRQ�
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v z,µ ,2 ,g,K ,k,m̂ 
 max . logc1� (1	.) log c2��g 	�h��Ev(z� ,µ� ,2� ,g � ,K � ,k � ,m̂�)

c1 

1

1�2
T� m̂

P̂

c2 
 (1	�)e z K
H

�

h��e z H
K

1	�

k	 i	 m̂�

P

T 

eµ
	1

P̂
	gy

I 
 K �
	 (1	/)K

i 
 k �
	 (1	/)k

����

K �

 K (z,µ ,2 ,g,K )

H �

 H (z,µ ,2 ,g,K )

P �

 P(z,µ ,2 ,g,K )

����

,Q� RUGHU� WR� JXDUDQWHH� D� VWDWLRQDU\� VROXWLRQ� LQ� WKH� OLPLW��ZH� WUDQVIRUP� YDULDEOHV� VR� WKDW� DOO

YDULDEOHV� LQ� WKH� GHWHUPLQLVWLF� YHUVLRQ� RI� WKH� KRXVHKROG
V� SUREOHP� FRQYHUJH� WR� D� VWHDG\� VWDWH�� ,Q

SDUWLFXODU��ZH�GHILQH� DQG�XVH�WKLV�WR�HOLPLQDWH� �DQG� �IURP�WKH�SUREOHP�m̂t �
mt

Pt

, p̂t �
Pt

Mt�1

mt Pt

7KH�%HOOPDQ·V�HTXDWLRQ�IRU�WKH�KRXVHKROG·V�SUREOHP�FDQ�QRZ�EH�ZULWWHQ�DV�IROORZV�

VXEMHFW�WR

DQG�WR�WKH�GHFLVLRQ�UXOHV

7KH� ODVW� OLQH� JLYHV� WKH� SHUFHLYHG� IXQFWLRQDO� UHODWLRQVKLS� EHWZHHQ� WKH� DJJUHJDWH� VWDWH

��DQG�SHU�FDSLWD�LQYHVWPHQW��SHU�FDSLWD�KRXUV���DQG�WKH�SULFH�OHYHO��,Q�HTXLOLEULXP��WKHVH(z,µ ,2 ,g,K )

IXQFWLRQV�PXVW�VDWLVI\�WKH�UHTXLUHPHQWV�RI�WKH�IROORZLQJ�GHILQLWLRQ�

$� UHFXUVLYH� FRPSHWLWLYH� HTXLOLEULXP� FRQVLVWV� RI� D� VHW� RI� GHFLVLRQ� UXOHV� IRU� WKH� KRXVHKROG�

�� �� �� � DQGc1(z,µ ,2 ,g,K ,k,m̂) c2(z,µ ,2 ,g,K ,k,m̂) k � (z,µ ,2 ,g,K ,k,m̂) h(z,µ ,2 ,g,K ,k,m̂)

��D�VHW�RI�SHU�FDSLWD�GHFLVLRQ�UXOHV �DQG� ��SULFLQJm̂� (z,µ ,2 ,g,K ,k,m̂) K (z,µ ,2 ,g,K ) H (z,µ ,2 ,g,K )

IXQFWLRQV� � � DQG� �� D� JRYHUQPHQW� WUDQVIHU� IXQFWLRQP(z,µ ,2 ,g,K ) w(z,µ ,2 ,g,K ) r (z,µ ,2 ,g,K )

DQG�D�YDOXH�IXQFWLRQ� VXFK�WKDW�T(z,µ ,2 ,g,K ) v(z,µ ,2 ,g,K ,k,m̂)
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k � (z,µ ,2 ,g,K ,K ,1) 
 K (z,µ ,2 ,g,K )
h � (z,µ ,2 ,g,K ,K ,1) 
 H (z,µ ,2 ,g,K )
m̂� (z,µ ,2 ,g,K ,K ,1) 
 1

����

& +RXVHKROGV�RSWLPL]H��*LYHQ�WKH�SULFLQJ�IXQFWLRQV�DQG�WKH�SHU�FDSLWD�GHFLVLRQ�UXOHV��VROYHV�WKH

IXQFWLRQDO�HTXDWLRQ� �IURP�WKH�SUHYLRXV�%HOOPDQ�SUREOHP��DQG�v(z,µ ,2 ,g,K ,k,m̂) c1,c2,k � ,h,

DQG� DUH�WKH�DVVRFLDWHG�GHFLVLRQ�UXOHV�m̂�

& 7KH�ILUP�RSWLPL]HV��7KH�IXQFWLRQV�Z�DQG�U�DUH�JLYHQ�E\�HTXDWLRQ���

& 7KH�JRYHUQPHQW�VDWLVILHV�LWV�EXGJHW�FRQVWUDLQW��JLYHQ�E\�HTXDWLRQ����DQG

& ,QGLYLGXDO�GHFLVLRQV�DUH�FRQVLVWHQW�ZLWK�DJJUHJDWH�RXWFRPHV�

:H�VROYH�IRU�WKH�OLQHDU�SHU�FDSLWD�GHFLVLRQ�UXOHV�IRU�D�OLQHDU�TXDGUDWLF�DSSUR[LPDWLRQ�RI�WKLV

HFRQRP\��7KH�PHWKRGV�HPSOR\HG�DUH�GHVFULEHG�LQ�GHWDLO�LQ�+DQVHQ�DQG�3UHVFRWW��������

)LQDOO\��QRWLFH�WKDW��E\�LQWURGXFLQJ�VHYHUDO�VLPSOLILFDWLRQV��WKH�SUHYLRXV�JHQHUDO�PRGHO�FDQ�EH

WULYLDOO\�WUDQVIRUPHG�LQWR�D�VWDQGDUG�UHDO�EXVLQHVV�F\FOH�PRGHO��DV�LQ�3UHVFRWW���������RU�DV�D�UHDO�EXVLQHVV

F\FOH�PRGHO�ZLWK�ILVFDO�SROLF\�DV�WKH�RQO\�SROLF\�VRXUFH�RI�DJJUHJDWH�VKRFNV��DV�LQ�0F*UDWWDQ���������)RU

H[DPSOH��E\�HOLPLQDWLQJ�WKH�FDVK�LQ�DGYDQFH�FRQVWUDLQW��DQG�E\�VHWWLQJ� ��IRU�DOO�W�DQG�¡� ��mt
gt
2t
0

WKH�PRGHO�FRQYHUJHV�WR�D�VWDQGDUG�UHDO�EXVLQHVV�F\FOH�HFRQRP\��ZKHUH�WHFKQRORJ\�VKRFNV�DUH�WKH�VROH

VRXUFH�RI�IOXFWXDWLRQV�

���� ,QWURGXFLQJ�QRPLQDO�ZDJH�ULJLGLWLHV

7KH�HPSLULFDO�HYLGHQFH��SUHVHQWHG�LQ�VHFWLRQ����VKRZV�WKDW�LQ�&KLOH�WKHUH�LV�KLJK�SHUVLVWHQF\�LQ

ERWK��SULFHV�DQG�ZDJHV��)XUWKHUPRUH��DV� LQ�PRVW�FRXQWULHV��D�VLJQLILFDQW�SRUWLRQ�RI�WKH� ODERU�IRUFH

�HVSHFLDOO\�PDQXIDFWXULQJ�� SDUWLFLSDWH� LQ� ORQJ�WHUP� FRQWUDFWV� DQG� ODERU�PDUNHWV� VKRZ� HYLGHQFH� RI

ULJLGLWLHV�� FKDUDFWHUL]HG�E\� WKH� IDFW� WKDW� DJJUHJDWH�KRXUV� IOXFWXDWH�PRUH� WKDQ�ZDJHV�GR��$� UHOHYDQW

TXHVWLRQ��ZLWKLQ� WKLV� FRQWH[W�� LV� KRZ� UHOHYDQW� DUH�� LQ� SUDFWLFH�� QRPLQDO� FRQWUDFWV� DV� D� SURSDJDWLRQ

PHFKDQLVP�RI�QRPLQDO�VKRFNV�LQ�&KLOH"

6HYHUDO�SDSHUV�KDYH�VWXGLHG�WKH�LPSOLFDWLRQV�RI�QRPLQDO�ZDJH�FRQWUDFWV�LQ�WKH�86��ZLWKLQ�WKH

HTXLOLEULXP�EXVLQHVV�F\FOHV�OLWHUDWXUH��6HH�IRU�H[DPSOH��+DQVHQ�DQG�&RROH\���������+HUH��ZH�LQFRUSRUDWH

QRPLQDO�ZDJH�FRQWUDFWV�WR�HYDOXDWH�WKH�UHOHYDQFH�RI�QRPLQDO�ULJLGLWLHV�WR�XQGHUVWDQG�WKH�PDLQ�IHDWXUHV

RI�WKH�&KLOHDQ�EXVLQHVV�F\FOHV�
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wt 
 (1	�)e
zt

Kt

Ht

�

����

logW c

 log(1	�)�� ( logK	 logĤ)�E[z� logP|]. ����

H (zt	1,µt	1,gt	1,2t	1,Kt) 

(1	�)e

zt P

W c()

1
� K ����

:H�PRGLI\�WKH�FDVK�LQ�DGYDQFH�PRGHO�VWXGLHG�LQ�WKH�SUHYLRXV�VHFWLRQ��IROORZLQJ�&RROH\�DQG

+DQVHQ���������ZH�LPSRVH�WKDW�WKH�QRPLQDO�ZDJH�UDWH�IRU�SHULRG�W�EH�DJUHHG�WR�RQH�SHULRG�LQ�DGYDQFH�

,Q�RWKHU�ZRUGV��DW�WKH�HQG�RI�SHULRG�W����WKH�QRPLQDO�ZDJH�UDWH�IRU�SHULRG�W�LV�FRPSHWLWLYHO\�GHWHUPLQHG

RQ�WKH�EDVLV�RI�H[SHFWDWLRQV�DERXW�WKH�WHFKQRORJ\��ILVFDO�DQG�PRQHWDU\�VKRFNV��7KHQ��LQ�SHULRG�W��DIWHU

WKH�VKRFNV�DUH�UHYHDOHG��KRXVHKROGV�FKRRVH�FRQVXPSWLRQ�DQG�LQYHVWPHQW��,Q�DGGLWLRQ��ILUPV�XQLODWHUDOO\

FKRRVH�HPSOR\PHQW�WR�HTXDWH�WKH�PDUJLQDO�SURGXFW�RI�ODERU�WR�WKH�UHDOL]HG�UHDO�ZDJH�

)URP�WKH�ILUVW�RUGHU�FRQGLWLRQ�IRU�WKH�ILUP
V�SUREOHP��ZH�NQRZ�WKDW

,Q�WKLV�VHWWLQJ��WKLV�LPSOLHV�WKDW

ZKHUH� � LV� WKH� QRPLQDO�ZDJH� UDWH��ZKLFK� LV� D� IXQFWLRQ� RI� �� DQG� �� ,QGLYLGXDO
VWc
t zt	1,µt	1,gt	1 2t	1

FRQVXPSWLRQ�DQG�LQYHVWPHQW�FKRLFHV�DUH�IXQFWLRQV�RI�WKH�IXOO�VWDWH�YHFWRU�(zt	1,µt	1,gt	1,2t	1,Kt ,kt ,mt)

ZKLOH�SHU�FDSLWD�FRQVXPSWLRQ��LQYHVWPHQW�DQG�HPSOR\PHQW�DUH�IXQFWLRQV�RI�WKH�DJJUHJDWH�IXOO�VWDWH

YHFWRU� �� )XUWKHUPRUH�� �� LV� WKH� DJJUHJDWH� LQIRUPDWLRQ� VHW�� FRQVLVWLQJ� RI(zt	1,µt	1,gt	1,2t	1,Kt)

��)LQDOO\�� �LV�WKH�H[SHFWHG�ODERU�LQSXW�JLYHQ���IRU�ZKLFK� �LV�WKH�PDUNHW(zt	1,µt	1,gt	1,2t	1,Kt) Ĥ Wc
t

FOHDULQJ�ZDJH��7DNLQJ� DV�JLYHQ��KRXVHKROGV�FKRRVH�WKHLU�GHVLUHG�ODERU�VXSSO\�� ��DV�D�IXQFWLRQ�RIWc
t Ĥ

��,Q�DGGLWLRQ��WKH�ILUP��DOVR�WDNLQJ� �DV�JLYHQ��FKRRVHV�LWV�GHPDQG�IRU(zt	1,µt	1,gt	1,2t	1,Kt ,kt ,mt) Wc
t

WKH�H[SHFWHG�ODERU�LQSXW�E\�PD[LPL]LQJ�H[SHFWHG�SURILWV�JLYHQ�WKH�LQIRUPDWLRQ�VHW���7KH�UHVXOWLQJ

HTXLOLEULXP�FRQWUDFW�ZDJH�ZLOO�HTXDWH�WKH�FRQGLWLRQDO�H[SHFWHG�YDOXH�RI�WKH�PDUJLQDO�SURGXFW�RI�ODERU

PXOWLSOLHG�E\�WKH�SULFH�OHYHO��JLYHQ���

2QFH�WKH�IXOO�VWDWH�YHFWRU�� �LV�UHYHDOHG��DFWXDO�KRXUV�ZRUNHG��+��LV�FKRVHQ(zt	1,µt	1,gt	1,2t	1,Kt)

E\�WKH�ILUP�VR�WKDW�WKH�PDUJLQDO�SURGXFW�RI� ODERU� LV�HTXDO� WR�WKH�UHDOL]HG�UHDO�ZDJH��7RJHWKHU�ZLWK

HTXDWLRQ�����ZH�KDYH�WKDW
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logH 
 logĤ�
1
�

logP	E logP �
1
�
0

z
����

logh 
 logĥ� 1
�

logP	E logP �
1
�
0

z
����

8VLQJ�HTXDWLRQ����WR�HOLPLQDWH� ��ZH�REWDLQWc
t

(TXDWLRQ����LPSOLHV�WKDW� �LV�DQ�L�L�G��UDQGRP�YDULDEOHV�ZLWK�]HUR�PHDQ��)LQDOO\�logH	 logĤ

DQG��WKHUHIRUH��KRXVHKROGV�XQGHUVWDQG�WKDW�WKHLU�FKRLFH�IRU� �ZLOO�GLIIHUĥ zt	1,µt	1,gt	1,2t	1,Kt ,kt ,mt

IURP� WKHLU� DFWXDO� KRXUV� ZRUNHG�� � E\� WKH� UHDOL]DWLRQ� RI� WKLV� UDQGRPh zt	1,µt	1,gt	1,2t	1,Kt ,kt ,mt

YDULDEOH�

$V�EHIRUH��LQ�RUGHU�WR�VROYH�WKH�UHSUHVHQWDWLYH�KRXVHKROG�G\QDPLF�SURJUDPPLQJ�SUREOHP��ZH

WUDQVIRUP�WKH�SULFH�OHYHO�DQG�PRQHWDU\�VWRFN�VR�WKDW�DOO�YDULDEOHV�DUH�VWDWLRQDU\�LQ�WKH�OLPLW�

��� 3DUDPHWHUL]DWLRQ�RI�WKH�&KLOHDQ�HFRQRP\

7KH�PRGHOV�ZHUH�SDUDPHWHUL]HG�XVLQJ�TXDUWHUO\�GDWD�IRU�WKH�����������SHULRG��7KH�GDWD�DUH

H[SUHVVHG�LQ�UHDO�GRPHVWLF�FXUUHQF\�RI������DQG�ZHUH�GHVHDVRQDOL]HG�XVLQJ�WKH�;����SURFHGXUH��VRXUFHV

DQG�GHWDLOHG�GHILQLWLRQV�RI�WKH�GDWD�DUH�GHVFULEHG�LQ�WKH�DSSHQGL[���0RVW�PDFURHFRQRPLF�YDULDEOHV�VXFK

DV�*'3��FRQVXPSWLRQ��DQG�LQYHVWPHQW�ZHUH�REWDLQHG�IURP�QDWLRQDO�DFFRXQWV�FRPSLOHG�E\�WKH�&HQWUDO

%DQN��7KH�GDWD�ZHUH�DGMXVWHG�WR�PDWFK�WKH�YDULDEOHV�LQ�WKH�PRGHO��:H�XVHG�*DOOHJR�DQG�6RWR
V�������

EUHDNGRZQ�RI�SULYDWH�FRQVXPSWLRQ�LQWR�GXUDEOH�DQG�QRQ�GXUDEOH�JRRGV��7KHVH�VHULHV�GRHV�QRW�FRYHU

KRXVLQJ��&RQVHTXHQWO\��RXWSXW�VHULHV�ZHUH�DGMXVWHG�WR�H[FOXGH�WKH�LPSXWHG�VHUYLFHV�RI�KRXVLQJ�DQG

LQFOXGH� WKH� VHUYLFHV� SURYLGHG� E\� WKH� VWRFN� RI� GXUDEOH� JRRGV�� 7RWDO� FRQVXPSWLRQ� LQFOXGHV� SULYDWH

FRQVXPSWLRQ�LQ�QRQGXUDEOH�JRRGV�DQG�JRYHUQPHQW�FRQVXPSWLRQ��*URVV�LQYHVWPHQW�ILJXUHV�ZHUH�DOVR

DGMXVWHG�WR�H[FOXGH�UHVLGHQWLDO�FRQVWUXFWLRQ��KRXVLQJ��DQG�LQFOXGH�SXUFKDVHV�RI�GXUDEOH�JRRGV�DQG�SXEOLF

LQYHVWPHQW�

7KH�FDSLWDO�VWRFN�VHULHV�ZHUH�REWDLQHG�UHFXUVLYHO\�XVLQJ�WKH�SHUSHWXDO�LQYHQWRU\�PHWKRG��EDVHG

RQ�DQ�HVWLPDWH�RI�WKH�HQG�RI�SHULRG�FDSLWDO�VWRFN�LQ�PDFKLQHU\�DQG�QRQ�UHVLGHQWLDO�EXLOGLQJV�IRU�����

E\�+RIPDQ���������:H�LQFOXGHG�DOVR�WKH�VWRFN�RI�GXUDEOH�JRRGV�FDOFXODWHG�E\�*DOOHJR�DQG�6RWR��������
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:H�DVVXPHG�D�TXDUWHUO\�GHSUHFLDWLRQ�UDWH��¤��RI�����7KH�GHSUHFLDWLRQ�UDWH�FRPSXWHG�E\�UHJUHVVLQJ�WKH

GHSUHFLDWLRQ�VHULHV�RQ�WKH�FDSLWDO�VWRFN�\LHOGV�D�VLPLODU�HVWLPDWH���������)RU�WKH�����������SHULRG�WKH

FDSLWDO�WR�TXDUWHUO\�RXWSXW�UDWLR�LV�����

7KH�EUHDNGRZQ�RI�WLPH�EHWZHHQ�ZRUN�DQG�OHLVXUH�ZDV�REWDLQHG�DV�IROORZV��7RWDO�DYDLODEOH�KRXUV

SHU�ZHHN�ZHUH�FRPSXWHG�E\�PXOWLSO\LQJ�WKH�ODERU�IRUFH�E\�����KRXUV�SHU�ZHHN��7RWDO�ZRUNHG�KRXUV�SHU

ZHHN�ZHUH�FRPSXWHG�XVLQJ�DYHUDJH�KRXUV�ZRUNHG�DQG�HPSOR\PHQW��:H�REWDLQHG�DQ�HVWLPDWHG�VKDUH

RI�OHLVXUH�RI������VXEVWDQWLDOO\�EHORZ�WKH�VWDQGDUG�����RI�EHQFKPDUN�PRGHOV�IRU�GHYHORSHG�HFRQRPLHV�

&DVXDO�HYLGHQFH�VXJJHVWV�RXU�HVWLPDWH�LV�OLNHO\�WR�EH�DFFXUDWH�VLQFH�SDUW�WLPH�ZRUN�LV�YHU\�XQFRPPRQ

LQ� WKH� IRUPDO� ODERU�PDUNHW� LQ�&KLOH� DQG�RFFDVLRQDO� VXUYH\V� WHQG� WR� VXSSRUW� WKH�QRWLRQ� WKDW�ZRUN

VFKHGXOHV� DUH� PDUNHGO\� ORQJHU� WKDQ� LQ� GHYHORSHG� HFRQRPLHV�� 7KH� FRPSOHWH� VHW� RI� SDUDPHWHUV� LV

GLVSOD\HG�LQ�7DEOH���

6RPH�RI�WKH�SDUDPHWHUV�ZHUH�REWDLQHG�IURP�WKH�(XOHU�FRQGLWLRQV�RI�WKH�JHQHUDO�HTXLOLEULXP

PRGHOV�GHVFULEHG�EHIRUH��)RU�H[DPSOH��WKH�GLVFRXQW�IDFWRU�ZDV�REWDLQHG�IURP�WKH�(XOHU�FRQGLWLRQ�IRU

FRQVXPSWLRQ�� ��:H�XVHG�WKH�����������DYHUDJH�RI�WKH�UHDO�LQWHUHVW�UDWH��DQQXDOL]HG�������
 (1� r)	1

WR�REWDLQ�DQ�HVWLPDWHG�RI�¢�RI��������7KH�VKDUH�RI�FDSLWDO�LQ�RXWSXW��¨��ZDV�DOVR�REWDLQHG�IURP�WKH

ILUVW�RUGHU� FRQGLWLRQV� RI� WKH� RSWLPL]DWLRQ� SUREOHP�� �� ,Q� PRGHOV� WKDW� H[FOXGH� WKH�

[1	�(1	/)]

�

k
y

JRYHUQPHQW��WKH�FDOLEUDWHG�SDUDPHWHU�LV�������ZKLOH�LQ�PRGHOV�LQFOXGLQJ�WKH�JRYHUQPHQW��WKH�FDOLEUDWHG

SDUDPHWHU�LV�������7KHVH�YDOXHV�DUH�PXFK�ORZHU�WKDQ�WKH�IDFWRU�VKDUH�RI�FDSLWDO�LQ�*'3�UHSRUWHG�E\�WKH

&KLOHDQ�QDWLRQDO�DFFRXQWV���������:H�GR�QRW�XVH�WKLV�HVWLPDWH�IRU�WZR�UHDVRQV��)LUVW��PHDVXUHG�ODERU

FRPSHQVDWLRQ�LQ�FRXQWULHV�OLNH�&KLOH�IDLOV�WR�DFFRXQW�IRU�WKH�LQFRPH�RI�PRVW�VHOI�HPSOR\HG�DQG�IDPLO\

ZRUNHUV��ZKR�PDNH�XS�D�ODUJH�IUDFWLRQ�RI�WKH�ODERU�IRUFH��*ROOLQ��������VKRZV�WKDW��IRU�FRXQWULHV�ZKHUH

WKHUH�LV�VXIILFLHQW�GDWD�WR�DGMXVW�IRU�WKLV�PLVPHDVXUHPHQW��WKH�UHVXOWLQJ�FDSLWDO�VKDUHV�WHQG�WR�EH�FORVH

WR�������,Q�IDFW�WKH�HVWLPDWH�IRU�WKH�&KLOHDQ�HFRQRP\�LV��������6HFRQG��D�KLJK�FDSLWDO�VKDUH�LPSOLHV

LPSODXVLEO\�KLJK�UDWHV�RI�UHWXUQ�RQ�FDSLWDO�LQ�RXU�QXPHULFDO�H[SHULPHQWV��$�FDSLWDO�VKDUH�RI�����ZRXOG

LPSO\�DQ�DQQXDO�UHDO�LQWHUHVW�UDWH�RI�RYHU�����

7KH�SDUDPHWHU�RI�OHLVXUH�LQ�WKH�XWLOLW\�IXQFWLRQ��£��DOVR�GHSHQGV�RQ�WKH�VSHFLILFDWLRQ�RI�WKH�ODERU

PDUNHW�DQG�WKH�SUHVHQFH�RI�WKH�JRYHUQPHQW��)RU�PRGHOV�WKDW�DVVXPH�D�IULFWLRQOHVV�ODERU�PDUNHW�DQG�QR

JRYHUQPHQW��SDUDPHWHU�£�ZDV�FDOLEUDWHG�DV�
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�

(1	�) l

n(1	/ k
y
) ����

�

(1	�)l

(1�2)n 1	/ k
y
	g(1	�)

����

U �(ct)

�U �(ct�1)

1� r t	/


ct�1��gt�1

� (ct��gt)
����

ct 

1

�(1� r t	/)
ct	1�� gt	

gt	1

� (1� r t	/)
�0t ����

ZKLOH�LQ�PRGHOV�WKDW�FRQVLGHU�ERWK�LQVWLWXWLRQDO�ULJLGLWLHV�LQ�WKH�ODERU�PDUNHW�DQG�WKH�SUHVHQFH�RI�WKH

JRYHUQPHQW��WKLV�SDUDPHWHU�ZDV�FDOLEUDWHG�DV��

7KH�FDOLEUDWHG�£�SDUDPHWHUV�DUH�LQ�WKH�UDQJH�>����������@��VXJJHVWLQJ�WKHUH�LV�OLWWOH�FXUYDWXUH�LQ�WKH�ODERU

VXSSO\�IXQFWLRQ�

,Q�WKH�DEVHQFH�RI�PLFURHFRQRPLF�VWXGLHV�RI�WKH�&KLOHDQ�FDVH��WKH�SURSRUWLRQ�RI�JRYHUQPHQW

H[SHQGLWXUHV�WKDW�LV�YDOXHG�E\�FRQVXPHUV��°��ZDV�HVWLPDWHG�XVLQJ�WKH�IROORZLQJ�(XOHU�HTXDWLRQ�

)URP�WKLV�ILUVW�RUGHU�FRQGLWLRQ�ZH�UXQ�WKH�IROORZLQJ�QRQ�OLQHDU�UHJUHVVLRQ�

WKH�HVWLPDWHG�SDUDPHWHU� LV�°� ��������VWG��GHY� �������� LPSO\LQJ�WKDW� OHVV�WKDQ�KDOI�RI�JRYHUQPHQW

H[SHQGLWXUHV� LV� YDOXHG� E\� FRQVXPHUV� DV� VXEVWLWXWH� RI� SULYDWH� FRQVXPSWLRQ�� :H� GHHP� RXU� YDOXH

UHDVRQDEOH�IRU�WKH�&KLOHDQ�FDVH�VLQFH�DURXQG�����RI�JRYHUQPHQW�FXUUHQW�H[SHQGLWXUHV�LQ�WKH����������

SHULRG�ZHUH�GLUHFW�WUDQVIHUV�WR�WKH�SRSXODWLRQ�LQ�WHUPV�RI�KHDOWK��HGXFDWLRQ��DQG�KRXVLQJ�VXEVLGLHV

�%DQFR�&HQWUDO�GH�&KLOH��������
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û logxt
 x̄(1	!x)�!x logxt	1�0
x
t ����

Ct

C r
t



1
.
�

1	.
.

Rt ����

,Q�RUGHU�WR�REWDLQ�DQ�HVWLPDWH�RI�WKH�SURSRUWLRQ�RI�WKH�WUDQVDFWLRQV�PDGH�E\�FRQVXPHUV�XVLQJ

FDVK��ZH�XVH�WKH�(XOHU�HTXDWLRQV�IRU�FRQVXPSWLRQ�ZKLFK�LPSOLHV�

ZKHUH� � LV� WKH� LQYHUVH� SURSRUWLRQ� RI� FDVK� JRRGV� LQ� WRWDO� FRQVXPSWLRQ�� 1RWH� WKDW�� VLQFHCt /C
r

t

FDVK�LQ�DGYDQFH�UHVWULFWLRQV�KROG�� ��)ROORZLQJ�&RROH\�DQG�+DQVHQ���������ZH�UHJUHVV�WKHCt /C
r

t 
Ct /Mt

UDWLR�QRQ�GXUDEOH�FRQVXPSWLRQ�PRQH\��0���RQ�WKH�QRPLQDO�LQWHUHVW�UDWH��7KH�PRGHO�ZDV�HVWLPDWHG

XVLQJ�QRQ�OLQHDU�OHDVW�VTXDUHV�DQG�REWDLQHG�D�SRLQW�HVWLPDWH�YDOXH�RI��������VWG��GHY� ���������$UJXDEO\�

WKH�HVWLPDWLRQ�LV�QRW�QHFHVVDULO\�DQ�DFFXUDWH�PHDVXUH�RI�FDVK�JRRGV�VLQFH�0��LQFOXGHV�PRQH\�KHOG�E\

ILUPV��1HYHUWKHOHVV��WKH�ODWWHU�LV�D�YHU\�VPDOO�SURSRUWLRQ�RI�PRQH\�EDODQFHV�LQ�WKH�&KLOHDQ�FDVH�

7DEOH��
3DUDPHWHUL]DWLRQ

0RGHO ¢ ¤ £ ¨ ° � ¡

)ULFWLRQOHVV�ODERU
1R�JRYHUQPHQW

������ ���� ������ ��� � � �

/DERU�ULJLGLWLHV
1R�JRYHUQPHQW

������ ���� ������ ��� � � �

/DERU�ULJLGLWLHV
*RYHUQPHQW

������ ���� ������ ���� ���� � �

/DERU�ULJLGLWLHV
*RYHUQPHQW�DQG�PRQH\

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

7KH�G\QDPLF�VWRFKDVWLF�JHQHUDO�HTXLOLEULXP�PRGHOV�FRQVLGHU�IRXU�IRUFLQJ�YDULDEOHV��WHFKQRORJ\

VKRFNV��JRYHUQPHQW�FRQVXPSWLRQ��WD[HV��DQG�PRQH\�JURZWK���7HFKQRORJ\�VKRFNV�ZHUH�REWDLQHG�GLUHFWO\

IURP� WKH�GDWD� XVLQJ� WKH� FDOLEUDWHG� IDFWRU� VKDUHV� DV� ��$V�PHQWLRQHG� LQ� VHFWLRQ� ��� WKH�t
yt /k
�

t l 1	�
t

SURFHVVHV�RI�WKH�IRXU�VKRFNV�DUH�SDUDPHWHUL]HG�HVWLPDWLQJ�WKH�IROORZLQJ�FDQRQLFDO�UHJUHVVLRQV�
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7KH� YDOXHV� RI� � FRUUHVSRQG� WR� WKH� DYHUDJH� VDPSOH� YDOXHV� RI� HDFK� YDULDEOH�� 7KH� DYHUDJHx̄

WHFKQRORJ\�VKRFN�� ��ZDV�VHW�DW���VLQFH�LW�LV�RQO\�D�VFDOH�SDUDPHWHU��7KH�DYHUDJH�JURZWK�LQ�WKH�SHU�FDSLWD�̄

PRQH\�VXSSO\�LV�����ZKLOH�JRYHUQPHQW�FRQVXPSWLRQ�DPRXQWV�WR������RI�*'3�DQG�WD[HV��������7KH

$5����SURFHVVHV�ILWWHG�WR�WKH�GHWUHQGHG�YDULDEOHV�\LHOG�WKH�FRHIILFLHQWV�LQ�7DEOH���DQG�VKRZ�QR�VLJQ�RI

UHVLGXDO�FRUUHODWLRQ��:H�DOVR�FRPSXWHG�WKH�YDULDQFH�RI�WKH�LQQRYDWLRQV�RI�WKHVH�VKRFNV�� ��DV�VKRZQ1
2

0
x

LQ�WDEOH���

7DEOH��
6WRFKDVWLF�3URFHVVHV�RI�,QQRYDWLRQV

)RUFLQJ�YDULDEOH ±[x̄ 1
2

0
x

7HFKQRORJ\�VKRFNV ����� ����� ������

0RQH\�JURZWK ����� ����� ������

*RY��FRQVXPSWLRQ ����� ����� ������

7D[HV ����� ����� ������

��� 7HVWLQJ�5HDO�%XVLQHVV�&\FOHV�0RGHOV�LQ�DQ�(PHUJLQJ�(FRQRP\

%HIRUH� SUHVHQWLQJ� WKH� VLPXODWLRQ� UHVXOWV� LW� LV� LQWHUHVWLQJ� WR� HYDOXDWH� KRZ� GLIIHUHQW� DUH� WKH

SDUDPHWHUV� RI� WKH� &KLOHDQ� HFRQRP\� ZKHQ� FRPSDUHG� WR� WKRVH� XVHG� LQ� VWXGLHV� RI� WKH� GHYHORSHG

HFRQRPLHV��7DEOH���SUHVHQWV�D�VXPPDU\�RI�WKH�NH\�SDUDPHWHUV��7KH�&KLOHDQ�HFRQRP\��DV�ZHOO�DV�RWKHU

HPHUJLQJ�HFRQRPLHV��GLIIHU�LQ�IXQGDPHQWDOV�DVSHFWV�IURP�GHYHORSHG�HFRQRPLHV�

)LUVW�DQG�IRUHPRVW��FDSLWDO�LV�PRUH�VFDUFH�LQ�HPHUJLQJ�HFRQRPLHV�WKDQ�LQ�GHYHORSHG�HFRQRPLHV�

$V�SUHVHQWHG�LQ�7DEOH����WKH�UDWLR�RI�FDSLWDO�WR�DQQXDO�RXWSXW�LQ�&KLOH�LV�VLJQLILFDQWO\�ORZHU�WKDQ�LQ�WKH

86��7KHUHIRUH��UHDO�LQWHUHVW�UDWHV�DUH�VXEVWDQWLDOO\�KLJKHU��UHDFKLQJ������LQ�WKH�����������SHULRG��DOPRVW

WZLFH�DV�KLJK�DV�WKRVH�FRQVLGHUHG�LQ�EHQFKPDUN�PRGHOV�IRU�GHYHORSHG�HFRQRPLHV��0F*UDWWDQ������E�

&RROH\�DQG�+DQVHQ�������DQG�%DFNXV�HW�DO����������7KLV��LQ�WXUQ��LPSOLHV�WKDW�LQWHUWHPSRUDO�HIIHFWV�DUH

OHVV�LPSRUWDQW�LQ�&KLOH�DV�WKH�IXWXUH�LV�PRUH�KHDYLO\�GLVFRXQWHG�

$�VHFRQG�LPSRUWDQW�GLIIHUHQFH�LV�WKH�ZRUNLQJ�RI�ODERU�PDUNHWV��7KH�PRVW�VLJQLILFDQW�GLIIHUHQFH

LV�LQ�WKH�

FXUYDWXUH

�RI�ODERU�LQ�WKH�XWLOLW\�IXQFWLRQ��,Q�WKH�&KLOHDQ�FDVH��VXEVWLWXWLRQ�LV�OHVV�WKDQ�RQH�KDOI

RI�WKDW�LQ�WKH�86��ZKLFK�LV�LQ�WKH�����������UDQJH���D�IHDWXUH�WKDW�GRHV�QRW�GHSHQG�RQ�ODERU�PDUNHW
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ULJLGLWLHV��7KLV�UHIOHFWV�WKH�VPDOOHU�DPRXQW�RI�OHLVXUH�WLPH�DOORFDWHG�E\�&KLOHDQ�ZRUNHUV��DV�ZHOO�DV�WKH

ODUJHU�VKDUH�RI�FDSLWDO�LQ�IDFWRU�LQFRPHV��,W�VKRXOG�EH�QRWHG�WKDW�LQFUHDVLQJ�WKLV�SDUDPHWHU�IURP������WR

�����DOORZHG�+DQVHQ�������� WR� LPSURYH�VXEVWDQWLDOO\� WKH�DELOLWLHV�RI� UHDO�EXVLQHVV�F\FOHV�PRGHOV� LQ

UHSOLFDWLQJ�WKH�86�GDWD�RQ�RXWSXW�DQG�ODERU�PDUNHWV�

7KH�WKLUG�LPSRUWDQW�GLIIHUHQFH�EHWZHHQ�DQ�HPHUJLQJ�HFRQRP\��VXFK�DV�&KLOH��DQG�GHYHORSHG

HFRQRPLHV�LV�LQ�WKH�YRODWLOLW\�RI�VKRFNV�DQG�WKHLU�HIIHFW�RQ�RXWSXW�DQG�LWV�FRPSRQHQWV��7KH�YRODWLOLW\�RI

RXWSXW�²PHDVXUHG�DV�WKH�YDULDQFH�RI�GHWUHQGHG�ORJ�RI�*'3²�LV�����KLJKHU�WKDQ�WKH�86�DQG�DV�KLJK�DV

����RI�(XURSHDQ� HFRQRPLHV� �(XURSHDQ� GDWD� LV� WDNHQ� IURP�%DFNXV� HW� DO�� �������7KH� YRODWLOLW\� RI

WHFKQRORJLFDO�VKRFNV��KRZHYHU��VHHPV�WR�EH�YHU\�VLPLODU�LQ�&KLOH��WKH�86��DQG�(XURSHDQ�HFRQRPLHV�

1HYHUWKHOHVV��PRQH\�VKRFNV� LQ�&KLOH�DUH� WKUHH�WLPHV� ODUJHU��7KH�YRODWLOLWLHV�RI� LQIODWLRQ�DQG�SULFHV�

FRQVHTXHQWO\��DUH�DOVR�WZLFH�DV�KLJK�LQ�&KLOH�WKDQ�LQ�WKH�86��/LNHZLVH��JRYHUQPHQW�H[SHQGLWXUHV�LQ�&KLOH

DUH�DOVR�����PRUH�YRODWLOH�WKDQ�LQ�WKH�86�DQG�PRVW�(XURSHDQ�HFRQRPLHV��UHIOHFWLQJ�WKH�GHSHQGHQFH

RI�WKH�&KLOHDQ�ILVFDO�DFFRXQW�RQ�D�QDUURZHU�WD[�EDVH�

7DEOH��
&RPSDULVRQ�RI�.H\�3DUDPHWHUV

&KLOH����������
WKLV�VWXG\

86������������
0F�*UDWWDQ�������

86������������
&RROH\���+DQVHQ�������

&DSLWDO�RXWSXW�UDWLR ���� ����� �����

'LVFRXQW�5DWH ����� ����� �����

/HLVXUH�WLPH ����� ����� �����

/DERU�&XUYDWXUH
& IULFWLRQOHVV�PDUNHW
& PDUNHW�ULJLGLWLHV

������
������

�����
�����

�����
�

6KDUH�RI�*RY��([SHQG��LQ
8WLOLW\�)XQFWLRQ

����� ����� �

9RODWLOLW\�RI�*'3 ���� ���� ����

9DULDQFH�RI�LQQRYDWLRQV
& WHFKQRORJ\
& PRQH\
& JRY��H[SHQGLWXUHV

������
������
������

������
�

������

������
������
�



���7KH�HVWLPDWHG�YRODWLOLW\�RI�WKH�VWRFN�RI�FDSLWDO��������LV�GLVWRUWHG�E\�KDYLQJ�WKH�����������UHFHVVLRQ�DQG�WKH�OLPLWDWLRQV
RI�WKH�+3�ILOWHU��:KHQ�FRPSXWHG�ZLWK�WKH�����������SHULRG�ZH�REWDLQHG�D�YDOXH��������ZKLFK�LV�KLJKHU�WR�WKRVH�LQ�WKH�86
DQG�(XURSHDQ�������
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7KH� ODVW�VLJQLILFDQW�GLIIHUHQFH� LV� LQ� WKH�FRQVXPHUV·�YDOXDWLRQ�RI� WKH�JRRGV�SURYLGHG�E\� WKH

JRYHUQPHQW��0F*UDWWDQ������E��HVWLPDWHV�DQ�H[WUHPH�FDVH�IRU�WKH�86�HFRQRP\��]HUR�YDOXDWLRQ��,Q�WKH

&KLOHDQ�FDVH��WKH�HVWLPDWHG�YDOXH�LV�VXEVWDQWLDOO\� ODUJHU�� LQGLFDWLQJ�WKDW�WKH�FRQVXPHUV�EHQHILW�IURP

JRYHUQPHQW�H[SHQGLWXUHV�EXW�DOVR�QHHG�WR�VPRRWK�RXW�DQG�DGGLWLRQDO�VRXUFH�RI�VWRFKDVWLFLW\�

���� 6LPXODWLRQ�5HVXOWV

7KH�ILUVW�FROXPQ�LQ�WDEOH���UHSURGXFHV�WKH�PDLQ�LQGLFDWRUV�RI�WKH�&KLOHDQ�EXVLQHVV�F\FOH�ZH

ZRXOG�OLNH�WR�UHSOLFDWH�XVLQJ�RXU�5%&�PRGHOV��7KH�UHVXOWV�IRU�WKH�VLPSOHVW�PRGHO�DUH�SUHVHQWHG�LQ

FROXPQ���DQG�FRUUHVSRQGV�WR�WKH�FDVH�LQ�ZKLFK�ZH�H[FOXGH�WKH�JRYHUQPHQW��DOORZ�IRU�GLYLVLEOH�ODERU�

DQG�LQWURGXFH�RQO\�RQH�VRXUFH�RI�VWRFKDVWLFLW\�LQ�WKH�IRUP�RI�WHFKQRORJLFDO�VKRFNV��WKLV�LV�WKH�VLPSOHVW

.\GODQG�3UHVFRWW�W\SH�RI�PRGHO���,W�FDQ�EH�VHHQ�WKDW�WKH�PRGHO�LV�VXFFHVVIXO�LQ�UHSOLFDWLQJ�D�QXPEHU�RI

WKH�IHDWXUHV�RI�WKH�GDWD��,Q�IDFW��LW�UHSURGXFHV�����RI�WKH�YRODWLOLW\�RI�RXWSXW�DQG�LQYHVWPHQW��EXW�IDOOV

VKRUW�RI�PDWFKLQJ�WKDW�RI�FRQVXPSWLRQ�� ODERU�VXSSO\�DQG�FDSLWDO�VWRFN����,Q�DGGLWLRQ�� LW�SURGXFHV�D

SRVLWLYH�DQG�VLJQLILFDQW�FRUUHODWLRQ�EHWZHHQ�KRXUV�ZRUNHG�DQG�SURGXFWLYLW\��ZKLFK�LV�DW�RGGV�ZLWK�WKH

GDWD��EHLQJ�WKH�ODWWHU�QHJDWLYH��7KLV�VLPSOH�PRGHO�DOVR�UHSOLFDWHV�VRPH�RI�WKH�FRUUHODWLRQ�EHWZHHQ�WKH

YDULDEOHV�DQG�RXWSXW��EXW�LQ�JHQHUDO�WHUPV�LV�XQVDWLVIDFWRU\��)RU�VRPH�YDULDEOHV�LW�JHQHUDWHV�H[FHVVLYH

FRQWHPSRUDQHRXV�FRUUHODWLRQ��H�J���FRQVXPSWLRQ��LQYHVWPHQW��DQG�ODERU�SURGXFWLYLW\���ZKLOH�LQ�RWKHUV

LW�IDLOV�WR�FDSWXUH�WKH�WUXH�UHODWLRQVKLS��LQ�SDUWLFXODU�LQ�WKH�FDVH�RI�FDSLWDO�DQG�WRWDO�KRXUV�ZRUNHG��%\

FRQVWUXFWLRQ�WKH�PRGHO�GRHV�QRW�UHSOLFDWH�DQ\�QRPLQDO�YDULDEOH�

7KH�VHFRQG�FROXPQ�FRQVLGHUV�H[WHQGLQJ�WKH�SUHYLRXV�PRGHO�WR�LQFOXGH�ODERU�PDUNHW�ULJLGLWLHV�

,W�FDQ�EH�VHHQ�WKDW�WKH�PRGHO�LV�D�EHWWHU�UHSUHVHQWDWLRQ�RI�WKH�GDWD�LQ�WKLV�GLPHQVLRQ�DV�LW�QRZ�UHSOLFDWHV

����RI�WKH�YRODWLOLW\�RI�WKH�KRXUV�ZRUNHG��/LNHZLVH��2XWSXW�DQG�LQYHVWPHQW�IOXFWXDWLRQV�DUH�QRZ�DOPRVW

LGHQWLFDO�WR�WKH�GDWD��EXW�FRQVXPSWLRQ�DQG�ODERU�SURGXFWLYLW\�UHPDLQV�SRRUO\�UHSUHVHQWHG��7KH�PRGHO

GRHV�QRW�DOVR�UHSOLFDWH�FRUUHFWO\�WKH�G\QDPLFV�RI�WKH�HFRQRP\��DV�LW�DWWDFKHV�WRR�PXFK�FRQWHPSRUDQHRXV

FRUUHODWLRQ�EHWZHHQ�PRVW�YDULDEOHV�DQG�2XWSXW�� DQG� LW� IDLOV�SDUWLFXODUO\� WR� UHSOLFDWH� WKH�FRUUHODWLRQ

EHWZHHQ�KRXUV�ZRUNHG�DQG�ODERU�SURGXFWLYLW\�
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7DEOH���DOVR�SUHVHQWV�WKH�UHVXOWV�RI�H[WHQGLQJ�0RGHO���WR�LQFOXGH�WKH�ILVFDO�VLGH�RI�JRYHUQPHQW

DFWLYLWLHV��$V�GLVSOD\HG�LQ�FROXPQ����WKH�LQWURGXFWLRQ�RI�JRYHUQPHQW�H[SHQGLWXUHV�LPSURYHV�VLJQLILFDQWO\

WKH�DELOLWLHV�RI�WKH�EXVLQHVV�F\FOH�PRGHO�WR�UHSOLFDWH�WKH�YRODWLOLW\�RI�FRQVXPSWLRQ��7KH�PRGHO·V�FDSDFLW\

WR�UHSURGXFH�WKH�IXQFWLRQLQJ�RI�WKH�ODERU�PDUNHW�LV�VWLOO�GLVDSSRLQWLQJ��DV�LV�DSSDUHQW�LQ�WKH�LQVXIILFLHQW

YRODWLOLW\�RI�ODERU�SURGXFWLYLW\�DQG�WKH�SRVLWLYH�²\HW�TXLWH�VPDOOHU²�FRUUHODWLRQ�EHWZHHQ�KRXUV�ZRUNHG

DQG�SURGXFWLYLW\��2Q�WKH�RWKHU�KDQG��LW�SURYLGHV�HVWLPDWHV�RI�WKH�FRUUHODWLRQ�RI�2XWSXW�WR�PRVW�YDULDEOHV

ZLWKLQ�D�QDUURZ�UDQJH��FRQVXPSWLRQ��LQYHVWPHQW��ODERU�SURGXFWLYLW\���DOWKRXJK�LW�IDOOV�VKRUW�WR�UHSOLFDWH

WKDW�RI�FDSLWDO���

,Q� VXPPDU\�� WKHVH� UHVXOWV� VXJJHVW� WKDW� ���� EXVLQHVV� F\FOHV� PRGHOV� DUH� DEOH� WR� UHSOLFDWH� D

VXEVWDQWLDO�IUDFWLRQ�RI�WKH�REVHUYHG�IOXFWXDWLRQV�RI�WKH�UHDO�VLGH�RI�WKH�HFRQRP\������LQ�FRPSDUDWLYH

WHUPV�� WKH� LQWURGXFWLRQ�RI�JRYHUQPHQW� H[SHQGLWXUHV� LV� D�PRUH�SURPLVLQJ�ZD\� WR�PRGHO� HFRQRPLF

IOXFWXDWLRQV�WKDQ�ODERU�PDUNHW�ULJLGLWLHV��DQG�����VRPH�GLPHQVLRQV�RI�WKH�ZRUNLQJ�RI�WKH�ODERU�PDUNHW

DUH�QRW�FRUUHFWO\�UHSOLFDWHG�E\�WKHVH�PRGHOV�

,Q�DGGLWLRQ�WR�UHSOLFDWLQJ�UHDO�VLGH�IOXFWXDWLRQV��IRU�SROLF\�SXUSRVHV�RQH�ZRXOG�OLNH�EXVLQHVV�F\FOH

PRGHOV�WR�UHSOLFDWHG�QRPLQDO�YDULDEOHV�VXFK�DV�LQIODWLRQ�DQG�SULFHV��0RUHRYHU��RQH�VKRXOG�H[SHFW�D

IXUWKHU�JDLQ�RQ�WKH�UHDO�VLGH�LI�WKH�LQDELOLW\�RI�WKHVH�IRXU�LQLWLDO�PRGHOV�WR�UHSOLFDWH�WKH�YRODWLOLW\�RI

FRQVXPSWLRQ�LV�OLQNHG�WR�WKH�H[LVWHQFH�RI�OLTXLGLW\�FRQVWUDLQWV�

0RGHO���LQWURGXFHV�FDVK�LQ�DGYDQFH�FRQVWUDLQWV�WR�WKH�SUHYLRXV�PRGHO��7KH�PRGHO�VXFFHVVIXOO\

UHSOLFDWHV�WKH�YRODWLOLW\�RI�WKH�SULFH�OHYHO�DQG�RYHUHVWLPDWHV�VOLJKWO\�WKDW�RI�LQIODWLRQ��,W�ZRXOG�VHHP�WKDW

WKH�PRGHO�LV�DEOH�WR�UHSOLFDWH�WKH�YRODWLOLW\�RI�FRQVXPSWLRQ�DQG�LWV�FRUUHODWLRQ�ZLWK�RXWSXW�DQG�WKDW

OLTXLGLW\�FRQVWUDLQWV�DUH�LUUHOHYDQW��+RZHYHU��ZKHQ�RQH�VSOLW�FRQVXPSWLRQ�LQWR�FDVK�JRRGV��L�H���OLTXLGLW\

FRQVWUDLQW��DQG�FUHGLW�JRRGV��XQFRQVWUDLQHG���WKH�UHVXOWV�DUH�YHU\�GLIIHUHQW��7KH�YRODWLOLW\�RI�XQUHVWULFWHG

FRQVXPSWLRQ�LV�������YHU\�VLPLODU�WR�WKH�GDWD��DQG�LWV�FRUUHODWLRQ�ZLWK�2XWSXW�F\FOHV�LV�������DOVR�YHU\

FORVH� WR� WKH� GDWD�� ,Q� WKH� FDVH� RI� UHVWULFWHG� JRRGV�� WKH� YRODWLOLW\� RI� FRQVXPSWLRQ� LV� ����� ZKLOH� LWV

FRUUHODWLRQ�ZLWK�RXWSXW�F\FOHV�LV�������7KXV��WKH�PRGHO�SURYLGHV�D�UHDVRQDEOH�PDWFKLQJ�WR�GDWD�DOVR�DORQJ

WKLV�GLPHQVLRQ�
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7DEOH��
6LPXODWHG�%XVLQHVV�&\FOH�0RGHOV�IRU�WKH�&KLOHDQ�(FRQRP\

9DULDEOHV 'DWD
���������

0RGHO�� 0RGHO�� 0RGHO�� 0RGHO�� 0RGHO��

/DERU�5LJLGLWLHV ([FOXGHG ,QFOXGHG ,QFOXGHG ,QFOXGHG ,QFOXGHG

*RY��&RQVXPS� ([FOXGHG ([FOXGHG ,QFOXGHG ,QFOXGHG ,QFOXGHG

0RQH\ ([FOXGHG ([FOXGHG ([FOXGHG ,QFOXGHG ,QFOXGHG

:DJH�,QGH[DWLRQ ([FOXGHG ([FOXGHG ([FOXGHG ([FOXGHG ,QFOXGHG

9RODWLOLW\

2XWSXW ���� ���� ���� ���� ���� ����

&RQVXPSWLRQ ���� ���� ���� ���� ���� ����

,QYHVWPHQW ���� ���� ���� ���� ���� �����

&DSLWDO ���� ���� ���� ���� ���� ����

+RXUV�:RUNHG ���� ���� ���� ���� ���� ����

/DERU�3URGXFW� ���� ���� ���� ���� ���� ����

3ULFHV ���� � � � ���� ����

,QIODWLRQ ���� � � � ���� ����

&RQWHPSRUDQHRXV�FRUUHODWLRQ�WR�2XWSXW

2XWSXW ���� ���� ���� ���� ���� ����

&RQVXPSWLRQ ���� ���� ���� ���� ���� ����

,QYHVWPHQW ���� ���� ���� ���� ���� ����

&DSLWDO ���� ���� ���� ���� ���� ����

+RXUV�:RUNHG ���� ���� ���� ���� ���� ����

/DERU�3URGXFW ���� ���� ���� ���� ���� ����

3ULFHV ����� � � � ����� �����

,QIODWLRQ ����� � � � ����� ����

&RUU��+RXUV
:DJHV

����� ���� ���� ���� ���� �����
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1HYHUWKHOHVV��WKH�PRGHO�FRQWLQXHV�WR�SURGXFH�D�ODERU�PDUNHW�HTXLOLEULXP�VROXWLRQ�ZKLFK�GRHV

QRW�PDWFK�WKH�GDWD�DQG�LV�XQDEOH�WR�ILQG�D�VLJQLILFDQW�FRUUHODWLRQ�EHWZHHQ�RXWSXW�DQG�WKH�SULFH�OHYHO�DQG

LQIODWLRQ��$V�LQ�DOO�SUHYLRXV�PRGHOV�WKDW�H[FOXGH�JRYHUQPHQW�H[SHQGLWXUHV��WKH�FRUUHODWLRQ�EHWZHHQ

KRXUV�ZRUNHG�DQG�DYHUDJH�SURGXFWLYLW\�OHYHOV�LV�GLVDSSRLQWLQJO\�KLJK�

)LQDOO\�� 0RGHO� �� DWWHPSWV� WR� RYHUFRPH� WKH� LQDELOLWLHV� RI� WKH� 5%&� PRGHO� WR� DGGUHVV� WKH

FRUUHODWLRQ�EHWZHHQ�KRXUV�ZRUNHG�DQG�SURGXFWLYLW\�OHYHOV�E\�LQWURGXFLQJ�ZDJH�LQGH[DWLRQ��7KH�ORJLF�RI

XVLQJ�ZDJH�ULJLGLWLHV�LV�WKDW�WKH�5%&�PRGHO�LV�DOORFDWLQJ�WRR�PXFK�YDULDWLRQ�WR�ODERU�VXSSO\�DQG�QRW

HQRXJK�WR�FKDQJHV�LQ�ODERU�GHPDQG��L�H���LW�DOORZV�QRPLQDO�ZDJHV�WR�PDWFK�FKDQJHV�LQ�UHODWLYH�SULFHV�

,W�FDQ�EH�VHHQ�WKDW�RQFH�LQGH[DWLRQ�LV�HQDEOHG��WKH�QHJDWLYH�FRUUHODWLRQ�EHWZHHQ�KRXUV�ZRUNHG

DQG�SURGXFWLYLW\�LV�UHSURGXFHG�LQ�JHQHUDO�WHUPV��,Q�DGGLWLRQ��PRVW�IHDWXUHV�RI�WKH�QRPLQDO�VLGH�RI�WKH

GDWD�DUH�DGHTXDWHO\�UHSURGXFHG��LQFOXGLQJ�WKH�YRODWLOLWLHV�RI�LQIODWLRQ�DQG�SULFHV��+RZHYHU��WKLV�FRPHV

DW�WKH�FRVW�RI�LQGXFLQJ�H[FHVV�YRODWLOLW\�LQ�DOPRVW�DOO�UHDO�YDULDEOHV��LQFOXGLQJ�RXWSXW��LQYHVWPHQW��DQG

KRXUV�ZRUNHG��,Q�DGGLWLRQ��WKH�ZRUNLQJ�RI�WKH�ODERU�PDUNHW�LV�QRW�ZHOO�FDSWXUHG�VLQFH�VLPXODWHG�ODERU

SURGXFWLYLW\�LV�QRW�DV�YRODWLOH�DV�LQ�WKH�GDWD�DQG��IXUWKHUPRUH��H[KLELW�OLWWOH�FRQWHPSRUDQHRXV�FRUUHODWLRQ

ZLWK�RXWSXW�

2XU�DUWLILFLDO�HFRQRPLHV�VKRXOG�DOVR�EH�DEOH�WR�UHSOLFDWH�WKH�G\QDPLFV�RI�WKH�GLIIHUHQW�YDULDEOHV

LQ�WKH�F\FOH��:H�FRPSXWH�WKH�FRUUHODWLRQV�RI�WKH�PDLQ�HQGRJHQRXV�YDULDEOHV�DQG�RXWSXW�DULVLQJ�IURP�WKH

VLPXODWHG�HFRQRPLHV�XVLQJ�0RGHO����DQG�FRPSDUH�WKHP�ZLWK�WKH�VDPH�FRUUHODWLRQV�REVHUYHG�LQ�WKH�GDWD�

$V�FDQ�EH�VHHQ�LQ�)LJXUH����WKH�PRGHO�WUDFNV�TXLWH�FORVHO\�WKH�G\QDPLFV�RI�LQYHVWPHQW��WKH�FDSLWDO�VWRFN

DQG�LQIODWLRQ��EXW�SHUIRUPV�OHVV�LPSUHVVLYH�ZLWK�UHJDUGV�WR�FRQVXPSWLRQ��KRXUV�ZRUNHG�DQG�DYHUDJH

SURGXFWLYLW\�

$�VHFRQG�ZD\�WR�DVVHVV�WKH�FDSDELOLWLHV�RI�5%&�PRGHOV�LV�WR�VWXG\�WKHLU�G\QDPLF�UHVSRQVH�WR

LQQRYDWLRQV�LQ�IRUFLQJ�YDULDEOHV��:H�VHOHFWHG�0RGHO���WR�VWXG\�LPSXOVH�UHVSRQVH�IXQFWLRQV�EHFDXVH�LW

LV�RXU�EHWWHU�UHSUHVHQWDWLRQ�RI�WKH�GDWD�DQG��DOVR��EHFDXVH�LW�DOORZV�XV�WR�GLVFXVV�ILVFDO�DQG�PRQHWDU\

VKRFNV�

)LJXUH���VKRZV�WKH�UHVSRQVHV�RI�RXWSXW��FRQVXPSWLRQ��LQYHVWPHQW�DQG�KRXUV�ZRUNHG�WR�D�RQH�

VWDQGDUG�GHYLDWLRQ�VKRFN�WR�WKH�WHFKQRORJLFDO�SURFHVV��PRQH\�JURZWK�SURFHVV��JRYHUQPHQW�H[SHQGLWXUH

SURFHVV�DQG�WD[�SURFHVV��7KH�UHVSRQVHV�WR�WHPSRUDU\�VKRFNV��DOWKRXJK�TXLWH�VKRUW�OLYHG��FDXVH�DJHQWV

LQ�WKH�PRGHO�WR�PRGLI\�WKHLU�FRQVXPSWLRQ��LQYHVWPHQW�DQG�OHLVXUH�GHFLVLRQV��%\�DIIHFWLQJ�SULFHV��ILUPV

DOVR�PRGLI\�WKHLU�FDSLWDO�DQG�ODERU�KLULQJ�GHFLVLRQV�



Figure 7
Actual and Simulated Cross Correlations
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& 5HVSRQVH�WR�D�7HFKQRORJ\�6KRFN��$�WHPSRUDU\�WHFKQRORJ\�VKRFN�LQFUHDVHV�WRWDO�IDFWRU�SURGXFWLYLW\�

6LQFH� WKH� UHWXUQ� WR� ZRUN� LV� WHPSRUDULO\� KLJK�� LQGLYLGXDOV� DUH� HQFRXUDJHG� WR� VXEVWLWXWH

LQWUDWHPSRUDOO\�IURP�OHLVXUH�WR�FRQVXPSWLRQ�DV�ZHOO�DV�LQWHUWHPSRUDOO\�IURP�FXUUHQW�OHLVXUH�LQWR

IXWXUH�OHLVXUH��*LYHQ�WKH�WUDQVLWRU\�QDWXUH�RI�WKH�VKRFN��WKH�SRVLWLYH�ZHDOWK�HIIHFW�LV�OLNHO\�WR�EH

UHODWLYHO\�ZHDN��DQG�WKH�HIIHFW�RQ� OHLVXUH�VKRXOG�EH�VPDOOHU�VR� WKDW�HPSOR\PHQW� LV� OLNHO\� WR

UHVSRQG�SRVLWLYHO\�WR�WKH�WUDQVLWRU\�LQFUHDVH�LQ�SURGXFWLYLW\��:LWK�KLJKHU�HPSOR\PHQW�DQG�KLJKHU

SURGXFWLYLW\��FXUUHQW�SHULRG�RXWSXW�ULVHV��WKH�FXUUHQW�SHULRG�FDSLWDO�VWRFN�UHPDLQV�IL[HG���7KH

FRQVXPSWLRQ�VPRRWKLQJ�PRWLYH�VXJJHVWV�WKDW�D�SDUW�RI�WKLV�LQFUHDVHG�RXWSXW�ZLOO�WDNH�WKH�IRUP

RI�DGGLWLRQDO�QHZ�FDSLWDO�JRRGV�VR�WKDW�FXUUHQW�SHULRG�LQYHVWPHQW�VSHQGLQJ�ZLOO�ULVH�WRJHWKHU

ZLWK�FXUUHQW�SHULRG�FRQVXPSWLRQ�

& 5HVSRQVH�WR�D�0RQH\�*URZWK�6KRFN��$�WHPSRUDU\�PRQH\�JURZWK�VKRFN�KDV�DOPRVW�QR�HIIHFW�RQ

RXWSXW�DQG�KRXUV��EXW�KDV�D�YHU\�ODUJH�HIIHFW�RQ�FRQVXPSWLRQ�DQG�LQYHVWPHQW��,Q�IDFW��ZLWK�D

WUDQVLWRU\�LQFUHDVH�LQ�WKH�JURZWK�UDWH�RI�PRQH\��LQYHVWPHQW�LQFUHDVHV�DQG��VLQFH�RXWSXW�GRHV�QRW

FKDQJH�� FRQVXPSWLRQ� GHFUHDVHV�� 7KHQ�� DV� WKH� FDVK�LQ�DGYDQFH� UHVWULFWLRQ� LV� OHVV� UHOHYDQW�

FRQVXPSWLRQ�LQFUHDVHV�DQG�LQYHVWPHQW�GHFUHDVHV�

& 5HVSRQVH�WR�D�*RYHUQPHQW�([SHQGLWXUH�6KRFN��$�WHPSRUDU\�JRYHUQPHQW�H[SHQGLWXUH�VKRFN�²ZKHQ

WKH�EXGJHW� LV�EDODQFHG� HYHU\�SHULRG²� UHGXFHV� FRQVXPSWLRQ�� VLQFH� JRYHUQPHQW� H[SHQGLWXUH

SDUWLDOO\�VXEVWLWXWHV�LW�LQ�XWLOLW\��7KH�LPSDFW�RQ�RXWSXW�DQG�KRXUV�ZRUNHG�LV�LQLWLDOO\�QHJDWLYH�

DOWKRXJK�YHU\�ORZ��7KHQ��LQYHVWPHQW�LQFUHDVHV�DQG�EHKDYHV�LQ�RSSRVLWH�ZD\V�ZLWK�FRQVXPSWLRQ

WKURXJK�WKH�UHFRYHU\�SDWK�WRZDUGV�WKH�VWHDG\�VWDWH�

& 5HVSRQVH�WR�D�&RQVXPSWLRQ�7D[�6KRFN��7KH�UHDO�UHVSRQVH�RI�WKH�PRGHO�WR�D�WUDQVLWRU\�FRQVXPSWLRQ

WD[�VKRFN�LV�YHU\�VLPLODU�WR�WKH�UHVSRQVH�WR�D�WUDQVLWRU\�JRYHUQPHQW�H[SHQGLWXUH�VKRFN��VLQFH

ZLWK�EDODQFHG�EXGJHW�HYHU\�SHULRG��LQFUHDVHV�LQ�JRYHUQPHQW�H[SHQGLWXUHV�DUH�DFFRPSDQLHG�E\

UHGXFWLRQV� LQ� WKH� OXPS� VXP� WUDQVIHU� WR� FRQVXPHUV�� 7KH� PDLQ� GLIIHUHQFH� UHVLGHV� RQ� WKH

GLVWRUWLRQDU\�HIIHFW�RI�WKH�FRQVXPSWLRQ�WD[��LQ�RSSRVLWLRQ�WR�WKH�OXPS�VXP�WUDQVIHU��$V�D�UHVXOW�

DOO�YDULDEOHV�UHVSRQG�PXFK�PRUH�WKDQ�EHIRUH��
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���� +RZ�UREXVW�DUH�5%&�PRGHOV"

7KH�DERYH�SDUDPHWHUL]DWLRQ�LPSRVHV�D�QXPEHU�RI�UHVWULFWLRQV�RQ�WKH�VWUXFWXUH�RI�WKH�HFRQRP\

WKDW�UHQGHU�WKH�FDOLEUDWHG�EXVLQHVV�F\FOH�PRGHO�D�SDUWLFXODU�YLVLRQ�RI�WKH�&KLOHDQ�HFRQRP\��$�VLPSOH

WHVWLQJ�RI�WKHVH�UHVWULFWLRQV�ZRXOG�EH�WR�FKDQJH�WKH�VWUXFWXUH�RI�SDUDPHWHUV�DQG�WKH�G\QDPLF�QDWXUH�RI

IRUFLQJ�YDULDEOHV�DQG�FKHFN�ZKHWKHU�WKH�UHVXOWV�GR�GHSHQG�RQ�WKHVH�NH\�SDUDPHWHUV�

7KH�VHQVLWLYLW\�DQDO\VLV�LV�SHUIRUPHG�RQ�WKH�PRVW�DPELWLRXV�VSHFLILFDWLRQ��0RGHO����DQG�IRFXVHV

EDVLFDOO\�RQ�WKH�WZR�FUXFLDO�SROLF\�SDUDPHWHUV���WKH�SURSRUWLRQ�RI�JRYHUQPHQW�H[SHQGLWXUHV�YDOXHG�E\

FRQVXPHUV��°��DQG�WKH�SURSRUWLRQ�RI�FDVK�JRRGV��¡²�DQG�WKH�LPSXWHG�VKDUH�RI�FDSLWDO�LQ�RXWSXW��̈ ��7KH

UHVXOWV��SUHVHQWHG�LQ�7DEOH����VXJJHVW�WKH�IROORZLQJ�FRQFOXVLRQV�

& &KDQJLQJ�WKH�VKDUH�RI�FDSLWDO�DQG�ODERU�LQ�2XWSXW�GRHV�QRW�LQGXFH�VLJQLILFDQW�FKDQJHV�LQ�WKH

FRPSXWHG�YRODWLOLWLHV�DQG�FRUUHODWLRQV�ZLWK�RXWSXW��6LQFH�WKH�FDSLWDO�VWRFN�LV�D�YHU\�SDUVLPRQLRXV

VHULHV��WKH�PRGHO�H[KLELWV�OHVV�YRODWLOLW\�LQ�JHQHUDO��H[FHSW�IRU�FRQVXPSWLRQ��

& :KHQ�SDUDPHWHU�WKH�YDOXDWLRQ�RI�SXEOLF�JRRGV�LQ�WKH�XWLOLW\�IXQFWLRQ�LV�GHFUHDVHG�IURP������WR

���WKH�PDWFKLQJ�RI�YDULDQFHV�DQG�FRUUHODWLRQV�LV�QRW�DIIHFWHG�LQ�D�VLJQLILFDQW�PDQQHU�IRU�RXWSXW�

LQYHVWPHQW��HPSOR\PHQW��DQG�WKH�QRPLQDO�YDULDEOHV��&RQVXPSWLRQ��RQ�WKH�RWKHU�KDQG��UHDFWV

LQ�WKH�H[SHFWHG�ZD\��EHFRPLQJ�OHVV�YRODWLOH�DV�ZH�HOLPLQDWH�RQH�VRXUFH�RI�LQVWDELOLW\�IRU�WKH

FRQVXPHU�

& :KHQ�OLTXLGLW\�FRQVWUDLQWV�DUH�PDGH�PRUH�VWULQJHQW��L�H���ZKHQ�SDUDPHWHU�¡�LQFUHDVHV�IURP�����

WR�������WKH�JHQHUDO�PDWFKLQJ�RI�YDULDQFHV�DQG�FRUUHODWLRQV�IRU�UHDO�YDULDEOHV�EHFRPHV�RQO\

PDUJLQDOO\�DIIHFWHG��7KRVH�IRU�QRPLQDO�YDULDEOHV�LPSURYLQJ�VOLJKWO\��VXJJHVWLQJ�WKDW�SHUKDSV�WKH

YDOXH�ZH�XVHG�XQGHUHVWLPDWHV�WKH�WUXH�YDOXH�

,Q� VXPPDU\�� FKDQJLQJ� WKH�PDLQ� SDUDPHWHUV� RI� WKLV� UHDO� EXVLQHVV� F\FOH� RI�PRGHO� GRHV� QRW

SURGXFH�VLJQLILFDQW�FKDQJHV�LQ�WKH�TXDOLWDWLYH�FRQFOXVLRQV�UHDFKHG�DERYH��DOWKRXJK�LQ�VRPH�FDVHV�LW

PRGLILHV�WKH�QXPHULFDO�RXWFRPHV�RI�WKH�PRGHO�DQG�WKHLU�GLVWDQFH�IURP�WKH�DFWXDO�GDWD��$OWKRXJK�WKLV

LV�QRW�D�IRUPDO�WHVW��WKH�UHVXOWV�VXJJHVW�WKDW�WKH�SDUDPHWHUL]DWLRQ�GRHV�LQ�IDFW�UHIOHFW�WKH�XQGHUO\LQJ

VWUXFWXUH�RI�WKH�&KLOHDQ�HFRQRP\�DQG�WKDW�WKH�VHOHFWLRQ�RI�FUXFLDO�SDUDPHWHUV�LV�QRW�WRR�DUELWUDU\�



Figure 8. Impulse Response Functions
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%XVLQHVV�F\FOH�PRGHOV�FDQ�EH�YLHZHG�DV�UHVWULFWHG�YHUVLRQV�RI�PRUH�JHQHUDO�9$5�PRGHOV��7KHVH

UHVWULFWLRQV��LPSRVHG�E\�WKH�VWUXFWXUH�RI�WKH�PRGHO�DQG�WKH�OLQHDUL]DWLRQ�SURFHVV��FDQ�EH�WHVWHG�XVLQJ

UHODWLYHO\�VLPSOH�VWDWLVWLFDO�SURFHGXUHV��VHH�&DQRYD�HW�DO���������7KH�GHEDWH�DPRQJ�HFRQRPHWULFLDQV

DERXW� WKH� HPSLULFDO� HYDOXDWLRQ� RI� WKHVH�PRGHOV� UHPDLQV�� QHYHUWKHOHVV�� FRQWURYHUVLDO� �.\GODQG� DQG

3UHVFRWW��������+DQVHQ�DQG�+HFNPDQ��������
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9DULDEOHV $FWXDO�'DWD 0RGHO�� ,QFUHDVH�¨�IURP
�����WR�����

,QFUHDVH�¡�IURP
�����WR�����

5HGXFWLRQ�°
IURP������WR��

��������� � � � �

9RODWLOLW\

2XWSXW ���� ���� ���� ���� ����

&RQVXPSWLRQ ���� ���� ���� ���� ����

,QYHVWPHQW ���� ���� ���� ���� ����

&DSLWDO ���� ���� ���� ���� ����

+RXUV�ZRUNHG ���� ���� ���� ���� ����

/DERU�3URGXFWLYLW\ ���� ���� ���� ���� ����

3ULFHV ���� ���� ���� ���� ����

,QIODWLRQ ���� ���� ���� ���� ����

&RQWHPSRUDQHRXV�FRUUHODWLRQ�WR�2XWSXW

2XWSXW ���� ���� ���� ���� ����

&RQVXPSWLRQ ���� ���� ���� ���� ����

,QYHVWPHQW ���� ���� ���� ���� ����

&DSLWDO ���� ���� ���� ���� ����

+RXUV�:RUNHG ���� ���� ���� ���� ����

/DERU�3URGXFWLYLW\ ���� ���� ���� ���� ����

3ULFHV ����� ����� ����� ����� �����

,QIODWLRQ ����� ����� ����� ����� �����

&RUU��+RXUV���:DJHV ����� ���� ���� ���� ����
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)ROORZLQJ�&DQRYD�HW�DO����������FRQVLGHU�WKH�IROORZLQJ�UHSUHVHQWDWLRQ�RI�0RGHO����LQFOXGLQJ

JRYHUQPHQW�H[SHQGLWXUHV��WD[HV��ODERU�ULJLGLWLHV��DQG�FDVK�LQ�DGYDQFH�UHVWULFWLRQV��XVHG�EHIRUH�

ZKHUH�\�LV�WKH�YHFWRU�RI�YDULDEOHV�RI�LQWHUHVW��]�DUH�WKH�FRQWUROOHG�DQG�XQFRQWUROOHG�VWDWHV��WKH�ODWWHU

ODEHOHG�[����¥�DUH�WKH�LQQRYDWLRQV��DQG�$��)��DQG�*�DUH�PDWULFHV�RI�FRHIILFLHQWV��7KHVH�PDWULFHV�DUH�LQ

JHQHUDO�FRPELQDWLRQV�RI�WKH�´GHHS�SDUDPHWHUVµ�SUHVHQWHG�LQ�7DEOH����FRQVHTXHQWO\�0RGHO���LPSRVHV

SDUWLFXODU�VWUXFWXUHV�WR�PDWULFHV�$�DQG�)�ZKLFK�FDQ�EH�WHVWHG�GLUHFWO\�DJDLQVW�WKH�VDPSOH�GDWD�

7KH�ILUVW�W\SH�RI�WHVW�DULVHV�IURP�WKH�ORQJ�UXQ�UHVWULFWLRQV�FRQWDLQHG�LQ�PDWUL[�$��:KHQ�WKH

IRUFLQJ� YDULDEOHV� �RU� XQFRQWUROOHG� VWDWHV��[� �� DUH� LQWHJUDWHG�YDULDEOHV��PDWUL[�)� WDNHV� WKH� IROORZLQJ

SDUWLFXODU�IRUP�

ZKHUH�S�RI�WKH�HLJHQYDOXHV�RI�)�DUH�XQLW\�ZKLOH�WKH�UHVW�DUH�WKH�HLJHQYDOXHV�RI�£��6LQFH�WKH�ODWWHU�DUH

DVVXPHG�WR�EH�OHVV�WKDQ�RQH�LQ�EXVLQHVV�F\FOH�PRGHOV��WKHUH�PXVW�EH��Q�S��FRLQWHJUDWLQJ�YHFWRUV�DPRQJ

WKH�VWDWHV��7KLV�LV�WKH�ILUVW�WHVWDEOH�K\SRWKHVLV�WKDW�FDQ�EH�FRQIURQWHG�WR�WKH�GDWD��,Q�RXU�SDUWLFXODU�FDVH�

WKH�]�YHFWRU�LQFOXGHV�«��J�����´��DQG�N��

7KH�VHFRQG�WHVWDEOH�LPSOLFDWLRQ�RI�WKH�5%&�PRGHO�DV�UHSUHVHQWHG�E\�HTXDWLRQ����LV�WKDW�WKH

UHVLGXDO�RI� �RXJKW�WR�EH�VWDWLRQDU\�DQG�WKH�FRLQWHJUDWLQJ�YHFWRU�PXVW�EH�$��+HQFH��D�VLPSOH�WHVWyt	Azt

RI�VWDWLRQDULW\�FDQ�EH�FRQGXFWHG�WR�WHVW�WKLV�UHVWULFWLRQ�

7DEOH���SUHVHQWV�XQLW�URRW�WHVWV�IRU�WKH�GHVHDVRQDOL]HG�GDWD��,W�FDQ�EH�VHHQ�WKDW�XQLW�URRW�WHVWV

GR�QRW�UHMHFW�WKH�QXOO�RI�QRQ�VWDWLRQDULW\�LQ�WKH�VWDWH�YDULDEOHV�N�DQG�Q�QRU�LQ�WKH�PDLQ�YDULDEOHV�RI

LQWHUHVW��RXWSXW��FRQVXPSWLRQ�DQG�LQYHVWPHQW���EXW�WKH�QXOO�LV�UHMHFWHG�LQ�DOO�IRUFLQJ�YDULDEOHV�H[FHSW�WD[

UDWHV��)RU�WHFKQRORJ\�VKRFNV�WKH�HYLGHQFH�LV�OHVV�UREXVW��,W�LV�ZLGHO\�DFFHSWHG�WKDW�XQLW�URRW�WHVWV�FDQ�EH

YHU\�PLVOHDGLQJ�GXH�WR�ORZ�SRZHU��VWUXFWXUDO�EUHDNV��HWF���+DPLOWRQ��������

7UHDWLQJ�IRUFLQJ�YDULDEOHV�DV�LQWHJUDWHG�SURFHVVHV�LPSOLHV�WKDW��DFFRUGLQJ�WR�WKH�EXVLQHVV�F\FOH

PRGHO��WKHUH�VKRXOG�EH�WKUHH�FRLQWHJUDWLQJ�YHFWRUV��Q ���S ����7DEOH���SUHVHQWV�WKH�UHVXOW�RI�HVWLPDWLQJ

FRLQWHJUDWLQJ�YHFWRUV�ZLWKLQ�WKH�VDPSOH�GDWD�XVLQJ�-RKDQVHQ·V�SURFHGXUH��7KH�5%&�UHVWULFWLRQV�DUH



29

ZHDNO\� VXSSRUWHG� E\� WKH� GDWD� LQ� WKH� VHQVH� WKDW� RQH� FDQQRW� UHMHFW� WKH� QXOO� K\SRWKHVLV� RI� WKUHH

FRLQWHJUDWLQJ�YHFWRUV�

7DEOH��
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0RQH\�JURZWK� ����� ����� �����

7HFKQRORJ\�VKRFNV ����� ����� �����

*RYHUQPHQW�H[SHQGLWXUHV ����� ����� �����

7D[HV ����� ����� �����

&DSLWDO�6WRFN ����� ����� �����

2XWSXW ����� ���� �����

&RQVXPSWLRQ ����� ����� �����

,QYHVWPHQW ����� ����� �����

5HMHFWLRQ�9DOXHV ��
���

�����
�����

�����
�����

�����
�����

�GHQRWHV�UHMHFWLRQ�RI�WKH�QXOO�K\SRWKHVLV�DW����VLJQLILFDQFH�OHYHO��$OO�GDWD�VHDVRQDOO\�DGMXVWHG����ODJ�WUXQFDWLRQ�

7DEOH��
&RLQWHJUDWLRQ�7HVWV��-RKDQVHQ·V�PHWKRGRORJ\

6DPSOH��������������������ODJV
6HULHV��&DSLWDO��+RXUV�ZRUNHG��7HFKQRORJ\�VKRFNV��0RQH\�JURZWK��*RYHUQPHQW�([SHQGLWXUHV

(LJHQYDOXH 7UDFH�6WDWLVWLF ��3HUFHQW
&ULWLFDO�9DOXH

��3HUFHQW
&ULWLFDO�9DOXH

1XPEHU�RI
FRLQWHJUDWLQJ
HTXDWLRQV

�������� ��������� ������ ������ 1RQH�

��������� ��������� ������ ������ $W�PRVW���

��������� ��������� ������ ������ $W�PRVW���

��������� ��������� ������ ����� $W�PRVW��

��������� ��������� ������ ������ $W�PRVW��

���GHQRWHV�UHMHFWLRQ�RI�WKH�K\SRWKHVLV�DW��������VLJQLILFDQFH�OHYHO
7UDFH�WHVW�LQGLFDWHV���FRLQWHJUDWLQJ�HTXDWLRQ�V��DW�WKH����OHYHO�
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$OWKRXJK�WKH�GDWD�VXJJHVW�WKH�H[LVWHQFH�RI���FRLQWHJUDWLQJ�YHFWRUV��RXU�5%&�PRGHO�GRHV�QRW

QHFHVVDULO\� SURGXFH� H[DFWO\� WKH� VDPH� WKUHH� YHFWRUV� FRQWDLQHG� LQ� WKH� GDWD��7KH� VHFRQG� VHW� RI� WHVWV

FRQVLGHUV�WKH�LPSOLHG�UHGXFHG�IRUP�RI�RXWSXW��FRQVXPSWLRQ��DQG�LQYHVWPHQW��DV�GHVFULEHG�LQ�HTXDWLRQ

����LQ�WHUPV�RI�FRPELQDWLRQ�RI�WKH�GHHS�SDUDPHWHUV�RI�WKH�PRGHO��6LQFH��DOO�HQGRJHQRXV�YDULDEOHV�DUH

,�����XQGHU�FRLQWHJUDWLRQ�§�VKRXOG�EH�,����

&RLQWHJUDWLRQ� WHVWV� DUH� UHSRUWHG� LQ� 7DEOH� ��ZKHUH� LW� FDQ� EH� VHHQ� WKDW� WKH� WKUHH� HTXDWLRQV

FRLQWHJUDWH��WKXV�SURYLGLQJ�HFRQRPHWULF�VXSSRUW�WR�WKH�5%&�PRGHO��LWV�LPSOLHG�GHFLVLRQ�UXOHV��DQG�WKH

G\QDPLFV�RI�HQGRJHQRXV�YDULDEOHV�

7DEOH��

&RLQWHJUDWLRQ�7HVWV�RI�WKH�5HGXFHG�)RUP�RI�WKH�5%&�PRGHO

�������������

$')�WHVW�RQ�§V

2XWSXW �����

&RQVXPSWLRQ �����

,QYHVWPHQW �����

��� 6XPPDU\�DQG�&RQFOXVLRQV

7KH�JRDO�RI�WKLV�SDSHU�ZDV�WR�WHVW�WKH�FDSDFLW\�RI�YDULRXV�5%&�W\SH�RI�PRGHOV�WR�����UHSOLFDWH

WKH�VDOLHQW�FKDUDFWHULVWLFV�RI�WKH�REVHUYHG�DJJUHJDWH�IOXFWXDWLRQV�RI�WKH�&KLOHDQ�HFRQRP\�LQ�WKH������

�����SHULRG��DQG�����SURYLGH�LQVLJKWV�ZLWK�UHJDUGV�WR�WKH�FRQWULEXWLRQ�RI�ILVFDO�DQG�PRQHWDU\�SROLFLHV

DV�VRXUFHV�RI�EXVLQHVV�F\FOHV��7KH�&KLOHDQ�HFRQRP\�SURYLGHV�DQ�LQWHUHVWLQJ�FDVH�WR�VWXG\�EHFDXVH��ZKLOH

LW�SUHVHQWV�VLPLODULWLHV�ZLWK�GHYHORSHG�HFRQRPLHV��LW�DOVR�GLVSOD\V�LPSRUWDQW�LGLRV\QFUDWLF�IHDWXUHV�WKDW

FKDOOHQJH�5%&�WKHRU\���
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7KH�PDLQ�ILQGLQJV�RI�RXU�SDSHU�FDQ�EH�VXPPDUL]HG�DV�IROORZV��)LUVW��EXVLQHVV�F\FOHV�PRGHOV�DUH

DEOH�WR�UHSOLFDWH�PXFK�RI�WKH�REVHUYHG�IOXFWXDWLRQV�RI�ERWK��WKH�UHDO�DQG�PRQHWDU\�VLGHV�RI�WKH�HFRQRP\�

6HFRQG��RI�WKH�ILYH�PRGHOV�FRQVLGHUHG�LQ�WKLV�SDSHU��DQ�HFRQRP\�ZLWK�JRYHUQPHQW�H[SHQGLWXUHV�DQG

ODERU�LQGLYLVLELOLW\�HPHUJHV�DV�WKH�EHVW�UHSUHVHQWDWLRQ�WR�DFFRXQW�IRU�VKRUW�WHUP�IOXFWXDWLRQV�LQ�&KLOH�

$OWKRXJK�PRQHWDU\� VKRFNV�DQG�QRPLQDO� FRQWUDFWV� LPSURYH� WKH�SUHGLFWLRQV�RI� WKDW�PRGHO� LQ� VRPH

GLPHQVLRQV��WKH\�HLWKHU�JHQHUDWH�H[FHVVLYH�YRODWLOLW\�RU�IDLO�HYHQ�IXUWKHU�WR�DFFRXQW�IRU�WKH�REVHUYHG

ODERU�PDUNHW�EHKDYLRU��)LQDOO\��UHSOLFDWLQJ�WKH�IOXFWXDWLRQV�LQ�FRQVXPSWLRQ�REVHUYHG�LQ�WKH�GDWD�PD\

UHTXLUH�SODFLQJ�DGGLWLRQDO�FRQVWUDLQWV�WR�WKH�RSWLPL]LQJ�EHKDYLRU�RI�DJHQWV�LQ�RXU�PRGHOV�

7KLV�SDSHU�KDV�SURYLGHG�VWURQJ�HYLGHQFH�RI�WKH�UHOHYDQFH�RI�VXSSO\�VLGH�VKRFNV�DV�VRXUFHV�RI

DJJUHJDWH�IOXFWXDWLRQV�LQ�&KLOH��,Q�WKH�IXWXUH��WKH�PDLQ�FKDOOHQJH�FRQVLVWV�LQ�EHWWHU�XQGHUVWDQGLQJ�WKH

FRQQHFWLRQ�EHWZHHQ�LQWHUQDWLRQDO�EXVLQHVV�F\FOHV�DQG�ORFDO�PDUNHWV�G\QDPLFV��DQG�WKH�EHKDYLRU�RI�ODERU

PDUNHWV�
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%XVLQHVV�&\FOHV"µ��ZRUNLQJ�SDSHU��%DQN�RI�&DQDGD�

+DPLOWRQ��-����������7LPH�6HULHV�$QDO\VLV��3ULQFHWRQ��3ULQFHWRQ�8QLYHUVLW\�3UHVV�

+DQVHQ�*����������,QGLYLVLEOH�/DERU�DQG�WKH�%XVLQHVV�&\FOH���-RXUQDO�RI�0RQHWDU\�(FRQRPLFV�������������

+DQVHQ�*��DQG�(��3UHVFRWW����������5HFXUVLYH�PHWKRGV�IRU�JHQHUDO�HTXLOLEULXP�VROXWLRQV���,Q�)URQWLHUV
RI�%XVLQHVV�&\FOH�5HVHDUFK��7��&RROH\��HG���3ULQFHWRQ�8QLYHUVLW\�3UHVV�

+DQVHQ��/�3��DQG�-�+HFNPDQ���������´7KH�(PSLULFDO�)RXQGDWLRQV�RI�&DOLEUDWLRQ���-RXUQDO�RI�(FRQRPLF
3HUVSHFWLYHV���������������
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+DUYH\��$��&��DQG�$��-DHJHU����������´'HWUHQGLQJ��6W\OL]HG�)DFWV��DQG�WKH�%XVLQHVV�&\FOH�µ�-RXUQDO�RI
$SSOLHG�(FRQRPHWULFV�������������

+RGULFN���5��\�(��3UHVFRWW���������3RVWZDU�8�6��%XVLQHVV�&\FOHV��$Q�(PSLULFDO�,QYHVWLJDWLRQ���-RXUQDO
RI�0RQH\��&UHGLW�DQG�%DQNLQJ�����������

+RIPDQ��$�� �������� ´6WDQGDUGLVHG� FDSLWDO� VWRFN� HVWLPDWHV� LQ� /DWLQ�$PHULFD�� D� ���������� XSGDWHµ
&DPEULGJH�-RXUQDO�RI�(FRQRPLFV��������������

.\GODQG�)��DQG�(��3UHVFRWW�����������7LPH�WR�%XLOG�DQG�$JJUHJDWH�)OXFWXDWLRQV���(FRQRPHWULFD����������
���

.\GODQG�)��DQG�(��3UHVFRWW����������7KH�&RPSXWDWLRQDO�([SHULPHQW��$Q�(FRQRPHWULF�7RROµ��-RXUQDO
RI�(FRQRPLF�3HUVSHFWLYHV�������������

/XFDV�� 5�� ������� ´8QGHUVWDQGLQJ� %XVLQHVV� &\FOHVµ�� ,Q�6WDELOL]DWLRQ� RI� WKH� 'RPHVWLF� DQG� ,QWHUQDWLRQDO
(FRQRPLHV��.��%UXQQHU�\�$��0HOW]HU��HGV���&DUQHJLH�5RFKHVWHU�&RQIHUHQFH�6HULHV�RQ�3XEOLF�3ROLF\���������

0F*UDWWDQ�(�� �����D�� �7KH�0DFURHFRQRPLF�(IIHFW�RI�'LVWRUWLRQDU\�7D[DWLRQ���-RXUQDO� RI�0RQHWDU\
(FRQRPLFV����������������

0F*UDWWDQ��(�� �����E���$�3URJUHVV�5HSRUW�RQ�%XVLQHVV�&\FOHV���)HGHUDO�5HVHUYH�%DQN�RI�0LQQHDSROLV
4XDUWHUO\�5HYLHZ���������)DOO�

0HQGR]D��(�� �������� �5HDO�%XVLQHVV�&\FOHV� LQ� D�6PDOO�2SHQ�(FRQRP\���$PHULFDQ�(FRQRPLF�5HYLHZ�
�����������

0HQGR]D��(����������7KH�7HUPV�RI�7UDGH��7KH�5HDO�([FKDQJH�5DWH��DQG�(FRQRPLF�)OXFWXDWLRQV��
,QWHUQDWLRQDO�(FRQRPLF�5HYLHZ�������������

0RUDQGp�� )�� �������� ´$� 'HFDGH� RI� ,QIODWLRQ� 7DUJHWLQJ� LQ� &KLOH�� 'HYHORSPHQWV�� /HVVRQV�� DQG

&KDOOHQJHVµ��LQ�,QIODWLRQ�7DUJHWLQJ��'HVLJQ��3HUIRUPDQFH��&KDOOHQJHV��1��/RD\]D�DQG�5��6RWR��HGV��

6DQWLDJR��&HQWUDO�%DQN�RI�&KLOH�

3UHVFRWW��(�����������7KHRU\�$KHDG�RI�%XVLQHVV�&\FOH�0HDVXUHPHQW���)HGHUDO�5HVHUYH�%DQN�RI�0LQQHDSROLV

4XDUWHUO\�5HYLHZ�������������

3UHVFRWW��(�����������%XVLQHVV�&\FOH�5HVHDUFK��0HWKRGV�DQG�3UREOHPV���:RUNLQJ�3DSHU������)HGHUDO

5HVHUYH�%DQN�RI�0LQQHDSROLV��2FWREHU��

4XLUR]��-�����������/DV�5HJXODULGDGHV�(PStULFDV�GHO�7LSR�GH�&DPELR�5HDO�HQ�&KLOH��8Q�(QIRTXH�GH

&LFORV�GH�1HJRFLRV�5HDOHV���5HYLVWD�GH�$QiOLVLV�(FRQyPLFR���������

4XLUR]��-��)��%HUQDVFRQL��5��&KXPDFHUR��DQG�&��5HYRUHGR���������´0RGHORV�\�5HDOLGDG��(QVHxDQGR

(FRQRPtD�HQ�ORV�1RYHQWDµ��5HYLVWD�GH�$QiOLVLV�(FRQyPLFR�����������

5LRV�5XOO��9����������µ%XVLQHVV�&\FOH�%HKDYLRU�RI�/LIH�&\FOH�(FRQRPLHV�ZLWK�,QFRPSOHWH�0DUNHWVµ�

3XEOLVKHG�XQGHU�WKH�WLWOH�́ &RPSRUWDPLHQWR�GH�ORV�&LFORV�(FRQ�RPLFRV�HQ�(FRQRP�LDV�GH�&LFOR

9LWDO�FRQ�0HUFDGRV�,QFRPSOHWRVµ��&XDGHUQRV�(FRQyPLFRV�GH�,&(������������
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5RJHUVRQ��5�����������,QGLYLVLEOH�/DERU��/RWWHULHV�DQG�(TXLOLEULXP���-RXUQDO�RI�0RQHWDU\�(FRQRPLFV�������

���

5RJHUVRQ�� 5�DQG� 5�:ULJKW� �������� �,QYROXQWDU\� XQHPSOR\PHQW� LQ� HFRQRPLHV� ZLWK� HIILFLHQW� ULVN

VKDULQJ���-RXUQDO�RI�0RQHWDU\�(FRQRPLFV������������

:DWVRQ��0DUN�:����������́ 8QLYDULDWH�'HWUHQGLQJ�0HWKRGV�ZLWK�6WRFKDVWLF�7UHQGV�µ�-RXUQDO�RI�0RQHWDU\

(FRQRPLFV�������������

:HEHU��0DUN��������´$QLPDO�VSLULWV��WHFKQRORJ\�VKRFNV�DQG�WKH�EXVLQHVV�F\FOHµ��-RXUQDO�RI�(FRQRPLF

'\QDPLFV�	�&RQWURO�������������
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$SSHQGL[

'DWD�6RXUFHV�DQG�'HILQLWLRQV

7KH�GDWD�DUH�H[SUHVVHG�LQ�UHDO�GRPHVWLF�FXUUHQF\����RI�������DQG�ZHUH�GHVHDVRQDOL]HG�XVLQJ�WKH�;���

SURFHGXUH��7KH� IROORZLQJ� VHULHV�ZHUH�REWDLQHG� IURP�,QGLFDGRUHV�(FRQyPLFRV�\�6RFLDOHV�GH�&KLOH�

���������� DQG� LWV� FRPSDQLRQ� &'� DQG� FRUUHVSRQG� WR� QDWLRQDO� DFFRXQWV� GHILQLWLRQV�� *'3�� WRWDO

FRQVXPSWLRQ��JURVV�LQYHVWPHQW��DQG�KRXVLQJ�VHUYLFHV��:H�DOVR�REWDLQHG�PRQH\��0�$���LQWHUHVW�UDWHV�

&3,��SRSXODWLRQ�� DQG� ODERU� IRUFH� IURP� WKH� VDPH� VRXUFH��*'3� VHULHV�ZHUH� DGMXVWHG� WR� LQFOXGH� WKH

VHUYLFHV�SURYLGHG�E\�WKH�VWRFN�RI�GXUDEOH�JRRGV�DQG�H[FOXGH�WKH�LPSXWHG�VHUYLFHV�RI�KRXVLQJ��7KH

EUHDNGRZQ�RI�FRQVXPSWLRQ�LQWR�GXUDEOH�DQG�QRQ�GXUDEOH�JRRGV��DV�ZHOO�DV�WKH�VWRFN�RI�GXUDEOH�JRRGV

DQG�LWV�LPSXWHG�VHUYLFHV��ZHUH�REWDLQHG�IURP�*DOOHJR�DQG�6RWR���������*URVV�LQYHVWPHQW�ILJXUHV�ZHUH

DGMXVWHG�WR�H[FOXGH�KRXVLQJ��UHVLGHQWLDO�FRQVWUXFWLRQ��DQG�LQFOXGH�SXUFKDVHV�RI�GXUDEOH�JRRGV��7KH

FDSLWDO�VWRFN�VHULHV�ZDV�REWDLQHG�UHFXUVLYHO\�XVLQJ�WKH�HQG�RI�SHULRG�FDSLWDO�VWRFN�LQ�PDFKLQHU\�DQG

QRQ�UHVLGHQWLDO�EXLOGLQJV�HVWLPDWHG�IRU������E\�+RIPDQ���������WKH�JURVV�LQYHVWPHQW�VHULHV�LQFOXGLQJ

GXUDEOH� JRRGV�� DQG� D� TXDUWHUO\� GHSUHFLDWLRQ� UDWH� RI� ����4XDUWHUO\� WD[� UHYHQXHV� E\� FDWHJRU\�ZHUH

REWDLQHG� XVLQJ� DQQXDO� UHYHQXH� GDWD� IURP� WKH� WD[� DXWKRULW\
V� ZHESDJH� �6�,�,��� DQG� WKH� VWDQGDUG

UHODWHG�VHULHV�PHWKRG��/DERU�IRUFH�DQG�DYHUDJH�KRXUV�ZRUNHG�ZHUH�REWDLQHG�IURP�WKH�VXUYH\�(QFXHVWD

GH�2FXSDFLyQ�\�'HVRFXSDFLyQ�UHOHDVHG�TXDUWHUO\�E\�WKH�'HSDUWDPHQWR�GH�(FRQRPtD��8QLYHUVLGDG�GH

&KLOH��7RWDO�DYDLODEOH�WLPH�ZDV�IL[HG�DW�����KRXUV�D�ZHHN�
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