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With the right method,

aggregate indicators can

provide useful estimates of

basic governance concepts

as well as measures of the

imprecision of these

aggregate estimates and

their components.
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Summary findings
In recent years the growing interest of academics and
policymakers in governance has been reflected in the
proliferation of cross-country indices measuring
various aspects of governance.

Kaufmann, Kraay, and Zoido-Lobatón explain how a
simple variant of an unobserved components model
can be used to combine the information from these
different sources into aggregate governance indicators.
The main advantage of this method is that it allows
quantification of the precision of both individual
sources of governance data and country-specific
aggregate governance indicators.

Kaufmann, Kraay, and Zoido-Lobatón illustrate the
methodology by constructing aggregate indicators of
bureaucratic quality, rule of law, and graft for a sample
of 160 countries. Although these aggregate governance
indicators are more informative about the level of
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governance than any single indicator, the standard
errors associated with estimates of governance are still
large relative to the units in which governance is
measured. In light of these margins of error, it is
misleading to offer very precise rankings of countries
according to their level of governance: small differences
in country rankings are unlikely to be statistically—let
alone practically—significant. Nevertheless, these
aggregate governance indicators are useful because they
allow countries to be sorted into broad groupings
according to levels of governance, and they can be used
to study the causes and consequences of governance in
a much larger sample countries than previously used
(see for example the companion paper by Kaufmann,
Kraay, and Zoido-Lobatón, “Governance Matters,”
Policy Research Working Paper 2196).
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,Q�UHFHQW�\HDUV��WKH�JURZLQJ�LQWHUHVW�RI�DFDGHPLFV�DQG�SROLF\PDNHUV�LQ�WKH
H[WHQW��FDXVHV�DQG�FRQVHTXHQFHV�RI�JRYHUQDQFH�DQG�PLVJRYHUQDQFH�KDV�EHHQ�UHIOHFWHG
LQ�WKH�SUROLIHUDWLRQ�RI�FURVV�FRXQWU\�LQGLFDWRUV�RI�YDULRXV�DVSHFWV�RI�JRYHUQDQFH��,Q�DQ
DFFRPSDQ\LQJ�SDSHU��.DXIPDQQ��.UDD\��=RLGR�/REDWyQ���������ZH�SUHVHQW�D�ODUJH
GDWDEDVH�FRPSLOLQJ�VHYHUDO�KXQGUHG�FURVV�FRXQWU\�LQGLFDWRUV�RI�YDULRXV�DVSHFWV�RI
JRYHUQDQFH��SURGXFHG�E\�WKLUWHHQ�GLIIHUHQW�RUJDQL]DWLRQV��DQG�FRYHULQJ�����FRXQWULHV�
7KHVH�LQGLFDWRUV�UHSRUW�VXEMHFWLYH�SHUFHSWLRQV�RQ�D�ZLGH�UDQJH�RI�LVVXHV�UHODWLQJ�WR
JRYHUQDQFH��UDQJLQJ�IURP�WKH�H[WHQW�WR�ZKLFK�FRUUXSWLRQ�LQ�WKH�SROLWLFDO�V\VWHP�DIIHFWV
IRUHLJQ�LQYHVWPHQW��WR�WKH�HIILFLHQF\�RI�SXEOLF�VHUYLFHV�GHOLYHU\��WR�WKH�OLNHOLKRRG�WKDW
FLWL]HQV�RI�D�FRXQWU\�UHVRUW�WR�H[WUDMXGLFLDO�PHDQV�WR�VHWWOH�GLVSXWHV�

,Q�WKLV�SDSHU��ZH�WDNH�WKH�YLHZ�WKDW�PDQ\�RI�WKHVH�LQGLFDWRUV�VHUYH�DV�LPSHUIHFW
SUR[LHV�IRU�RQH�RI�D�PXFK�VPDOOHU�QXPEHU�RI�IXQGDPHQWDO�FRQFHSWV�RI�JRYHUQDQFH�
*LYHQ�WKLV�YLHZ��WKHUH�DUH�FRQVLGHUDEOH�EHQHILWV�IURP�FRPELQLQJ�UHODWHG�LQGLFDWRUV�LQWR�D
VPDOO�QXPEHU�RI�DJJUHJDWH�JRYHUQDQFH�LQGLFDWRUV���)LUVW��WKH�DJJUHJDWH�LQGLFDWRUV�VSDQ
D PXFK�ODUJHU�VHW�RI�FRXQWULHV�WKDQ�DQ\�LQGLYLGXDO�VRXUFH��SHUPLWWLQJ�FRPSDULVRQV�RI
JRYHUQDQFH�DFURVV�D�EURDG�VHW�RI�FRXQWULHV���6HFRQG��DJJUHJDWH�LQGLFDWRUV�FDQ�SURYLGH
PRUH�SUHFLVH�PHDVXUHV�RI�JRYHUQDQFH�WKDQ�LQGLYLGXDO�LQGLFDWRUV���7KLUG��LW�LV�SRVVLEOH�WR
FRQVWUXFW�TXDQWLWDWLYH�PHDVXUHV�RI�WKH�SUHFLVLRQ�RI�ERWK�WKH�DJJUHJDWH�JRYHUQDQFH
LQGLFDWRUV�DQG�WKHLU�FRPSRQHQWV��DOORZLQJ�IRUPDO�WHVWLQJ�RI�K\SRWKHVHV�UHJDUGLQJ�FURVV�
FRXQWU\�GLIIHUHQFHV�LQ�JRYHUQDQFH�

:H�UHDOL]H�WKHVH�EHQHILWV�E\�FRQVWUXFWLQJ�DJJUHJDWH�JRYHUQDQFH�LQGLFDWRUV�XVLQJ
DQ�XQREVHUYHG�FRPSRQHQWV�PRGHO���7KLV�PRGHO�H[SUHVVHV�WKH�REVHUYHG�GDWD�DV�D�OLQHDU
IXQFWLRQ�RI�XQREVHUYHG�JRYHUQDQFH�SOXV�D�GLVWXUEDQFH�WHUP�FDSWXULQJ�SHUFHSWLRQ�HUURUV
DQG�RU�VDPSOLQJ�YDULDWLRQ�LQ�HDFK�LQGLFDWRU���7KH�PDLQ�DGYDQWDJH�RI�WKLV�PHWKRG�LV�WKDW�LW
DOORZV�XV�WR�REWDLQ�HVWLPDWHV�RI�WKH�YDULDQFH�RI�WKLV�GLVWXUEDQFH�WHUP�IRU�HDFK�LQGLFDWRU�
7KHVH�FDQ�EH�LQWHUSUHWHG�DV�D�PHDVXUH�RI�KRZ�LQIRUPDWLYH�HDFK�LQGLFDWRU�LV�DERXW�WKH
EURDGHU�FRQFHSW�RI�JRYHUQDQFH�LW�PHDVXUHV���:H�WKHQ�FRPSXWH�WKH�PHDQ�RI�WKH
FRQGLWLRQDO�GLVWULEXWLRQ�RI�JRYHUQDQFH�JLYHQ�WKH�REVHUYHG�GDWD�IRU�HDFK�FRXQWU\�DV�D
QDWXUDO�SRLQW�HVWLPDWH�RI�WKH�OHYHO�RI�JRYHUQDQFH�LQ�WKDW�FRXQWU\���6LPLODUO\��WKH�YDULDQFH
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RI�WKLV�FRQGLWLRQDO�GLVWULEXWLRQ�SURYLGHV�D�QDWXUDO�HVWLPDWH�RI�WKH�SUHFLVLRQ�RI�WKLV
DJJUHJDWH�JRYHUQDQFH�PHDVXUH�IRU�HDFK�FRXQWU\�

:H�LOOXVWUDWH�RXU�DSSURDFK�ZLWK�UHIHUHQFH�WR�WKUHH�IXQGDPHQWDO�DVSHFWV�RI
JRYHUQDQFH���UXOH�RI�ODZ��JRYHUQPHQW�HIIHFWLYHQHVV��DQG�JUDIW���:H�JURXS����LQGLFDWRUV
FRQVWUXFWHG�LQ������DQG�RU������LQWR�WKUHH�FOXVWHUV�FRUUHVSRQGLQJ�WR�WKHVH�WKUHH
FRQFHSWV�RI�JRYHUQDQFH��DQG�FRPSXWH�DJJUHJDWH�LQGLFDWRUV�VSDQQLQJ����������DQG����
FRXQWULHV�UHVSHFWLYHO\���,Q�RXU�FRPSDQLRQ�SDSHU�GRFXPHQWLQJ�WKH�JRYHUQDQFH�GDWDEDVH�
ZH�FRQVWUXFW�VLPLODU�LQGLFHV�IRU�VHYHUDO�RWKHU�DVSHFWV�RI�JRYHUQDQFH�

$OWKRXJK�WKH�XQREVHUYHG�FRPSRQHQWV�PHWKRGRORJ\�ZH�XVH�LV�TXLWH�VWDQGDUG��ZH
ILQG�LWV�DSSOLFDWLRQ�WR�WKH�FRQVWUXFWLRQ�RI�FRPSRVLWH�JRYHUQDQFH�LQGLFDWRUV�LQWHUHVWLQJ��
2QH�RI�RXU�PDMRU�ILQGLQJV�LV�WKDW�WKH�DJJUHJDWH�JRYHUQDQFH�LQGLFDWRUV�ZH�FRQVWUXFW�DUH
UDWKHU�LPSUHFLVH��GHVSLWH�WKH�KLJK�FRUUHODWLRQV�REVHUYHG�EHWZHHQ�YDULRXV�VRXUFHV�RI
JRYHUQDQFH�GDWD��,Q�SDUWLFXODU��D�����FRQILGHQFH�LQWHUYDO�DURXQG�WKH�SRLQW�HVWLPDWH�RI
JRYHUQDQFH�IRU�D�W\SLFDO�FRXQWU\�VSDQV�DOPRVW�WKH�HQWLUH�LQWHUTXDUWLOH�UDQJH�RI�WKH
GLVWULEXWLRQ�RI�HVWLPDWHG�JRYHUQDQFH���7KLV�LPSOLHV�WKDW�DOWKRXJK�LW�LV�SRVVLEOH�WR�UREXVWO\
LGHQWLI\�WZHQW\�RU�VR�FRXQWULHV�ZLWK�WKH�EHVW�DQG�ZRUVW�JRYHUQDQFH�LQ�WKH�ZRUOG��LW�LV
PXFK�PRUH�GLIILFXOW�WR�LGHQWLI\�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�LQ�JRYHUQDQFH�DPRQJ
WKH�PDMRULW\�RI�FRXQWULHV�

2XU�UHVXOWV�DUH�EDVHG�RQ�WKUHH�NH\�DVVXPSWLRQV������WKDW�WKH�PHDVXUHPHQW�HUURUV
LQ�LQGLYLGXDO�LQGLFDWRUV�RI�JRYHUQDQFH�DUH�XQFRUUHODWHG�DFURVV�LQGLFDWRUV������WKDW�WKH
UHODWLRQVKLS�EHWZHHQ�XQREVHUYHG�JRYHUQDQFH�DQG�REVHUYHG�LQGLFDWRUV�LV�OLQHDU��DQG����
WKDW�WKH�GLVWULEXWLRQ�RI�XQREVHUYHG�JRYHUQDQFH�DFURVV�FRXQWULHV�LV�QRUPDO��5HOD[LQJ�WKH
ILUVW�DVVXPSWLRQ�LV�GLIILFXOW�WR�GR�LQ�SUDFWLFH��VLPSO\�EHFDXVH�ZLWKRXW�WKLV�DVVXPSWLRQ�ZH
FDQQRW�GHWHUPLQH�ZKHWKHU�WKH�FRUUHODWLRQ�RI�REVHUYHG�VFRUHV�DFURVV�LQGLFDWRUV�LV�PHUHO\
GXH�WR�FRUUHODWHG�SHUFHSWLRQ�HUURUV�RU�ZKHWKHU�LW�UHIOHFWV�WKH�FRPPRQ�FRQFHSW�RI
JRYHUQDQFH�EHLQJ�PHDVXUHG���+RZHYHU��XQGHU�WKH�OLNHO\�DOWHUQDWLYH�WKDW�SHUFHSWLRQ
HUURUV�DUH�FRUUHODWHG�DFURVV�VRXUFHV��WKH�PHDVXUHV�RI�SUHFLVLRQ�ZH�UHSRUW�ZLOO�EH�ELDVHG
GRZQZDUGV���$V�D�UHVXOW��WKH�VWDQGDUG�HUURUV�ZH�UHSRUW�VKRXOG�EH�LQWHUSUHWHG�DV�D�ORZHU
ERXQG�RQ�WKH�SUHFLVLRQ�RI�DJJUHJDWH�JRYHUQDQFH�LQGLFDWRUV����:H�FRQVLGHU�WKH
� 8QREVHUYHG�FRPSRQHQWV�PRGHOV�ZHUH�SLRQHHUHG�LQ�HFRQRPLFV�E\�*ROGEHUJHU���������DQG�WKH�FORVHO\�
UHODWHG�KLHUDUFKLFDO�DQG�HPSLULFDO�%D\HV�PRGHOV�LQ�VWDWLVWLFV�E\�(IURQ�DQG�0RUULV��������������
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FRQVHTXHQFHV�RI�UHOD[LQJ�WKH�VHFRQG�DVVXPSWLRQ�E\�SURSRVLQJ�D�PHWKRG�ZKLFK�VLPSO\
DJJUHJDWHV�WKH�RUGLQDO�LQIRUPDWLRQ�DFURVV�LQGLFDWRUV���$OWKRXJK�WKLV�KDV�WKH�DGYDQWDJH�RI
VLPSOLFLW\�DQG�GRHV�QRW�UHTXLUH�DVVXPSWLRQV�RI�OLQHDULW\��LW�LV�DOVR�PXFK�OHVV�SUHFLVH�WKDQ
WKH�XQREVHUYHG�FRPSRQHQWV�PHWKRG�VLQFH�LW�GLVFDUGV�WKH�FDUGLQDO�LQIRUPDWLRQ�LQ�WKH
GDWD���7KH�WKLUG�DVVXPSWLRQ�RI�D�QRUPDO�GLVWULEXWLRQ�IRU�XQREVHUYHG�JRYHUQDQFH�LPSOLHV
WKDW�RXU�HVWLPDWHV�RI�JRYHUQDQFH�ZLOO�EH�FOXVWHUHG�DURXQG�WKH�PHDQ�RI�WKLV�GLVWULEXWLRQ�
7KLV�UDLVHV�WKH�SRVVLELOLW\�WKDW�WKH�GLIILFXOW\�LQ�GLVWLQJXLVKLQJ�EHWZHHQ�FRXQWULHV�LV�LQ�SDUW
GULYHQ�E\�WKLV�DVVXPSWLRQ���:H�WKHUHIRUH�H[SORUH�WKH�UREXVWQHVV�RI�RXU�UHVXOWV�E\
FRQVLGHULQJ�DOWHUQDWLYHV�WR�WKLV�DVVXPSWLRQ��DQG�ILQG�WKDW�RXU�FRQFOXVLRQV�DUH�PDWHULDOO\
XQDIIHFWHG�E\�RXU�DVVXPSWLRQV�RQ�WKH�VKDSH�RI�WKH�GLVWULEXWLRQ�RI�XQREVHUYHG
JRYHUQDQFH�

7KHVH�ILQGLQJV�KDYH�VHYHUDO�LPSOLFDWLRQV�IRU�SROLF\�DQG�HPSLULFDO�UHVHDUFK�RQ�WKH
FDXVHV�DQG�FRQVHTXHQFHV�RI�JRYHUQDQFH�IRU�HFRQRPLF�GHYHORSPHQW���$W�D�EDVLF�OHYHO�
WKH�ILQGLQJ�WKDW�JRYHUQDQFH�LV�LPSUHFLVHO\�PHDVXUHG�VKRXOG�ZDUQ�DJDLQVW�WDNLQJ�WRR
VHULRXVO\�WKH�H[DFW�SRLQW�HVWLPDWHV�RI�JRYHUQDQFH��DV�ZHOO�DV�FRXQWU\�UDQNLQJV�EDVHG�RQ
WKHVH�HVWLPDWHV���$W�EHVW��LW�LV�SRVVLEOH�WR�VRUW�FRXQWULHV�LQWR�EURDG�FDWHJRULHV�DFFRUGLQJ
WR�WKHLU�OHYHOV�RI�JRYHUQDQFH��DQG�HYHQ�WKHQ�WKHUH�LV�FRQVLGHUDEOH�XQFHUWDLQW\�UHJDUGLQJ
WKH�FDWHJRU\�WR�ZKLFK�PDQ\�FRXQWULHV�VKRXOG�EH�DVVLJQHG���7R�HPSKDVL]H�WKLV�SRLQW��ZH
DYRLG�GLVFXVVLRQV�RI�VSHFLILF�FRXQWULHV�LQ�WKLV�SDSHU���6HFRQG��VLQFH�DYDLODEOH�LQGLFDWRUV
RI�JRYHUQDQFH�DUH�QRLV\�PHDVXUHV�RI�³WUXH´�JRYHUQDQFH��HPSLULFDO�ZRUN�ZKLFK�XVHV
WKHVH�LQGLFDWRUV�DV�H[SODQDWRU\�YDULDEOHV�PD\�ZHOO�XQGHUHVWLPDWH�WKH�LPSDFW�RI
JRYHUQDQFH�GXH�WR�WKH�XVXDO�DWWHQXDWLRQ�ELDV�FDXVHG�E\�EDGO\�PHDVXUHG�ULJKW�KDQG�VLGH
YDULDEOHV��6LQFH�RXU�PHWKRGRORJ\�DOORZV�XV�WR�TXDQWLI\�WKH�PHDVXUHPHQW�HUURUV�LQ�WKHVH
YDULDEOHV��LW�LV�SRVVLEOH�WR�REWDLQ�URXJK�PHDVXUHV�RI�WKH�H[WHQW�RI�WKLV�DWWHQXDWLRQ�ELDV��
)LQDOO\��RXU�UHVXOWV�VXJJHVW�WKDW�LI�ZH�ZDQW�WR�PRUH�SUHFLVHO\�GLIIHUHQWLDWH�DPRQJ
FRXQWULHV�DFFRUGLQJ�WR�WKHLU�OHYHO�RI�JRYHUQDQFH��ZH�QHHG�WR�LPSURYH�WKH�TXDOLW\�DQG
TXDQWLW\�RI�GDWD�JDWKHUHG�RQ�JRYHUQDQFH�

7KH�UHPDLQGHU�RI�WKLV�SDSHU�SURFHHGV�DV�IROORZV���,Q�6HFWLRQ����ZH�PRWLYDWH�WKH
HPSLULFDO�ZRUN�ZKLFK�IROORZV�E\�GHVFULELQJ�WKH�LQGLFDWRUV�RI�JRYHUQDQFH�ZH�XVH�WR

� ,Q�RXU�FRPSDQLRQ�SDSHU�ZH��H[SORUH�WKLV�LGHD�LQ�PRUH�GHWDLO��XVLQJ�FURVV�FRXQWU\�UHJUHVVLRQV�RI�SHU�FDSLWD
LQFRPH�RQ�YDULRXV�JRYHUQDQFH�PHDVXUHV��LQVWUXPHQWLQJ�IRU�JRYHUQDQFH�XVLQJ�PHDVXUHV�RI�WKH�OLQJXLVWLFFRPSRVLWLRQ�RI�WKH�SRSXODWLRQ����LQ�WKH�VSLULW�RI�+DOO�DQG�-RQHV��������
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LOOXVWUDWH�RXU�LGHDV���,Q�6HFWLRQ����ZH�OD\�RXW�DQG�LPSOHPHQW�WKH�XQREVHUYHG�FRPSRQHQWV
IUDPHZRUN�IRU�HVWLPDWLQJ�JRYHUQDQFH��DQG�SUHVHQW�WKH�PDLQ�UHVXOWV�LQ�6HFWLRQ�����,Q
6HFWLRQ����ZH�GLVFXVV�WKH�FRQVHTXHQFHV�RI�UHOD[LQJ�VHYHUDO�RI�WKH�DVVXPSWLRQV
XQGHUO\LQJ�WKH�PRGHO��:H�FRQFOXGH�ZLWK�D�GLVFXVVLRQ�RI�WKH�LPSOLFDWLRQV�RI�RXU�ILQGLQJV
IRU�UHVHDUFK�DQG�SROLF\�DGYLFH�UHJDUGLQJ�JRYHUQDQFH�
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��� ,QGLFDWRUV�RI�*RYHUQDQFH

,Q�WKLV�SDSHU��ZH�XVH�GDWD�IURP����GLIIHUHQW�LQGLFDWRUV�RI�JRYHUQDQFH�FRQVWUXFWHG�LQ
�����DQG�RU��������7KHVH�LQGLFDWRUV�DUH�GUDZQ�IURP����GLIIHUHQW�VRXUFHV�DQG�DUH
JURXSHG�LQWR�WKUHH�FOXVWHUV�FRUUHVSRQGLQJ�WR�UXOH�RI�ODZ��JRYHUQPHQW�HIIHFWLYHQHVV��DQG
JUDIW���7KH�NH\�IHDWXUHV�RI�WKHVH�LQGLFDWRUV�DUH�VXPPDUL]HG�LQ�7DEOH����DQG�D�GHWDLOHG
GHVFULSWLRQ�RI�WKH�VRXUFHV�DQG�YDULDEOHV�FDQ�EH�IRXQG�LQ�.DXIPDQQ��.UDD\�DQG�=RLGR�
/REDWyQ����������,Q�WKH�ILUVW�WZR�FROXPQV�RI�7DEOH���ZH�LGHQWLI\�HDFK�VRXUFH�RI
JRYHUQDQFH�GDWD�E\�DEEUHYLDWLRQ�DQG�E\�QDPH���,Q�WKH�QH[W�WKUHH�FROXPQV��ZH�UHSRUW�WKH
VRXUFH�RI�LQIRUPDWLRQ�IRU�HDFK�PHDVXUH��VXUYH\V�RI�UHVLGHQWV�RU�SROOV�RI�H[SHUWV���WKH
FRXQWU\�FRYHUDJH��DQG�D�PHDVXUH�RI�WKH�H[WHQW�WR�ZKLFK�WKH�VDPSOH�RI�FRXQWULHV�FRYHUHG
E\�HDFK�LQGLFDWRU�LV�UHSUHVHQWDWLYH�RI�WKH�SRSXODWLRQ�RI�FRXQWULHV�LQ�WKH�ZRUOG��,Q�WKH
UHPDLQLQJ�FROXPQV�ZH�UHSRUW��WKH�VSHFLILF�FRQFHSWV�PHDVXUHG�E\�HDFK�VRXUFH�LQ�HDFK�RI
WKH�WKUHH�FOXVWHUV���

$ TXLFN�ORRN�DW�7DEOH���VKRZV�WKDW�WKHVH�LQGLFDWRUV�GLIIHU�DORQJ�VHYHUDO�GLPHQVLRQV�
)LUVW��HYHQ�ZLWKLQ�FOXVWHUV�WKHUH�LV�FRQVLGHUDEOH�YDULDWLRQ�LQ�WKH�SDUWLFXODU�FRQFHSW
PHDVXUHG�E\�HDFK�LQGLFDWRU���)RU�H[DPSOH��TXHVWLRQV�DERXW�JUDIW�UDQJH�IURP�WKH
LQFLGHQFH�RI�³LPSURSHU�SUDFWLFHV´��:&<��WR�WKH�OLNHOLKRRG�WKDW�DGGLWLRQDO�SD\PHQWV�DUH
UHTXLUHG�WR�³JHW�WKLQJV�GRQH´��:'5����6LPLODUO\��TXHVWLRQV�UHJDUGLQJ�WKH�UXOH�RI�ODZ�UDQJH
IURP�ZKHWKHU�FLWL]HQV�FDQ�VXFFHVVIXOO\�VXH�WKH�VWDWH�WR�ZKHWKHU�FLWL]HQV�DUH�OLNHO\�WR
UHVROYH�GLVSXWHV�H[WUD�MXGLFLDOO\��'HVSLWH�WKLV�KHWHURJHQHLW\��ZH�WDNH�WKH�YLHZ�WKDW�ZLWKLQ
HDFK�FOXVWHU��HDFK�RI�WKHVH�FRQFHSWV�LV�DQ�LPSHUIHFW�LQGLFDWRU�RI�WKH�FRUUHVSRQGLQJ
EURDGHU�FRQFHSW�RI�JRYHUQDQFH�

7KH�VHFRQG�UHVSHFW�LQ�ZKLFK�WKHVH�LQGLFDWRUV�GLIIHU�LV�LQ�WKH�QDWXUH�RI�WKH
UHVSRQGHQWV�ZKR�SURYLGH�WKH�LQIRUPDWLRQ����6OLJKWO\�OHVV�WKDQ�KDOI�RI�WKH�LQGLFDWRUV�DUH
VXUYH\V�RI�EXVLQHVVSHRSOH�DQG�RU�UHVLGHQWV�RI�D�FRXQWU\��ZKLOH�WKH�UHPDLQLQJ�LQGLFDWRUV
DUH�SROOV�RI�H[SHUWV�ZKR�UDWH�D�VHW�RI�FRXQWULHV�DFFRUGLQJ�WR�YDULRXV�FULWHULD����$V�ZH
GLVFXVV�LQ�PRUH�GHWDLO�ODWHU�LQ�WKH�SDSHU��WKLV�GLIIHUHQFH�EHWZHHQ�WKHVH�WZR�W\SHV�RI
� )RU�D�QXPEHU�RI�WKHVH�VRXUFHV��ZH�XVH�WKH�DYHUDJH�RI�VHYHUDO�TXHVWLRQV�UHODWLQJ�WR�WKH�FRUUHVSRQGLQJ
FRUH�FRQFHSWV�RI�JRYHUQDQFH���$V�ZH�GLVFXVV�VXEVHTXHQWO\��ZH�DUH�UHOXFWDQW�WR�LQFOXGH�LQGLYLGXDO�TXHVWLRQV
IURP�D�VLQJOH�VRXUFH�VHSDUDWHO\�LQ�RXU�DQDO\VLV��DV�WKH�QHFHVVDU\�DVVXPSWLRQ�WKDW�PHDVXUHPHQW�HUURUV�DUHXQFRUUHODWHG�DFURVV�LQGLFDWRUV�LV�PXFK�PRUH�GLIILFXOW�WR�VXSSRUW�IRU�WKH�FDVH�RI�PXOWLSOH�TXHVWLRQV�IURP�DVLQJOH�VRXUFH�
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LQGLFDWRUV�KDV�LPSOLFDWLRQV�IRU�KRZ�ZH�LQWHUSUHW�WKH�HUURU�WHUPV�LQ�WKH�UHODWLRQVKLS
EHWZHHQ�REVHUYHG�LQGLFDWRU�VFRUHV�DQG�WKH�XQGHUO\LQJ�FRQFHSWV�RI�JRYHUQDQFH�

7KH�WKLUG�UHVSHFW�LQ�ZKLFK�WKHVH�LQGLFDWRUV�GLIIHU�LV�LQ�WKH�VDPSOH�RI�FRXQWULHV�WKH\
FRYHU���$�QXPEHU�RI�LQGLFDWRUV�FRYHU�D�YHU\�ODUJH�DQG�EURDG�VDPSOH�RI�GHYHORSHG�DQG
GHYHORSLQJ�FRXQWULHV��(,8��'5,��+):6-��356�DQG�:'5���ZKLOH�RWKHUV�FRYHU�YHU\
QDUURZO\�IRFXVHG�VDPSOHV�RI�FRXQWULHV��3(5&�IRU�$VLD��&((5�DQG�)+17�IRU�WUDQVLWLRQ
HFRQRPLHV����6RPH�LQGLFDWRUV�FRYHU�SULPDULO\�GHYHORSHG�FRXQWULHV�EXW�DOVR�LQFOXGH�PDMRU
GHYHORSLQJ�FRXQWULHV��:&5��*$//83��%(5,����7KLV�GLIIHUHQFH�EHWZHHQ�LQGLFDWRUV�LV
SHUKDSV�WKH�PRVW�LPSRUWDQW�IRU�WKH�HPSLULFDO�ZRUN�ZKLFK�IROORZV���7KHUH�LV�E\�QRZ
FRQVLGHUDEOH�HYLGHQFH�WKDW�JRYHUQDQFH�RQ�DYHUDJH�WHQGV�WR�EH�EHWWHU�LQ�ULFKHU�FRXQWULHV�
7KLV�LPSOLHV�WKDW�WKH�GLVWULEXWLRQ�RI�JRYHUQDQFH�LV�OLNHO\�WR�EH�YHU\�GLIIHUHQW�LQ�LQGLFDWRUV
ZKLFK�FRYHU�VHWV�RI�FRXQWULHV�ZLWK�GLIIHUHQW�DYHUDJH�LQFRPH�OHYHOV���7KHVH�GLIIHUHQFHV
QHHG�WR�EH�WDNHQ�LQWR�DFFRXQW�ZKHQ�SODFLQJ�WKH�REVHUYHG�GDWD�IURP�YDULRXV�LQGLFDWRUV
LQWR�FRPPRQ�XQLWV�DQG�FRPELQLQJ�WKHP�LQWR�DJJUHJDWH�JRYHUQDQFH�LQGLFDWRUV�

,Q�RUGHU�WR�GLVWLQJXLVK�EHWZHHQ�LQGLFDWRUV�LQ�WKLV�GLPHQVLRQ��ZH�FRQVWUXFW�D�VLPSOH
FRYHUDJH�LQGH[�ZKLFK�PHDVXUHV�GLIIHUHQFHV�EHWZHHQ�WKH�GLVWULEXWLRQ�RI�FRXQWULHV�DFURVV
LQFRPH�DQG�UHJLRQDO�FODVVLILFDWLRQV�DQG�WKH�GLVWULEXWLRQ�RI�DOO�FRXQWULHV�LQ�WKH�ZRUOG
DFURVV�WKHVH�FDWHJRULHV���,Q�SDUWLFXODU��ZH�GLYLGH�WKH�ZRUOG�LQWR�D�WZR�ZD\�FODVVLILFDWLRQ
E\�UHJLRQ�DQG�LQFRPH��IROORZLQJ�WKH�:RUOG�%DQN¶V������:RUOG�'HYHORSPHQW�5HSRUW���)RU
HDFK�RI�WKH�VRXUFHV�RI�JRYHUQDQFH�GDWD��ZH�UHSRUW�RQH�KDOI�RI�WKH�VXP�RI�DEVROXWH
GHYLDWLRQV�EHWZHHQ�WKH�VKDUH�RI�FRXQWULHV�LQ�HDFK�RI�WKH����UHJLRQ�LQFRPH�FDWHJRULHV�LQ
WKDW�VRXUFH�DQG�LQ�WKH�ZRUOG�DV�D�ZKROH���%\�FRQVWUXFWLRQ��WKLV�PHDVXUH�UDQJHV�IURP�]HUR
WR�RQH��ZLWK�ORZ�YDOXHV�LQGLFDWLQJ�PRUH�UHSUHVHQWDWLYH�LQGLFDWRUV���:H�UHSRUW�WKLV�QXPEHU
LQ�WKH�ILIWK�FROXPQ�RI�7DEOH����7KH�ILYH�LQGLFDWRUV�FRYHULQJ�WKH�ODUJHVW�QXPEHU�RI
FRXQWULHV��'5,��(,8��+)��356�DQG�:'5��DUH�VXEVWDQWLDOO\�PRUH�UHSUHVHQWDWLYH
DFFRUGLQJ�WR�WKLV�PHDVXUH�WKDQ�WKH�RWKHUV��ZLWK�D�YDOXH�RI�WKH�FRYHUDJH�LQGH[�RI�OHVV
WKDQ��������,Q�RXU�VXEVHTXHQW�HPSLULFDO�ZRUN�ZH�ZLOO�UHIHU�WR�WKHVH�DV�UHSUHVHQWDWLYH
LQGLFDWRUV��DQG�WKH�UHPDLQGHU�DV�QRQ�UHSUHVHQWDWLYH�LQGLFDWRUV�

)LQDOO\��ZH�QRWH�WKDW�HDFK�RI�WKHVH�VRXUFHV�RI�JRYHUQDQFH�GDWD�XVHV�GLIIHUHQW
XQLWV�WR�PHDVXUH�JRYHUQDQFH���0RVW�SROOV�RI�H[SHUWV�UHSRUW�GLVFUHWH�FDWHJRULFDO
UHVSRQVHV��H�J��WKH�SUHYDOHQFH�RI�FRUUXSWLRQ�RQ�DQ�LQWHJHU�VFDOH�IURP�RQH�WR�IRXU���ZKLOH
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IRU�PRVW�VXUYH\V�RI�FLWL]HQV�RU�HQWUHSUHQHXUV�ZH�KDYH�WKH�PHDQ�UHVSRQVH�DFURVV
UHVSRQGHQWV�RI�GLVFUHWH�FDWHJRULFDO�VFRUHV���:H�UH�RULHQW�GDWD�IURP�HDFK�VRXUFH�VR�WKDW
KLJKHU�YDOXHV�FRUUHVSRQG�WR�EHWWHU�RXWFRPHV��L�H��VWURQJHU�UXOH�RI�ODZ��PRUH�HIIHFWLYH
JRYHUQPHQW��DQG�OHVV�JUDIW����,Q�DGGLWLRQ��ZH�UHVFDOH�HDFK�LQGLFDWRU�E\�VXEWUDFWLQJ�WKH
PLQLPXP�SRVVLEOH�VFRUH�DQG�GLYLGLQJ�E\�WKH�GLIIHUHQFH�EHWZHHQ�WKH�PD[LPXP�DQG
PLQLPXP�VFRUHV��VR�WKDW�HDFK�LQGLFDWRU�LV�RQ�D�SRVVLEOH�VFDOH�IURP�]HUR�WR�RQH���6LQFH
ZH�UHVFDOH�HDFK�LQGLFDWRU�XVLQJ�WKH�PD[LPXP�DQG�PLQLPXP�SRVVLEOH�VFRUHV��UDWKHU�WKDQ
WKH�PD[LPXP�DQG�PLQLPXP�DFWXDO�VFRUHV�LQ�WKH�VDPSOH�RI�FRXQWULHV�FRYHUHG�E\�HDFK
LQGLFDWRU���WKLV�LV�QRWKLQJ�PRUH�WKDQ�D�FRQYHQLHQW�FKRLFH�RI�XQLWV�

,Q�7DEOH����ZH�UHSRUW�WKH�SDLUZLVH�FRUUHODWLRQV�DPRQJ�LQGLFDWRUV�ZLWKLQ�HDFK�RI�WKH
WKUHH�JRYHUQDQFH�FOXVWHUV���7KH�JUHDW�PDMRULW\�RI�WKHVH�DUH�SRVLWLYH�DQG�VXEVWDQWLDO�
IUHTXHQWO\�JUHDWHU�WKDQ�������,Q�WKH�HPSLULFDO�ZRUN�ZKLFK�IROORZV��ZH�ZLOO�LQWHUSUHW�WKHVH
ODUJH�FRUUHODWLRQV�ZLWKLQ�FOXVWHUV�DV�UHIOHFWLQJ�WKH�FRPPRQ�FRPSRQHQW�RI�JRYHUQDQFH��LQ
WKHVH�LQGLFDWRUV���,W�LV�LQWHUHVWLQJ�WR�QRWH�WKDW�GHVSLWH�WKH�VWURQJ�SDLUZLVH�FRUUHODWLRQV
DPRQJ�WKHVH�LQGLFDWRUV��DQG�GHVSLWH�WKH�IDYRXUDEOH�LQWHUSUHWDWLRQ�WKDW�WKHVH�FRUUHODWLRQV
UHIOHFW�WKH�FRPPRQ�FRPSRQHQW�RI�JRYHUQDQFH�UDWKHU�WKDQ�FRUUHODWHG�SHUFHSWLRQ�HUURUV�
ZH�QHYHUWKHOHVV�ILQG�WKDW�JRYHUQDQFH�LV�QRW�YHU\�SUHFLVHO\�PHDVXUHG���:H�SURYLGH�VRPH
LQWXLWLRQV�IRU�WKLV�LQ�WKH�IROORZLQJ�VHFWLRQ�
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���(VWLPDWLQJ�*RYHUQDQFH

,Q�WKLV�VHFWLRQ�ZH�LQWHUSUHW�WKH�GDWD�DV�EHLQJ�JHQHUDWHG�E\�DQ�XQREVHUYHG
FRPSRQHQWV�RU�PXOWLSOH�LQGLFDWRU�PRGHO�LQ�ZKLFK�WKH�REVHUYHG�GDWD�RQ�JRYHUQDQFH�FDQ
EH�H[SUHVVHG�DV�D�OLQHDU�IXQFWLRQ�RI�XQREVHUYHG�JRYHUQDQFH�SOXV�D�UDQGRP�HUURU�WHUP�
:H�UHYLHZ�WKH�ZHOO�NQRZQ�IHDWXUHV�RI�WKLV�PRGHO��DQG�SURSRVH�D�VLPSOH�H[WHQVLRQ�ZKLFK
GHOLYHUV�FRQVLVWHQW�SDUDPHWHU�HVWLPDWHV�IRU�UHSUHVHQWDWLYH�DV�ZHOO�DV�QRQ�UHSUHVHQWDWLYH
LQGLFDWRUV���:H�WKHQ�GHVFULEH�KRZ�WKH�SDUDPHWHUV�RI�WKLV�PRGHO�FDQ�EH�HVWLPDWHG�DQG
FDQ�EH�XVHG�WR�FRQVWUXFW�HVWLPDWHV�RI�HDFK�RI�WKH�WKUHH�DVSHFWV�RI�JRYHUQDQFH�LQ�HDFK
FRXQWU\�

7KH�0RGHO

2XU�GDWD�FRQVLVWV�RI�FOXVWHUV�RI�LQGLFDWRUV�RI�WKUHH�DVSHFWV�RI�JRYHUQDQFH�±�UXOH
RI�ODZ��JRYHUQPHQW�HIIHFWLYHQHVV��DQG�JUDIW���/HW�J�M��GHQRWH�DQ�XQREVHUYHG�LQGH[�RI�RQH
RI�WKHVH�WKUHH�DVSHFWV�RI�JRYHUQDQFH�LQ�FRXQWU\�M��IRU�H[DPSOH��JUDIW���7KH�REVHUYHG�GDWD
RQ�JUDIW�FRQVLVWV�RI�D�FOXVWHU�RI�N ������.�LQGLFDWRUV��HDFK�RQH�SURYLGLQJ�D�QXPHULFDO
UDWLQJ�RI�VRPH�DVSHFW�RI�JUDIW�LQ�HDFK�RI�WKH�M �����-�N��FRXQWULHV�FRYHUHG�E\�WKDW
LQGLFDWRU����:H�DVVXPH�WKDW�ZH�FDQ�ZULWH�WKH�REVHUYHG�VFRUH�RI�FRXQWU\�M�RQ�LQGLFDWRU�N�
\�M�N���DV�D�OLQHDU�IXQFWLRQ�RI�XQREVHUYHG�JRYHUQDQFH��J�M���DQG�D�GLVWXUEDQFH�WHUP��e�M�N��
DV�IROORZV�
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ZKHUH�a�N��DQG�b�N��DUH�XQNQRZQ�SDUDPHWHUV�ZKLFK�PDS�XQREVHUYHG�JRYHUQDQFH�J�M�
LQWR�WKH�REVHUYHG�GDWD�\�M�N����:H�DVVXPH�WKDW�J�M��LV�D�UDQGRP�YDULDEOH�ZLWK�PHDQ�]HUR
DQG�YDULDQFH�RQH��2XU�REMHFWLYH�LV�WR�VXPPDUL]H�RXU�NQRZOHGJH�DERXW�J�M��IRU�HDFK
FRXQWU\�M�XVLQJ�WKH�GLVWULEXWLRQ�RI�J�M��FRQGLWLRQDO�RQ�WKH�REVHUYHG�GDWD�\�M�N���N ������.�M�
IRU�FRXQWU\�M���7KH�PHDQ�RI�WKLV�FRQGLWLRQDO�GLVWULEXWLRQ�SURYLGHV�D�QDWXUDO�HVWLPDWH�RI�WKH
OHYHO�RI�JRYHUQDQFH�LQ�FRXQWU\�M��DQG�WKH�YDULDQFH�RI�WKLV�FRQGLWLRQDO�GLVWULEXWLRQ�LV�D
QDWXUDO�PHDVXUH�RI�WKH�SUHFLVLRQ�RI�WKLV�LQGLFDWRU�RI�JRYHUQDQFH���7KH�DVVXPSWLRQ�RI�D
]HUR�PHDQ�DQG�XQLW�YDULDQFH�IRU�JRYHUQDQFH�LV�DQ�LQQRFXRXV�FKRLFH�RI�XQLWV�UHTXLUHG�WR
LGHQWLI\�WKH�SDUDPHWHUV�a�N��DQG�b�N���6LQFH�ZH�ZLOO�DOORZ�WKH�YDULDQFH�RI�WKH�HUURU�WHUP
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WR�YDU\�DFURVV�LQGLFDWRUV�N��WKH�IDFW�WKDW�b�N��PXOWLSOLHV�WKH�HUURU�WHUP�LV�DQ�LQQRFXRXV
UHVFDOLQJ�ZKLFK�VOLJKWO\�VLPSOLILHV�VRPH�RI�WKH�H[SUHVVLRQV�ZKLFK�IROORZ�

:H�XVH�WKLV�XQREVHUYHG�FRPSRQHQWV�PRGHO��ZKLFK�WUHDWV�XQREVHUYHG
JRYHUQDQFH�DV�D�UDQGRP�YDULDEOH�UDWKHU�WKDQ�DV�D�IL[HG�SDUDPHWHU�WR�EH�HVWLPDWHG��IRU�D
SUDJPDWLF�UHDVRQ���:H�ZLOO�VKRUWO\�DOVR�DVVXPH�WKDW�WKH�YDULDQFH�RI�WKH�GLVWXUEDQFH�WHUP
e�M�N��PD\�GLIIHU�DFURVV�LQGLFDWRUV���,Q�WKLV�FDVH��ZH�FDQQRW�WUHDW�WKH�J�M�V�DV�IL[HG
SDUDPHWHUV�WR�EH�HVWLPDWHG�IRU�HDFK�FRXQWU\���VLQFH�LQGLYLGXDO�HIIHFWV�DUH�QRW�LGHQWLILHG�LQ
D IL[HG�HIIHFWV�PRGHO�ZLWK�KHWHURVNHGDVWLF�GLVWXUEDQFHV���� 0RUHRYHU��LW�VKRXOG�EH�FOHDU
IURP�(TXDWLRQ�����WKDW�QDLYH�DJJUHJDWHV�VXFK�DV�D�VLPSOH�DYHUDJH�RI�UHVFDOHG�LQGLFDWRUV
IRU�HDFK�FRXQWU\�ZLOO�QRW�UHVXOW�LQ�VHQVLEOH�HVWLPDWHV�RI�JRYHUQDQFH��DV�ORQJ�DV�WKH
SDUDPHWHUV�a�N��DQG�b�N��GLIIHU�DFURVV�LQGLFDWRUV�DQG�GLIIHUHQW�FRXQWULHV�DSSHDU�LQ
GLIIHUHQW�VHWV�RI�LQGLFDWRUV��,W�LV�DOVR�QRW�SRVVLEOH�WR�UHPRYH�WKH�GHSHQGHQFH�RI�WKH
REVHUYHG�GDWD�RQ�WKHVH�QXLVDQFH�SDUDPHWHUV�E\�VWDQGDUGL]LQJ��L�H��E\�UHPRYLQJ�WKH
VDPSOH�PHDQ�IURP�HDFK�LQGLFDWRU��DQG�GLYLGLQJ�E\�WKH�VDPSOH�VWDQGDUG�GHYLDWLRQ����7KLV
LV�EHFDXVH�LI�LQGLFDWRU�N�LV�QRQ�UHSUHVHQWDWLYH��WKH�VDPSOH�PHDQ�ZLOO�UHIOHFW�QRW�RQO\�a�N��
EXW�DOVR�WKH�PHDQ�RI�J�M��LQ�WKH�VDPSOH�RI�FRXQWULHV�FRYHUHG�E\�LQGLFDWRU�N���(YHQ�LI�DQ
LQGLFDWRU�LV�UHSUHVHQWDWLYH�LQ�WKH�VHQVH�WKDW�WKH�VWDQGDUG�GHYLDWLRQ�RI�XQREVHUYHG
JRYHUQDQFH�LV�HTXDO�WR��RQH�LQ�WKH�VDPSOH�RI�FRXQWULHV�LW�FRYHUV���WKH�VDPSOH�VWDQGDUG
GHYLDWLRQ�RI�REVHUYHG�VFRUHV�ZLOO�UHIOHFW�QRW�RQO\�b�N���EXW�DOVR�WKH�VWDQGDUG�GHYLDWLRQ�RI
WKH�GLVWXUEDQFHV�

7KH�GLVWXUEDQFH�WHUP�e�M�N��FDSWXUHV�WZR�VRXUFHV�RI�XQFHUWDLQW\�LQ�WKH�UHODWLRQVKLS
EHWZHHQ�WUXH�JRYHUQDQFH�DQG�WKH�REVHUYHG�LQGLFDWRUV���)LUVW��WKH�SDUWLFXODU�DVSHFW�RI
JRYHUQDQFH�FRYHUHG�E\�LQGLFDWRU�N�LV�LPSHUIHFWO\�PHDVXUHG�LQ�HDFK�FRXQWU\��UHIOHFWLQJ
HLWKHU�SHUFHSWLRQ�HUURUV�RQ�WKH�SDUW�RI�H[SHUWV��LQ�WKH�FDVH�RI�SROOV�RI�H[SHUWV���RU
VDPSOLQJ�YDULDWLRQ��LQ�WKH�FDVH�RI�VXUYH\V�RI�FLWL]HQV�RU�HQWUHSUHQHXUV����6HFRQG��WKH
UHODWLRQVKLS�EHWZHHQ�WKH�SDUWLFXODU�FRQFHSW�PHDVXUHG�E\�LQGLFDWRU�N�DQG�WKH
FRUUHVSRQGLQJ�EURDGHU�DVSHFW�RI�JRYHUQDQFH��PD\�EH�LPSHUIHFW���)RU�H[DPSOH��HYHQ�LI
WKH�SDUWLFXODU�DVSHFW�RI�JUDIW�FRYHUHG�E\�VRPH�LQGLFDWRU�N���VXFK�DV�WKH�SUHYDOHQFH�RI

� 7R�VHH�WKLV��FRQVLGHU�WKH�VSHFLDO�FDVH�ZKHUH�a�N� ��DQG�b�N� ��IRU�DOO�LQGLFDWRUV���:H�FDQ�PDNH�WKH
OLNHOLKRRG�IXQFWLRQ�RI�WKH�REVHUYHG�GDWD�DUELWUDULO\�ODUJH�VLPSO\�E\�HVWLPDWLQJ�J�M��DV�WKH�REVHUYHG�VFRUH�RQ�D
SDUWLFXODU�LQGLFDWRU��IRU�H[DPSOH�J�M� \�M�.���IRU�HYHU\�FRXQWU\�M��DQG�VHWWLQJ�se�.� ���.LHIHU��������SURYLGHV�DGHWDLOHG�GLVFXVVLRQ�RI�WKLV�SRLQW�
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³LPSURSHU�SUDFWLFHV´��LV�SHUIHFWO\�PHDVXUHG���LW�PD\�QHYHUWKHOHVV�EH�D�QRLV\�LQGLFDWRU�RI
JUDIW�LI�WKHUH�DUH�GLIIHUHQFHV�DFURVV�FRXQWULHV�LQ�ZKDW�³LPSURSHU�SUDFWLFHV´�DUH
FRQVLGHUHG�WR�EH�

:H�DVVXPH�WKDW�WKH�GLVWXUEDQFH�WHUP�KDV�]HUR�PHDQ��(>e�M�N�@ ���KDV�WKH�VDPH
YDULDQFH�DFURVV�FRXQWULHV�ZLWKLQ�D�JLYHQ�LQGLFDWRU�EXW�D�GLIIHUHQW�YDULDQFH�DFURVV
LQGLFDWRUV��(>e�M�N��@ se�N��� DQG�LV�LQGHSHQGHQW�DFURVV�LQGLFDWRUV�DQG�FRXQWULHV�
(>e�M�N�e�M¶�N¶�@ ��LI�M�M¶�RU�N�N¶��7KH�YDULDQFH�RI�WKH�HUURU�WHUP�FDQ�EH�LQWHUSUHWHG�DV�D
PHDVXUH�RI�KRZ�LQIRUPDWLYH�LQGLFDWRU�N�LV�DERXW�J�M���DQG�LV�OLNHO\�WR�YDU\�DFURVV
LQGLFDWRUV���7KH�DVVXPSWLRQ�WKDW�WKH�HUURUV�DUH�LQGHSHQGHQW�DFURVV�LQGLFDWRUV�LV�D�VWURQJ
RQH��EXW�XQIRUWXQDWHO\�RQH�WKDW�LV�DOVR�GLIILFXOW�WR�UHOD[��,QWXLWLYHO\��ZLWKRXW�WKLV
DVVXPSWLRQ�ZH�FDQQRW�LGHQWLI\�ZKHWKHU�WKH�FRUUHODWLRQ�RI�VFRUHV�EHWZHHQ�WZR�LQGLFDWRUV
LV�GXH�WR�WKHLU�FRPPRQ�FRPSRQHQW�RI�JRYHUQDQFH�J�M���RU�ZKHWKHU�LW�VLPSO\�UHIOHFWV�WKH
FRUUHODWLRQ�RI�HUURUV��,Q�FRQWUDVW��WKLV�LGHQWLI\LQJ�DVVXPSWLRQ�PDLQWDLQV�WKDW�DOO�RI�WKH
FRUUHODWLRQ�RI�VFRUHV�DFURVV�LQGLFDWRUV�LV�DWWULEXWDEOH�WR�WKHLU�FRPPRQ�HVWLPDWH�RI
JRYHUQDQFH���:H�ZLOO�FRQVLGHU�WKH�FRQVHTXHQFHV�RI�UHOD[LQJ�WKLV�DVVXPSWLRQ�LQ�WKH
IROORZLQJ�VHFWLRQ����)RU�QRZ��ZH�VLPSO\�QRWH�WKDW�WKLV�LGHQWLI\LQJ�DVVXPSWLRQ�FRUUHVSRQGV
WR�D�³EHVW�FDVH´�VFHQDULR�UHJDUGLQJ�WKH�SUHFLVLRQ�RI�JRYHUQDQFH�DJJUHJDWHV��VLQFH�LW
DVVXPHV�WKDW�HDFK�LQGLFDWRU�SURYLGHV�LQGHSHQGHQW�LQIRUPDWLRQ�RQ�D�SDUWLFXODU�DVSHFW�RI
JRYHUQDQFH���$V�D�UHVXOW��ZH�DUH�LI�DQ\WKLQJ�OLNHO\�WR�RYHUVWDWH�WKH�SUHFLVLRQ�ZLWK�ZKLFK
JRYHUQDQFH�LV�PHDVXUHG�

7KH�SDUDPHWHUV�a�N��DQG�b�N��PDS�XQREVHUYHG�JRYHUQDQFH�LQWR�WKH�REVHUYHG
GDWD���$OWKRXJK�DOO�RI�RXU�LQGLFDWRUV��DIWHU�UHVFDOLQJ��DUH�QRPLQDOO\�LQ�WKH�VDPH�XQLWV�DQG
DUH�PHDVXUHG�RQ�D�VFDOH�IURP�]HUR�WR�RQH��WKHUH�DUH�QHYHUWKHOHVV�WKUHH�UHDVRQV�ZK\
WKHVH�SDUDPHWHUV�PD\�GLIIHU�DFURVV�LQGLFDWRUV���)LUVW��QRW�DOO�LQGLFDWRUV�XVH�WKH�HQWLUH
UDQJH�RI�SRVVLEOH�VFRUHV���)RU�H[DPSOH��DOWKRXJK�:'5�PHDVXUHV�SHUFHSWLRQV�RI�JUDIW�RQ
D VFDOH�IURP�RQH�WR�VL[��WKH�ORZHVW�REVHUYHG�VFRUH�LV�RQO\��������7KLV�VXJJHVWV�WKDW�a�N�
RQ�WKLV�LQGLFDWRU�PD\�EH�JUHDWHU�WKDQ�WKDW�RI�DQ�LQGLFDWRU�VXFK�DV�(,8�ZKLFK�XVHV�WKH�IXOO
UDQJH�RI�SRVVLEOH�VFRUHV���6HFRQG��D�JLYHQ�LQGLFDWRU�PLJKW�EH�³HDV\´��³WRXJK´��UHODWLYH�WR
RWKHU�LQGLFDWRUV�LQ�WKH�VHQVH�WKDW�LW�WHQGV�WR�RYHUHVWLPDWH��XQGHUHVWLPDWH��D�SDUWLFXODU
DVSHFW�RI�JRYHUQDQFH�LQ�FRXQWULHV�ZKHUH�LW�LV�LQ�IDFW�ORZ��KLJK����7KLV�ZRXOG�EH�UHIOHFWHG
LQ�D�UHODWLYHO\�KLJK��ORZ��YDOXH�RI�a�N��RQ�WKDW�LQGLFDWRU���7KLUG��FRQVLGHU�D�QRQ�
UHSUHVHQWDWLYH�LQGLFDWRU�WKDW�FRYHUV�D�VHW�RI�FRXQWULHV�LQ�ZKLFK�WKH�DYHUDJH�OHYHO�RI�D
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SDUWLFXODU�DVSHFW�RI�JRYHUQDQFH�LV�EHWWHU�WKDQ�LQ�WKH�ZRUOG�DV�D�ZKROH��H�J��%(5,��ZKLFK
FRYHUV�SULPDULO\�GHYHORSHG�FRXQWULHV����6XSSRVH�IXUWKHU�WKDW�WKLV�VRXUFH�WHQGV�WR�VFRUH
FRXQWULHV�UHODWLYH�WR�HDFK�RWKHU��VR�WKDW�WKH�ZRUVW��EHVW��FRXQWU\�LQ�WKH�VDPSOH�UHFHLYHV
WKH�ORZHVW��KLJKHVW��SRVVLEOH�VFRUH�RI�]HUR��RQH����7KLV�ZRXOG�EH�UHIOHFWHG�LQ�D�UHODWLYHO\
KLJK�YDOXH�RI�b�N���VLQFH�UHODWLYHO\�VPDOO�GLIIHUHQFHV��LQ�WUXH�JRYHUQDQFH�DUH�PDJQLILHG
LQWR�UHODWLYHO\�ODUJH�GLIIHUHQFHV�LQ�REVHUYHG�VFRUHV�

7KH�&RQGLWLRQDO�'LVWULEXWLRQ�RI�*RYHUQDQFH

2XU�REMHFWLYH�LV�WR�VXPPDUL]H�RXU�NQRZOHGJH�DERXW�JRYHUQDQFH�LQ�HDFK�FRXQWU\�M
E\�WKH�GLVWULEXWLRQ�RI�JRYHUQDQFH�FRQGLWLRQDO�RQ�WKH�REVHUYHG�GDWD�LQ�FRXQWU\�M���7KLV�WDVN
LV�JUHDWO\�VLPSOLILHG�E\�DVVXPLQJ�WKDW�ERWK�J�M��DQG�WKH�GLVWXUEDQFHV�e�M�N��DUH�MRLQWO\
QRUPDOO\�GLVWULEXWHG���,Q�WKLV�FDVH��J�M��DQG�\�M�N���N ������.�M��DUH�MRLQWO\�QRUPDO��DQG�WKH
FRQGLWLRQDO�GLVWULEXWLRQ�RI�J�M��JLYHQ�WKH�GDWD�LV�DOVR�QRUPDO��ZLWK�PHDQ�DQG�YDULDQFH
JLYHQ�E\�
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ZKHUH�\�M��LV�D�.�M�[��YHFWRU�ZKLFK�VWDFNV�WKH�.�M��GDWD�SRLQWV�IRU�FRXQWU\�M��a LV�WKH
FRUUHVSRQGLQJ�.�M�[��YHFWRU�RI�a�N�V��B DQG�S DUH�.�M�[.�M��GLDJRQDO�PDWULFHV�ZLWK�WKH
FRUUHVSRQGLQJ�b�N�V�DQG�se�N��V RQ�WKH�GLDJRQDO��DQG�i LV�D�.�M�[��YHFWRU�RI�RQHV��:H
UHIHU�WR�WKH�FRQGLWLRQDO�PHDQ�LQ�����DV�WKH�HVWLPDWHG�YDOXH�RI�WKDW�DVSHFW�RI�JRYHUQDQFH
LQ�FRXQWU\�M���:LWK�D�VOLJKW�DEXVH�RI�WHUPLQRORJ\��ZH�UHIHU�WR�DQ�LQWHUYDO�IURP�WKH��d���WK
SHUFHQWLOH�WR�WKH����d���WK�SHUFHQWLOH�RI�WKH�FRQGLWLRQDO�GLVWULEXWLRQ�RI�J�M��DV�DQ�d�SHUFHQW
³FRQILGHQFH�LQWHUYDO´�DURXQG�WKLV�HVWLPDWH��DQG�ZH�UHIHU�WR�WKH�VTXDUH�URRW�RI�WKH
FRQGLWLRQDO�YDULDQFH�LQ�����DV�WKH�³VWDQGDUG�HUURU´�RI�WKLV�HVWLPDWH��

� 7KLV�IUDPHZRUN�KDV�D�GLVWLQFWO\�%D\HVLDQ�LQWHUSUHWDWLRQ��7KH�GLVWULEXWLRQ�RI�J�M��FRQGLWLRQDO�RQ�WKH�REVHUYHG
GDWD�\�M��FDQ�EH�YLHZHG�D�SRVWHULRU�GLVWULEXWLRQ��DQG�WKH�PHDQ�RI�WKLV�GLVWULEXWLRQ�DV�DQ�HVWLPDWRU�RI�J�M��ZRXOGEH�MXVWLILHG�DV�D�SRLQW�HVWLPDWH�RI�J�M��E\�D�TXDGUDWLF�H[SHFWHG�SRVWHULRU�ORVV�IXQFWLRQ���6LPLODUO\��WKH³FRQILGHQFH�LQWHUYDO´�LV�DQDORJRXV�WR�D�%D\HVLDQ�KLJKHVW�SRVWHULRU�GHQVLW\�LQWHUYDO�
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7KHVH�H[SUHVVLRQV�KDYH�D�YHU\�QDWXUDO�LQWHUSUHWDWLRQ���,I�WKH�SDUDPHWHUV�a�N��
b�N��DQG�se�N�� ZHUH�NQRZQ��D�VHQVLEOH�ZD\�WR�HVWLPDWH�J�M��ZRXOG�EH�WR�UHVFDOH�WKH
REVHUYHG�VFRUHV�E\�VXEWUDFWLQJ�a�N��DQG�GLYLGLQJ�E\�b�N���DQG�WKHQ�FRQVWUXFW�D�ZHLJKWHG
DYHUDJH�RI�WKHVH�UH�VFDOHG�VFRUHV���,Q�SDUWLFXODU��OHW�a� � � � � � �N�
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GHQRWH�WKH�UHVFDOHG�YDOXH�RI�\�M�N����7KHQ�WKH�FRQGLWLRQDO�PHDQ�LQ�����LV�D�ZHLJKWHG
DYHUDJH�RI�WKHVH�VWDQGDUGL]HG�VFRUHV�IRU�FRXQWU\�M�RQ�HDFK�RI�WKH�.�M��LQGLFDWRUV�LQ�ZKLFK
LW�DSSHDUV��ZLWK�ZHLJKWV�FRUUHVSRQGLQJ�WR�WKH�LQYHUVH�RI�WKH�YDULDQFH��RI�WKH�HUURU�WHUP�RQ
HDFK�LQGLFDWRU��L�H�
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s e � ZKLFK�LV�GHFUHDVLQJ�LQ�WKH�QXPEHU�RI�LQGLFDWRUV
DYDLODEOH�IRU�WKDW�FRXQWU\��.�M���DQG�LV�LQFUHDVLQJ�LQ�WKH�YDULDQFH�RI�WKH�HUURU�WHUP�LQ�HDFK
RI�WKHVH�LQGLFDWRUV��se�N���

(VWLPDWLQJ�WKH�8QNQRZQ�3DUDPHWHUV

,Q�RUGHU�WR�LPSOHPHQW�����DQG������ZH�QHHG�WR�ILUVW�HVWLPDWH�WKH�XQNQRZQ
SDUDPHWHUV�a�N���b�N��DQG�se�N�� IRU�HYHU\�LQGLFDWRU�N��)RU�WKH�VHW�RI�UHSUHVHQWDWLYH
LQGLFDWRUV��ZH�FDQ�XVH�WKH�DVVXPSWLRQ�RI�QRUPDOLW\�RI�J�M��DQG�e�M�N��WR�ZULWH�GRZQ�WKH
OLNHOLKRRG�IXQFWLRQ�RI�WKH�REVHUYHG�GDWD���3URYLGHG�WKDW�ZH�KDYH�DW�OHDVW�WKUHH�VXFK
LQGLFDWRUV��WKH�PRGHO�LV�LGHQWLILHG�DQG�LW�LV�VWUDLJKWIRUZDUG�WR�PD[LPL]H�WKLV�IXQFWLRQ�ZLWK
UHVSHFW�WR�WKH�a�N�V��b�N�V��DQG�se�N��V WR�REWDLQ�HVWLPDWHV�RI�WKH�XQNQRZQ�SDUDPHWHUV
IRU�WKH�UHSUHVHQWDWLYH�LQGLFDWRUV��

� $OWKRXJK�PD[LPXP�OLNHOLKRRG�HVWLPDWLRQ�RI�WKHVH�SDUDPHWHUV�UHTXLUHV�WKH�DVVXPSWLRQ�RI�QRUPDOLW\��LW�LV
DOVR�SRVVLEOH�WR�GLVSHQVH�ZLWK�WKLV�DVVXPSWLRQ�DQG�DSSO\�D�PHWKRG�RI�PRPHQWV�SURFHGXUH���,Q�WKH�MXVW�
LGHQWLILHG�FDVH�RI�WKUHH�LQGLFDWRUV��WKHVH�PHWKRGV�OHDG�WR�LGHQWLFDO�SDUDPHWHU�HVWLPDWHV���,Q�WKH�RYHULGHQWLILHGFDVH�RI�PRUH�WKDQ�WKUHH�LQGLFDWRUV��WKHVH�PHWKRGV�GLIIHU�RQO\�LQ�WKH�ZHLJKWV�DSSOLHG�WR�WKH�YDULRXV�PRPHQWFRQGLWLRQV��DQG�LQ�SUDFWLFH�WKLV�PDNHV�OLWWOH�GLIIHUHQFH�IRU�WKH�SDUDPHWHU�HVWLPDWHV�
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:H�FDQQRW�DSSO\�WKLV�PHWKRG�WR�QRQ�UHSUHVHQWDWLYH�LQGLFDWRUV���7R�VHH�ZK\�
FRQVLGHU�WKH�PD[LPXP�OLNHOLKRRG�HVWLPDWH�RI�a�N���ZKLFK�XQVXUSULVLQJO\�LV�WKH�PHDQ
VFRUH�DFURVV�FRXQWULHV�RQ�LQGLFDWRU�N���,W�LV�VWUDLJKWIRUZDUG�WR�VHH�IURP�(TXDWLRQ�����WKDW
WKH�H[SHFWHG�YDOXH�RI�WKH�VDPSOH�PHDQ�RI�VFRUHV�RQ�LQGLFDWRU�N�LV�a b� � � � � �N N J N+ ¼ �
ZKHUH� J�N� �GHQRWHV�WKH�DYHUDJH�OHYHO�RI�JRYHUQDQFH�LQ�WKH�VDPSOH�RI�FRXQWULHV�FRYHUHG
E\�LQGLFDWRU�N���)RU�UHSUHVHQWDWLYH�LQGLFDWRUV��RXU�FKRLFH�RI�XQLWV�IRU�JRYHUQDQFH
QRUPDOL]HV� J�N� = � � +RZHYHU��IRU�D�QRQ�UHSUHVHQWDWLYH�LQGLFDWRU�ZKHUH�WKH�DYHUDJH
OHYHO�RI�JRYHUQDQFH�LV�GLIIHUHQW�IURP�WKH�ZRUOG�DV�D�ZKROH�� J�N� � � DQG�WKH�VDPSOH
PHDQ�GRHV�QRW�SURYLGH�D�FRQVLVWHQW�HVWLPDWH�RI�a�N��

:H�FDQ�QHYHUWKHOHVV�REWDLQ�FRQVLVWHQW�HVWLPDWHV�RI�WKH�XQNQRZQ�SDUDPHWHUV�E\
XVLQJ�WKH�IROORZLQJ�VLPSOH�DUJXPHQW���,I�J�M��ZHUH�REVHUYDEOH��ZH�FRXOG�HVWLPDWH�a�N��
b�N��DQG�se�N��IRU�DQ\�LQGLFDWRU�E\�UHJUHVVLQJ�WKH�REVHUYHG�VFRUHV�\�M�N��RQ�J�M��
$OWKRXJK�J�M��LV�LWVHOI�QRW�REVHUYDEOH��ZH�GR�KDYH�DQ�HVWLPDWH�RI�J�M��EDVHG�RQ�WKH
UHSUHVHQWDWLYH�LQGLFDWRUV���,Q�SDUWLFXODU��OHW�J
�M��GHQRWH�WKH�PHDQ�RI�J�M��FRQGLWLRQLQJ�RQO\
RQ�WKH�GDWD�IURP�WKH�UHSUHVHQWDWLYH�LQGLFDWRUV���:H�FDQ�GHFRPSRVH�WKLV�FRQGLWLRQDO
PHDQ�LQWR�REVHUYHG�JRYHUQDQFH�J�M��SOXV�LWV�GHYLDWLRQ�IURP�WKH�PHDQ�X�M���L�H�
J
�M� J�M��X�M����6LQFH�X�M��LV�LQGHSHQGHQW�RI�J�M���ZH�FDQ�YLHZ�J
�M��DV�PHDVXULQJ�J�M��ZLWK
HUURU��L�H��DV�D�FODVVLF�HUURUV�LQ�YDULDEOHV�SUREOHP���,W�LV�ZHOO�NQRZQ�WKDW�2/6�HVWLPDWHV�RI
b�N��IURP�D�UHJUHVVLRQ�RI�\�M�N��RQ�J
�M��ZLOO�SURGXFH�GRZQZDUG�ELDVHG�HVWLPDWHV�GXH�WR
WKH�XVXDO�DWWHQXDWLRQ�ELDV�LPSDUWHG�E\�PHDVXUHPHQW�HUURU�LQ�J
�M���,Q�SDUWLFXODU��WKH
SUREDELOLW\�OLPLW�RI�WKH�2/6�VORSH�FRHIILFLHQW�LV�b�N� > � �@
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9 J M � 6LQFH�WKH�YDULDQFH
RI�X�M��LV�VLPSO\�WKH�YDULDQFH�RI�WKH�FRQGLWLRQDO�PHDQ�RI�J�M��JLYHQ�LQ�(TXDWLRQ������DQG
VLQFH�9>J
�M�@�LV�REVHUYDEOH��ZH�FDQ�FRUUHFW�WKH�2/6�FRHIILFLHQWV�IRU�WKLV�DWWHQXDWLRQ�ELDV
WR�DUULYH�DW�FRQVLVWHQW�HVWLPDWHV�RI�WKH�SDUDPHWHUV�RI�WKH�QRQ�UHSUHVHQWDWLYH�LQGLFDWRUV��

� $Q�DOWHUQDWLYH�DSSURDFK�WR�WKH�SUREOHP�RI�QRQ�UHSUHVHQWDWLYH�LQGLFDWRUV�ZRXOG�EH�WR�LPSXWH�GDWD�IRU�WKH
PLVVLQJ�REVHUYDWLRQV��LQ�WKH�VSLULW�RI�5XELQ�����������:H�GR�QRW�SXUVXH�WKLV�DSSURDFK�KHUH�VLPSO\�EHFDXVH�LWLV�GLIILFXOW�WR�VSHFLI\�WKH�NH\�LQJUHGLHQW�RI�WKH�LPSXWDWLRQ�SURFHVV�±�WKH�FRQGLWLRQDO�GLVWULEXWLRQ�RI�WKHXQREVHUYHG�GDWD�JLYHQ�WKH�REVHUYHG�GDWD�±�LQ�RXU�DSSOLFDWLRQ�
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,W�LV�ZRUWK�QRWLQJ�WKDW�WKLV�HVWLPDWLRQ�PHWKRG�³UHZDUGV�FRQIRUPLW\´��LQ�WKH�VHQVH�WKDW
LQGLFDWRUV�WKDW�DUH�KLJKO\�FRUUHODWHG�ZLOO�KDYH�ORZ�HVWLPDWHG�YDULDQFHV�DQG�KHQFH�ZLOO�EH
SHUFHLYHG�DV�PRUH�SUHFLVH���*LYHQ�RXU�DVVXPSWLRQ�WKDW�WKH�GLVWXUEDQFH�WHUPV�DUH
LQGHSHQGHQW�DFURVV�LQGLFDWRUV��LW�PDNHV�VHQVH�WR�WUHDW�KLJKO\�FRUUHODWHG�LQGLFDWRUV�LQ�WKLV
ZD\���,I�RQ�WKH�RWKHU�KDQG�LQGLFDWRUV�DUH�FRUUHODWHG�VLPSO\�EHFDXVH�WKHLU�GLVWXUEDQFHV
DUH�FRUUHODWHG��WKLV�LQWHUSUHWDWLRQ�ZRXOG�EH�LQDSSURSULDWH���:H�WDNH�WKLV�LVVXH�XS�LQ�PRUH
GHWDLO�LQ�6HFWLRQ����DQG�DUJXH�WKDW�LW�ZLOO�UHVXOW�LQ�HYHQ�OHVV�SUHFLVH�HVWLPDWHV�RI
JRYHUQDQFH�WKDQ�WKRVH�ZH�REWDLQ�KHUH�
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����5HVXOWV

,Q�WKLV�VHFWLRQ�ZH�LPSOHPHQW�WKH�XQREVHUYHG�FRPSRQHQWV�PRGHO�ODLG�RXW�LQ�WKH
SUHYLRXV�VHFWLRQ�IRU�WKUHH�FRQFHSWV�RI�JRYHUQDQFH��JRYHUQPHQW�HIIHFWLYHQHVV��UXOH�RI
ODZ��DQG�JUDIW���:H�ILUVW�SUHVHQW�HVWLPDWHV�RI�JRYHUQDQFH�DQG�DVVRFLDWHG�VWDQGDUG�HUURUV
IRU�HDFK�FRXQWU\��DQG�WKHQ�FRQVLGHU�WKH�FRQVHTXHQFHV�RI�WKHVH�VWDQGDUG�HUURUV�IRU
LGHQWLI\LQJ�FURVV�FRXQWU\�GLIIHUHQFHV�LQ�JRYHUQDQFH���:H�FRQFOXGH�ZLWK�D�VLPSOH�H[DPSOH
ZKLFK�UHODWHV�WKH�SDLUZLVH�FRUUHODWLRQV�REVHUYHG�DPRQJ�LQGLYLGXDO�JRYHUQDQFH�LQGLFDWRUV
GLUHFWO\�WR�WKH�PHDVXUHV�RI�SUHFLVLRQ�RI�WKH�DJJUHJDWH�LQGLFDWRUV�

(VWLPDWHV�RI�*RYHUQDQFH

2XU�PDLQ�ILQGLQJ�LV�WKDW�WKH�DYDLODEOH�GDWD�GR�QRW�SHUPLW�YHU\�SUHFLVH�HVWLPDWHV�RI
JRYHUQDQFH���:H�LOOXVWUDWH�WKLV�SRLQW�LQ�)LJXUH����,Q�HDFK�RI�WKH�WKUHH�SDQHOV�RI�)LJXUH���
ZH�RUGHU�FRXQWULHV�RQ�WKH�KRUL]RQWDO�D[LV�E\�WKHLU�HVWLPDWH�RI�JRYHUQDQFH��DQG�RQ�WKH
YHUWLFDO�D[LV�ZH�SORW�WKH�FRUUHVSRQGLQJ�SRLQW�HVWLPDWH�RI�JRYHUQDQFH��L�H��WKH�FRQGLWLRQDO
H[SHFWDWLRQ�RI�J�M��JLYHQ�WKH�REVHUYHG�GDWD�IRU�FRXQWU\�M��DQG�D����SHUFHQW�FRQILGHQFH
LQWHUYDO�DURXQG�WKLV�SRLQW�HVWLPDWH��L�H��WKH��WK�DQG���WK�SHUFHQWLOHV�RI�WKH�FRQGLWLRQDO
GLVWULEXWLRQ�RI�JRYHUQDQFH�IRU�HDFK�FRXQWU\�M���7KH�VL]H�RI�WKHVH�FRQILGHQFH�LQWHUYDOV
YDULHV�E\�FRXQWU\��UHIOHFWLQJ�WKH�IDFW�WKDW�GLIIHUHQW�FRXQWULHV�DSSHDU�LQ�GLIIHUHQW�QXPEHUV
RI�VRXUFHV��DQG�WKDW�GLIIHUHQW�FRXQWULHV�DSSHDU�LQ�GLIIHUHQW�VHWV�VRXUFHV�RI�GLIIHULQJ
SUHFLVLRQ��7R�SURYLGH�D�VHQVH�RI�WKH�GLVSHUVLRQ�LQ�WKH�SRLQW�HVWLPDWHV�RI�JRYHUQDQFH��WKH
WKUHH�KRUL]RQWDO�OLQHV�LQ�HDFK�JUDSK�GHOLQHDWH�WKH�TXDUWLOHV�RI�WKH�GLVWULEXWLRQ�RI�WKH�SRLQW
HVWLPDWHV�RI�JRYHUQDQFH�IRU�HDFK�FOXVWHU�

7KH�PRVW�VWULNLQJ�IHDWXUH�RI�)LJXUH���LV�WKDW�WKHVH�FRQILGHQFH�LQWHUYDOV�DUH�ODUJH
UHODWLYH�WR�WKH�XQLWV�LQ�ZKLFK�JRYHUQDQFH�LV�PHDVXUHG���)RU�H[DPSOH��IRU�D�W\SLFDO�FRXQWU\
WKH�VWDQGDUG�GHYLDWLRQ�RI�WKH�FRQGLWLRQDO�PHDQ�RI�UXOH�RI�ODZ�RU�JUDIW�LV�DURXQG������VR
WKDW�D�W\SLFDO�����FRQILGHQFH�LQWHUYDO�H[WHQGV�����DERYH�DQG�EHORZ�WKH�SRLQW�HVWLPDWH�RI
JUDIW���,Q�WKH�FDVH�RI�JRYHUQPHQW�HIIHFWLYHQHVV��WKH�VWDQGDUG�GHYLDWLRQ�RI�WKH�FRQGLWLRQDO
PHDQ�LV�RQ�DYHUDJH�VOLJKWO\�ODUJHU�DQG�HTXDO�WR�������VR�WKDW�D�����FRQILGHQFH�LQWHUYDO
H[WHQGV������DERYH�DQG�EHORZ�WKH�SRLQW�HVWLPDWH�RI�UXOH�RI�ODZ���7KHVH�FRQILGHQFH
LQWHUYDOV�DUH�ODUJH�LQ�WKH�VHQVH�WKDW�WKH\�DUH�FRPSDUDEOH�LQ�VL]H�WR�WKH�HQWLUH�LQWHUTXDUWLOH
UDQJH�RI�WKH�GLVWULEXWLRQ�RI�HVWLPDWHV�RI�JRYHUQDQFH���0RUHRYHU��LW�VKRXOG�EH�QRWHG�WKDW
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WKHVH�FRQILGHQFH�LQWHUYDOV�GR�QRW�UHIOHFW�WKH�VDPSOLQJ�YDULDWLRQ�LQ�WKH�SRLQW�HVWLPDWHV�RI
WKH�XQNQRZQ�SDUDPHWHUV�a�N���b�N��DQG�se�N����,I�WKLV�XQFHUWDLQW\�ZHUH�DOVR�WDNHQ�LQWR
DFFRXQW��WKH�VWDQGDUG�HUURUV�ZRXOG�EH�HYHQ�ODUJHU�

7KH�SDUDPHWHU�HVWLPDWHV�UHSRUWHG�LQ�7DEOH���UHYHDO�VRPH�LQWHUHVWLQJ�GLIIHUHQFHV
DFURVV�LQGLFDWRUV���7R�LQWHUSUHW�WKH�HVWLPDWHV�RI�WKH�a�N�V�DQG�b�N�V��QRWH�WKDW�RXU
DVVXPSWLRQ�RI�D�VWDQGDUG�QRUPDO�GLVWULEXWLRQ�IRU�JRYHUQDQFH�LPSOLHV�WKDW�WKH�YDVW
PDMRULW\�RI�FRXQWULHV�ZLOO�KDYH�JRYHUQDQFH�UDQJLQJ�IURP�±��WR�����6LQFH�WKH�REVHUYHG
GDWD�UDQJH�IURP�]HUR�WR�RQH��RQH�PLJKW�H[SHFW�WKDW�D�UHSUHVHQWDWLYH�LQGLFDWRU�ZRXOG
KDYH�a�N� ����DQG�b�N� �������,QWHUHVWLQJO\��WKHUH�DUH�VLJQLILFDQW�GHSDUWXUHV�IURP�WKLV
EHQFKPDUN���6HYHUDO�LQGLFDWRUV��H�J��:'5��KDYH�HVWLPDWHG�YDOXHV�RI�b�N��VXEVWDQWLDOO\
ORZHU�WKDQ�WKLV�EHQFKPDUN��DQG�KLJKHU�YDOXHV�RI�a�N���LQGLFDWLQJ�WKDW�WKH\�GR�QRW�XVH�WKH
HQWLUH�UDQJH�RI�SRVVLEOH�VFRUHV���7KHUH�LV�DOVR�D�JUHDW�GHDO�RI�YDULDWLRQ�LQ�WKH�HVWLPDWHV
RI�WKH�VWDQGDUG�GHYLDWLRQ�RI�WKH�HUURUV�RQ�HDFK�LQGLYLGXDO�LQGLFDWRU��se�N���VXJJHVWLQJ�WKDW
WKH�SUHFLVLRQ�ZLWK�ZKLFK�LQGLYLGXDO�VRXUFHV�PHDVXUH�JRYHUQDQFH�YDULHV�ZLGHO\�

$VVHVVLQJ�&URVV�&RXQWU\�'LIIHUHQFHV�LQ�*RYHUQDQFH

$Q�DGYDQWDJH�RI�WKLV�PHWKRGRORJ\�LV�WKDW�LW�SHUPLWV�VWUDLJKWIRUZDUG�WHVWV�RI
K\SRWKHVHV�UHJDUGLQJ�FURVV�FRXQWU\�GLIIHUHQFHV�LQ�JRYHUQDQFH���+RZHYHU��WKH�ODUJH�VL]H
RI�WKH�FRQILGHQFH�LQWHUYDOV�GRFXPHQWHG�LQ�)LJXUH���VXJJHVWV�WKDW�LW�ZLOO�EH�GLIILFXOW�WR�ILQG
VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�LQ�JRYHUQDQFH�EHWZHHQ�PDQ\�SDLUV�RI�FRXQWULHV���:H
LOOXVWUDWH�WKLV�SRLQW�ZLWK�WZR�VLPSOH�H[HUFLVHV��6XSSRVH�ILUVW�WKDW�IRU�HDFK�RI�WKH�WKUHH
DVSHFWV�RI�JRYHUQDQFH��ZH�ZDQW�WR�JURXS�FRXQWULHV�LQWR�TXDUWLOHV�DFFRUGLQJ�WR�WKHLU�OHYHO
RI�JRYHUQDQFH���$�QDWXUDO�ZD\�WR�GR�WKLV�LV�WR�JURXS�FRXQWULHV�DFFRUGLQJ�WR�WKHLU�SRLQW
HVWLPDWHV�RI�JRYHUQDQFH��L�H��DFFRUGLQJ�WR�WKH�PHDQ�RI�WKH�FRQGLWLRQDO�GLVWULEXWLRQ�RI
JRYHUQDQFH�LQ�HDFK�FRXQWU\���0RUHRYHU��D�QDWXUDO�ZD\�WR�DVVHVV�WKH�FRQILGHQFH�ZLWK
ZKLFK�FRXQWULHV�DUH�DVVLJQHG�WR�TXDUWLOHV�LV�WR�FRQVLGHU�WKH�FRUUHVSRQGLQJ����
FRQILGHQFH�LQWHUYDOV�VKRZQ�LQ�)LJXUH�����,Q�SDUWLFXODU��LI�WKH�����FRQILGHQFH�LQWHUYDO�IRU�D
FRXQWU\�IDOOV�HQWLUHO\�ZLWKLQ�D�JLYHQ�TXDUWLOH��WKH�SUREDELOLW\�WKDW�WKLV�FRXQWU\�LQ�IDFW
EHORQJV�LQ�DQRWKHU�TXDUWLOH�LV�OHVV�WKDQ�������)RU�D�VPDOO�JURXS�RI�FRXQWULHV�DW�HDFK�HQG
RI�WKH�GLVWULEXWLRQ�RI�JRYHUQDQFH��ZH�FDQ�FRQFOXGH�ZLWK�D�JUHDW�GHDO�RI�FRQILGHQFH�WKDW
WKHVH�FRXQWULHV�DUH�LQ�IDFW�LQ�WKH�WRS�DQG�ERWWRP�TXDUWLOHV���+RZHYHU��IRU�WKH�PLGGOH
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TXDUWLOHV�WKH�VLWXDWLRQ�LV�PXFK�OHVV�FOHDU��DV�YHU\�IHZ�FRXQWULHV¶�����FRQILGHQFH�LQWHUYDOV
OLH�HQWLUHO\�ZLWKLQ�D�JLYHQ�TXDUWLOH��IRU�HDFK�RI�WKH�WKUHH�DVSHFWV�RI�JRYHUQDQFH�

&OHDUO\��WKH�QXPEHU�RI�FRXQWULHV�ZH�FDQ�DVVLJQ�WR�D�SDUWLFXODU�TXDUWLOH�XVLQJ�WKLV�UXOH
GHSHQGV�RQ�WKH�VL]H�RI�WKH�FRQILGHQFH�LQWHUYDO���,I�ZH�LQVWHDG�FRQVLGHU�VKRUWHU
FRQILGHQFH�LQWHUYDOV��VXFK�DV�����RU�����LQWHUYDOV��ZH�FDQ�EHWWHU�GLVFULPLQDWH�DPRQJ
FRXQWULHV��DOEHLW�ZLWK�ORZHU�FRQILGHQFH���:H�H[SORUH�WKLV�SRVVLELOLW\�LQ�7DEOH����ZKHUH�ZH
UHSRUW�WKH�SURSRUWLRQ�RI�DOO�FRXQWULHV�IRU�ZKLFK�DQ�[��FRQILGHQFH�LQWHUYDO�IDOOV�HQWLUHO\
ZLWKLQ�WKH�LQGLFDWHG�TXDUWLOH��IRU�WKH�WKUHH�JRYHUQDQFH�DJJUHJDWHV�LQ�WXUQ���:H�FRQVLGHU
WKUHH�SRVVLELOLWLHV��[ �����[ ����DQG�[ ������$W�DOO�VLJQLILFDQFH�OHYHOV��D�VXEVWDQWLDO
IUDFWLRQ�RI�FRXQWULHV�LQ�WKH�WRS�DQG�ERWWRP�TXDUWLOHV�FDQ�EH�FOHDUO\�LGHQWLILHG�DV�EHORQJLQJ
LQ�WKHVH�JURXSV���$V�WKH�VL]H�RI�WKH�FRQILGHQFH�LQWHUYDO�GHFOLQHV��PRUH�DQG�PRUH
FRXQWULHV�FDQ�EH�VLJQLILFDQWO\�DVVLJQHG�WR�TXDUWLOHV���1HYHUWKHOHVV��HYHQ�DW�YHU\�ORZ
VLJQLILFDQFH�OHYHOV��RQO\�RQH�TXDUWHU�WR�RQH�KDOI�RI�WKH�FRXQWULHV�LQ�WKH�PLGGOH�WZR
TXDUWLOHV�KDYH�FRQILGHQFH��LQWHUYDOV�O\LQJ�HQWLUHO\�ZLWKLQ�WKHLU�UHVSHFWLYH�TXDUWLOHV�

$ UHODWHG�LVVXH�LV�WKH�VLJQLILFDQFH�RI�SDLUZLVH�GLIIHUHQFHV�LQ�JRYHUQDQFH���,Q
SDUWLFXODU��IRU�HYHU\�SDLU�RI�FRXQWULHV�LQ�ZKLFK�RXU�SRLQW�HVWLPDWH�RI�JRYHUQDQFH�LQ
FRXQWU\�M�LV�JUHDWHU�WKDQ�LQ�FRXQWU\��M¶��ZH�FDQ�LQYHVWLJDWH�WKH�K\SRWKHVLV�WKDW�FRXQWU\�M�LQ
IDFW�KDV�EHWWHU�JRYHUQDQFH�E\�FRPSXWLQJ�WKH�SUREDELOLW\�WKDW�J�M�!J�M¶��� )RU�FRXQWULHV
ZLWK�VLPLODU�SRLQW�HVWLPDWHV�RI�JRYHUQDQFH��WKLV�SUREDELOLW\�ZLOO�EH�FORVH�WR������ZKLOH�IRU
FRXQWULHV�IDU�DSDUW�LQ�WKH�GLVWULEXWLRQ�RI�JRYHUQDQFH��WKLV�SUREDELOLW\�ZLOO�DSSURDFK�RQH�
7R�LOOXVWUDWH�WKLV�SRLQW�V\VWHPDWLFDOO\��IRU�HDFK�FRXQWU\�M�LQ�WKH�VDPSOH��ZH�FRPSXWH�WKH
SUREDELOLW\�WKDW��FRQGLWLRQDO�RQ�WKH�REVHUYHG�GDWD�IRU�FRXQWULHV�M�DQG�M¶���J�M�!J�M¶��IRU�HYHU\
FRPSDUDWRU�FRXQWU\�M¶���:H�WKHQ�FRPSXWH�WKH�SURSRUWLRQ�RI�FRPSDUDWRU�FRXQWULHV�IRU
ZKLFK�WKLV�SUREDELOLW\�LV�EHWZHHQ����DQG�������7KLV�LV�DQDORJRXV�WR�FRXQWLQJ�WKH
QXPEHU�RI�FRPSDUDWRU�FRXQWULHV�IRU�ZKLFK�D�FRQYHQWLRQDO�WHVW�DW�WKH�����VLJQLILFDQFH
OHYHO�RI�WKH�QXOO�K\SRWKHVLV�WKDW�JRYHUQDQFH�LV�WKH�VDPH�LQ�WKHVH�WZR�FRXQWULHV�FDQQRW�EH
UHMHFWHG��:H�VXPPDUL]H�WKH�UHVXOWV�RI�WKHVH�SDLUZLVH�FRPSDULVRQV�LQ�)LJXUH������:H
DJDLQ�RUGHU�FRXQWULHV�LQ�DVFHQGLQJ�RUGHU�DFFRUGLQJ�WR�WKHLU�SRLQW�HVWLPDWHV�RI
JRYHUQDQFH�RQ�WKH�KRUL]RQWDO�D[LV��DQG�ZH�SORW�WKLV�SURSRUWLRQ�RI�FRPSDUDWRU�FRXQWULHV
� 6LQFH�WKH�J�M�_\�M��DQG�J�M¶�_\�M¶��DUH�MRLQWO\�QRUPDO�DQG�LQGHSHQGHQW�E\�DVVXPSWLRQ��WKLV�FDOFXODWLRQ�LQYROYHV
D VWUDLJKWIRUZDUG�LQWHJUDWLRQ�RI�WKH�DUHD�XQGHU�D�ELYDULDWH�QRUPDO�SUREDELOLW\�GHQVLW\�IXQFWLRQ�
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DV�GDUN�SRLQWV�RQ�WKH�YHUWLFDO�D[LV���:H�DOVR�UHSHDW�WKH�H[HUFLVH��EXW�LQVWHDG�UHSRUW�WKH
ODUJHU�SURSRUWLRQ�RI�FRXQWULHV�IRU�ZKLFK�WKLV�SUREDELOLW\�LV�EHWZHHQ�����DQG������ZKLFK
FRUUHVSRQGV�WR�D�WHVW�DW�WKH�����VLJQLILFDQFH�OHYHO���7KLV�SURSRUWLRQ�LV�VKRZQ�DV�D�OLJKW
GRW�LQ�)LJXUH���

1RW�VXUSULVLQJO\��DW�WKH�WZR�HQGV�RI�WKH�GLVWULEXWLRQ�WKHUH�DUH�VLJQLILFDQW�GLIIHUHQFHV
EHWZHHQ�WKH�OHYHO�RI�JRYHUQDQFH�LQ�WKHVH�FRXQWULHV�DQG�PRVW�RWKHU�FRXQWULHV��HVSHFLDOO\
DW�WKH�����VLJQLILFDQFH�OHYHO��+RZHYHU��WKHUH�LV�DOVR�D�VWURQJ�LQYHUWHG�8�VKDSHG�SDWWHUQ
LQ�WKLV�JUDSK��UHIOHFWLQJ�WKH�IDFW�WKDW�D�ODUJH�IUDFWLRQ�RI�FRXQWULHV�DUH�FOXVWHUHG�QHDU�WKH
PLGGOH�RI�WKH�GLVWULEXWLRQ�RI�HVWLPDWHG�JRYHUQDQFH��DQG�LW�LV�UHODWLYHO\�GLIILFXOW�WR
GLVWLQJXLVK�DPRQJ�VXFK�FRXQWULHV���,Q�SDUWLFXODU��IRU�WKH�³W\SLFDO´�FRXQWU\�DURXQG�WKH
PLGGOH�RI�WKH�GLVWULEXWLRQ�RI�JRYHUQDQFH��JRYHUQDQFH�LV�QRW�VLJQLILFDQWO\�GLIIHUHQW�IURP
QHDUO\�KDOI�RI�DOO�RWKHU�FRXQWULHV�LQ�WKH�ZRUOG��DW�FRQYHQWLRQDO�VLJQLILFDQFH�OHYHOV�

,QWXLWLRQV

2XU�ILQGLQJ�WKDW�JRYHUQDQFH�LV�LPSUHFLVHO\�PHDVXUHG�LV�VRPHZKDW�VXUSULVLQJ�
$IWHU�DOO��LQ�6HFWLRQ���ZH�GRFXPHQWHG�WKDW�IDFW�WKDW�WKH�SDLUZLVH�FRUUHODWLRQV�DPRQJ
YDULRXV�JRYHUQDQFH�LQGLFDWRUV�DUH�VXEVWDQWLDO��DQG�WKH�LGHQWLI\LQJ�DVVXPSWLRQ�RI
LQGHSHQGHQW�HUURUV�DFURVV�LQGLFDWRUV�LPSOLHV�WKDW�WKH�RQO\�VRXUFH�RI�WKLV�REVHUYHG�KLJK
FRUUHODWLRQ�DPRQJ�LQGLFDWRUV�LV�WKH�XQREVHUYHG�FRPPRQ�FRPSRQHQW�RI�JRYHUQDQFH�
2QH�PLJKW�WKHUHIRUH�HDVLO\�FRQFOXGH�WKDW�JRYHUQDQFH�LV�TXLWH�ZHOO�PHDVXUHG�DQG�WKDW�LW
LV�VWUDLJKWIRUZDUG�WR�GLVWLQJXLVK�DPRQJ�FRXQWULHV¶�JRYHUQDQFH�XVLQJ�WKLV�GDWD���:H�QRZ
LOOXVWUDWH�ZK\�WKLV�LQWXLWLRQ�LV�PLVOHDGLQJ��XQOHVV�WKH�FRUUHODWLRQV�LQ�WKH�REVHUYHG�GDWD�DUH
YHU\�KLJK�LQGHHG�

$V�D�VSHFLILF�H[DPSOH��VXSSRVH�WKDW�WKHUH�DUH�RQO\�WKUHH�UHSUHVHQWDWLYH
LQGLFDWRUV�DVVRFLDWHG�ZLWK�D�SDUWLFXODU�JRYHUQDQFH�FRQFHSW��L�H��. ���DQG�WKDW�WKH
SDLUZLVH�FRUUHODWLRQV�DPRQJ�WKH�REVHUYHG�VFRUHV�DUH�DOO�HTXDO�WR�r� ,W�LV�VWUDLJKWIRUZDUG
WR�VKRZ�WKDW�LQ�WKLV�FDVH��WKH�HVWLPDWHG�YDULDQFH�RI�WKH�UHVLGXDO�ZLOO�EH�s r

re �N�� �= -
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IRU�HDFK�RI�WKH�VXUYH\V�N ������� ,QVHUWLQJ�WKLV�LQWR�(TXDWLRQ������WKH�YDULDQFH�RI�WKH
DJJUHJDWH�JRYHUQDQFH�LQGLFDWRU�EDVHG�RQ�WKLV�K\SRWKHWLFDO�GDWD�ZLOO�EH�WKH�VDPH�IRU
HDFK�FRXQWU\�DQG�LV�HTXDO�WR� 9 J M \ M> � �_ � �@ = -

+ ¼
�
� �

r
r � 7R�JLYH�DQ�LGHD�RI�WKH�PDJQLWXGH

RI�WKH�FRUUHVSRQGLQJ�����FRQILGHQFH�LQWHUYDOV��ZH�VXSHULPSRVH�WKHP�RQ�WKH
K\SRWKHWLFDO�GLVWULEXWLRQ�RI�JRYHUQDQFH�LQ�WKH�XSSHU�SDQHO�RI�)LJXUH����IRU�YDULRXV�YDOXHV
RI�r� $V�r LQFUHDVHV��WKH�FRQILGHQFH�LQWHUYDOV�EHFRPH�VKRUWHU���+RZHYHU��IRU�WKH
FRUUHODWLRQV�RI�DURXQG������W\SLFDOO\�REVHUYHG�LQ�RXU�JRYHUQDQFH�GDWD��WKLV�FRQILGHQFH
LQWHUYDO�UHPDLQV�ODUJH�UHODWLYH�WR�WKH�XQLWV�LQ�ZKLFK�JRYHUQDQFH�LV�PHDVXUHG�

,Q�WKH�ORZHU�SDQHO�RI�)LJXUH����ZH�UHODWH�WKLV�WR�WKH�VLJQLILFDQFH�RI�FURVV�FRXQWU\
FRPSDULVRQV���$�VLPSOH�VXPPDU\�VWDWLVWLF�LV�WKH�SURSRUWLRQ�RI�FRXQWULHV�ZKRVH�WUXH�OHYHO
RI�JRYHUQDQFH�OLHV�ZLWKLQ�WKH�����FRQILGHQFH�LQWHUYDO�RI�D�SDUWLFXODU�FRXQWU\���7KLV
SURSRUWLRQ�ZLOO�GHSHQG�RQ�WKH�ORFDWLRQ�RI�WKH�UHIHUHQFH�FRXQWU\��DQG�RQ�WKH�FRUUHODWLRQV�LQ
WKH�REVHUYHG�GDWD���:H�SORW�WKLV�SURSRUWLRQ�IRU�WKH�PHGLDQ�FRXQWU\�DQG�WKH�FRXQWU\�DW�WKH
ILUVW�TXDUWLOH�RI�WKH�GLVWULEXWLRQ�RI�JRYHUQDQFH��IRU�YDULRXV�YDOXHV�RI�r� )RU�WKH�REVHUYHG
FRUUHODWLRQ�RI�LQGLFDWRUV�RI�DURXQG�������WKH�����FRQILGHQFH�LQWHUYDO�DURXQG�WKH�SRLQW
HVWLPDWH�RI�JRYHUQDQFH�IRU�WKH�PHGLDQ�FRXQWU\�HQFRPSDVVHV�WKH�WUXH�OHYHO�RI
JRYHUQDQFH�LQ�DERXW�KDOI�RI�DOO�RWKHU�FRXQWULHV�LQ�WKH�ZRUOG��DQG�VRPHZKDW�OHVV�IRU�D
FRXQWU\�DW�WKH�ILUVW�TXDUWLOH���2QO\�LI�WKH�REVHUYHG�FRUUHODWLRQV�DUH�YHU\�ODUJH�LV�LW�SRVVLEOH
WR�GLVWLQJXLVK�WKH�PHGLDQ�FRXQWU\�IURP�PRVW�RWKHU�FRXQWULHV�ZLWK�D�KLJK�GHJUHH�RI
FRQILGHQFH�

� 7R�VHH�WKLV��LW�LV�RQO\�QHFHVVDU\�WR�VROYH�WKH�V\VWHP�RI�QLQH�HTXDWLRQV�UHODWLQJ�WKH�WKUHH�VDPSOH�PHDQV�DQG
WKH�VL[�XQLTXH�HOHPHQWV�RI�WKH�VDPSOH�FRYDULDQFH�PDWUL[�RI�WKH�LQGLFDWRUV�WR�WKHLU�SRSXODWLRQ�FRXQWHUSDUWVDQG�VROYH�IRU�WKH�XQNQRZQ�SDUDPHWHUV�



��

���([WHQVLRQV

,Q�WKLV�VHFWLRQ�ZH�FRQVLGHU�KRZ�RXU�UHVXOWV�GHSHQG�RQ�WKUHH�DVVXPSWLRQV
XQGHUO\LQJ�WKH�XQREVHUYHG�FRPSRQHQWV�PRGHO�RI�WKH�SUHYLRXV�VHFWLRQV��WKDW�WKH
GLVWXUEDQFHV�DUH�LQGHSHQGHQW�DFURVV�LQGLFDWRUV��WKDW�WKH�PDSSLQJ�IURP�XQREVHUYHG
JRYHUQDQFH�LQWR�REVHUYHG�GDWD�LV�OLQHDU��DQG�WKDW�WKH�GLVWULEXWLRQ�RI�XQREVHUYHG
JRYHUQDQFH�LV�QRUPDO���:H�ILQG�WKDW�WKH�ILUVW�WZR�DVVXPSWLRQV�LI�DQ\WKLQJ�RYHUVWDWH�WKH
SUHFLVLRQ�ZLWK�ZKLFK�JRYHUQDQFH�LV�PHDVXUHG���5HOD[LQJ�WKH�WKLUG�DVVXPSWLRQ�GRHV�QRW
PDWHULDOO\�DIIHFW�RXU�UHVXOWV�

&RUUHODWHG�'LVWXUEDQFHV

,Q�WKH�SUHYLRXV�VHFWLRQ�ZH�DVVXPHG�WKDW�WKH�GLVWXUEDQFHV�e�M�N��ZHUH
LQGHSHQGHQW�DFURVV�LQGLFDWRUV���,QWXLWLYHO\��WKLV�DVVXPSWLRQ�DOORZHG�XV�WR�DWWULEXWH�DOO�RI
WKH�REVHUYHG�FRUUHODWLRQ�RI�VFRUHV�DFURVV�LQGLFDWRUV�WR�WKH�FRPPRQ�FRPSRQHQW�RI
JRYHUQDQFH�J�M���DQG�KHQFH�SHUPLWWHG�XV�WR�LGHQWLI\�WKH�SRUWLRQ�RI�WKH�YDULDWLRQ�LQ�VFRUHV
DFURVV�FRXQWULHV�ZLWKLQ�HDFK�LQGLFDWRU�GXH�WR�PHDVXUHPHQW�HUURU���$�FRQVHTXHQFH�RI�WKLV
DVVXPSWLRQ�LV�WKDW�DQ\�LQGLFDWRU�ZKLFK�LV�QRW�YHU\�FRUUHODWHG�ZLWK�WKH�RWKHUV�ZDV
LQWHUSUHWHG�DV�KDYLQJ�D�ODUJH�UHVLGXDO�YDULDQFH�

$OWKRXJK�XVHIXO��WKH�DVVXPSWLRQ�WKDW�WKH�HUURUV�DUH�LQGHSHQGHQW�DFURVV
LQGLFDWRUV�PD\�QRW�EH�YDOLG��IRU�DW�OHDVW�WKUHH�UHDVRQV���)LUVW��LQ�WKH�FDVH�RI��SROOV�RI
H[SHUWV��LW�LV�SRVVLEOH�WKDW�WKH�SHUFHSWLRQV�RI�H[SHUWV�ZKR�UDQN�FRXQWULHV�RQ�D�SDUWLFXODU
LQGLFDWRU�DUH�LQIOXHQFHG�E\�WKHLU�NQRZOHGJH�RI�FRXQWULHV¶�UDQNLQJV�RQ�RWKHU�LQGLFDWRUV�
6HFRQG��WKH�HUURUV�LQ�VXUYH\V�RI�UHVLGHQWV�PLJKW�EH�FRUUHODWHG�DFURVV�FRXQWULHV�LI
UHVLGHQWV�RI�D�SDUWLFXODU�FRXQWU\�KDYH�D�WHQGHQF\�WR�V\VWHPDWLFDOO\�RYHUVWDWH�UHJXODWRU\
DQG�JRYHUQDQFH�REVWDFOHV��GXH�WR�D�EURDG�EDVHG��SUHGLVSRVLWLRQ�WR�UHSRUW�D�ZRUVH
VLWXDWLRQ�WKDQ�LV�REMHFWLYHO\�ZDUUDQWHG���� )LQDOO\��LW�LV�SRVVLEOH�WKDW�SHUFHSWLRQV�RI
JRYHUQDQFH�IURP�YDULRXV�LQGLFDWRUV�DUH�XQGXO\�LQIOXHQFHG�E\�D�VLQJOH�HYHQW��VXFK�DV�D
KLJK�SURILOH�VFDQGDO�ZKLFK�LV�QRW�UHSUHVHQWDWLYH�RI�WKH�OHYHO�RI�JUDIW�LQ�WKDW�FRXQWU\�

���6HH�.DXIPDQ�DQG�=RLGR�/REDWyQ��������
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$OWKRXJK�LW�LV�QRW�SRVVLEOH�WR�VWDWLVWLFDOO\�LGHQWLI\�WKH�FRUUHODWLRQ�RI�WKH
GLVWXUEDQFHV�DFURVV�VRXUFHV��LW�LV�VWUDLJKWIRUZDUG�WR�VHH�WKH�FRQVHTXHQFHV�RI�SRVLWLYHO\�
FRUUHODWHG�HUURUV�IRU�RXU�UHVXOWV��,I�WKH�HUURUV�DUH�FRUUHODWHG�DFURVV�LQGLFDWRUV��HDFK
DGGLWLRQDO�LQGLFDWRU�FRQWULEXWHV�OHVV�LQIRUPDWLRQ�WR�RXU�HVWLPDWH�RI�JRYHUQDQFH���7KLV�ZLOO
EH�UHIOHFWHG�LQ�WKH�YDULDQFH�RI�WKH�FRQGLWLRQDO�GLVWULEXWLRQ�RI�JRYHUQDQFH�LQ�HDFK�FRXQWU\�
,Q�SDUWLFXODU��LW�LV�VWUDLJKWIRUZDUG�WR�VKRZ�WKDW�KROGLQJ�FRQVWDQW�WKH�YDULDQFH�RI�WKH
UHVLGXDOV�RQ�HDFK�LQGLFDWRU��WKH�YDULDQFH�RI�WKH�FRQGLWLRQDO�GLVWULEXWLRQ�RI�JRYHUQDQFH�LV
LQFUHDVLQJ�LQ�WKH�FRUUHODWLRQ�EHWZHHQ�WKH�HUURUV�RQ�DQ\�WZR�LQGLFDWRUV���

:H�LOOXVWUDWH�WKH�SUDFWLFDO�FRQVHTXHQFHV�RI�WKLV�REVHUYDWLRQ�LQ�7DEOH�����)RU�HDFK
RI�WKH�WKUHH�DJJUHJDWH�LQGLFDWRUV��ZH�UH�HVWLPDWH�WKH�YDULDQFH�RI�WKH�FRQGLWLRQDO
GLVWULEXWLRQ�RI�JRYHUQDQFH��LPSRVLQJ�D�UDQJH�RI�DVVXPSWLRQV�RQ�WKH�FRUUHODWLRQ�RI�WKH
GLVWXUEDQFHV���)RU�WKH�SXUSRVHV�RI�WKLV�H[DPSOH��ZH�UHVWULFW�RXUVHOYHV�WR�D�VHW�RI�WKUHH
UHSUHVHQWDWLYH�LQGLFDWRUV��(,8��'5,�DQG�356���DQG�DOVR�WR�WKH�VHW�RI�DERXW�����FRXQWULHV
ZKLFK�DSSHDU�LQ�DOO�WKUHH�LQGLFDWRUV����$V�WKH�DVVXPHG�FRUUHODWLRQ�DPRQJ�WKH�HUURUV�ULVHV
IURP���WR������WKH�DJJUHJDWH�JRYHUQDQFH�LQGLFDWRUV�EHFRPH�OHVV�SUHFLVH��DOWKRXJK�WKH
PDJQLWXGH�RI�WKH�HIIHFW�GHSHQGV�RQ�WKH�LQGLFDWRU��VLQFH�WKH�HVWLPDWHG�YDULDQFHV�RI�WKH
GLVWXUEDQFHV�FKDQJH�DV�ZHOO����,Q�WKH�FDVH�RI�JRYHUQPHQW�HIIHFWLYHQHVV��WKH�VWDQGDUG
HUURU�RI�WKH�DJJUHJDWH�LQFUHDVHV�RQO\�VOLJKWO\��IURP������WR��������,Q�FRQWUDVW��IRU�UXOH�RI
ODZ�WKH�VWDQGDUG�HUURU�GRXEOHV�IURP������WR������

,W�LV�GLIILFXOW�WR�DGHTXDWHO\�DGGUHVV�WKH�SUREOHP�RI�FRUUHODWHG�GLVWXUEDQFHV�VLPSO\
EHFDXVH�LW�LV�QRW�SRVVLEOH�WR�VHSDUDWHO\�LGHQWLI\�WKH�FRUUHODWLRQV�EHWZHHQ�WKH�HUURUV�
1HYHUWKHOHVV��LW�LV�XVHIXO�WR�UHDOL]H�WKDW�WKH�HVWLPDWHG�VWDQGDUG�HUURUV�DVVRFLDWHG�ZLWK
SRLQW�HVWLPDWHV�RI�JRYHUQDQFH�DUH�OLNHO\�WR�EH�VXEVWDQWLDOO\�XQGHUVWDWHG�XQGHU�WKH
DVVXPSWLRQ�RI�LQGHSHQGHQW�HUURUV���7KLV�UHLQIRUFHV�RXU�DUJXPHQW�RI�WKH�SUHYLRXV�VHFWLRQ
WKDW�FURVV�FRXQWU\�FRPSDULVRQV�RI�WKH�OHYHO�RI�JRYHUQDQFH�VKRXOG�EH�PDGH�ZLWK�FDXWLRQ�
���,I�WKH�SRVLWLYH�FRUUHODWLRQV�EHWZHHQ�WKH�UHVLGXDOV�GLIIHU�DFURVV�SDLUV�RI�LQGLFDWRUV��WKH�UHODWLYH�PDJQLWXGHV
RI�WKH�HVWLPDWHG�YDULDQFHV�ZLOO�DOVR�EH�DIIHFWHG��,Q�SDUWLFXODU��VXSSRVH�WKDW�WZR�LQGLFDWRUV�RI�EXUHDXFUDWLFTXDOLW\�DUH�KLJKO\�FRUUHODWHG�ZLWK�HDFK�RWKHU��EXW�QRW�YHU\�FRUUHODWHG�ZLWK�WKH�WKLUG���,Q�WKH�SUHYLRXV�VHFWLRQZH�DVVXPHG�WKDW�WKH�HUURUV�ZHUH�LQGHSHQGHQW��DQG�VR�WKH�KLJK�FRUUHODWLRQ�EHWZHHQ�WKH�ILUVW�WZR�LQGLFDWRUV
LPSOLHG�WKDW�WKH�YDULDQFH�RI�WKH�HUURUV�ZDV�VPDOO�RQ�WKHVH�LQGLFDWRUV�UHODWLYH�WR�WKH�WKLUG���+RZHYHU��LI�ZHNQHZ�WKDW�WKH�KLJK�FRUUHODWLRQ�EHWZHHQ�WKH�ILUVW�WZR�LQGLFDWRUV�ZDV�GXH�WR�FRUUHODWHG�HUURUV��WKHQ�WKHHVWLPDWHG�YDULDQFHV�RQ�WKHVH�LQGLFDWRUV�ZRXOG�EH�ODUJH�UHODWLYH�WR�WKDW�RI�WKH�WKLUG�LQGLFDWRU���$V�D�UHVXOW��WKHUHODWLYH�UDQNLQJV�RI�FRXQWULHV�PLJKW�DOVR�EH�DIIHFWHG�
��:H�GR�WKLV�RQO\�IRU�VLPSOLFLW\��VLQFH�LW�DOORZV�XV�WR�UHSRUW�MXVW�RQH�VWDQGDUG�HUURU�SHU�DJJUHJDWH��ZKLFK�LV
WKH�VDPH�IRU�DOO�FRXQWULHV�
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1RQ�/LQHDULWLHV

,Q�WKH�SUHYLRXV�VHFWLRQ�ZH�DVVXPHG�WKDW�WKH�UHODWLRQVKLS�EHWZHHQ�XQREVHUYHG
JRYHUQDQFH�DQG�REVHUYHG�LQGLFDWRU�VFRUHV�ZDV�OLQHDU���7KLV�DVVXPSWLRQ�SODFHV�VWURQJ
UHVWULFWLRQV�RQ�WKH�XQLWV�LQ�ZKLFK�JRYHUQDQFH�LV�PHDVXUHG�LQ�WKH�YDULRXV�LQGLFDWRUV�LQ�RXU
VDPSOH���)RU�H[DPSOH��FRQVLGHU�DQ�LQGLFDWRU�VXFK�DV�*DOOXS�ZKLFK�DVNV�UHVSRQGHQWV
KRZ�PDQ\�FDVHV�RI�FRUUXSWLRQ�WKHUH�DUH�DPRQJ�SXEOLF�RIILFLDOV��DQG�RIIHUV�WKH�FKRLFH�RI
IRXU�EURDG�FDWHJRULHV��³QRQH´��³D�IHZ´��³PDQ\´�DQG�³D�ORW´���2XU�REVHUYHG�GDWD�FRQVLVWV�RI
QXPHULFDO�VFRUHV�RQ�D�VFDOH�RI�RQH�WR�IRXU�FRUUHVSRQGLQJ�WR�WKHVH�FDWHJRULHV���7KH
DVVXPSWLRQ�RI�D�OLQHDU�PDSSLQJ�IURP�XQREVHUYHG�JUDIW�LQWR�REVHUYHG�VFRUHV�LPSOLHV�WKDW
WKH�GLIIHUHQFH�LQ�JUDIW�EHWZHHQ�D�FRXQWU\�ZLWK�D�VFRUH�RI���DQG�RQH�ZLWK�D�VFRUH�RI����L�H�
WKH�GLIIHUHQFH�EHWZHHQ�³D�ORW´�DQG�³PDQ\´�FDVHV�RI�FRUUXSWLRQ��LV�WKH�VDPH�DV�WKH
GLIIHUHQFH�EHWZHHQ�WZR�FRXQWULHV�ZLWK�VFRUHV�RI���DQG����L�H��WKH�GLIIHUHQFH�EHWZHHQ
³PDQ\´�DQG�³D�IHZ´����*LYHQ�WKH�VRPHZKDW�YDJXH�UHVSRQVH�FDWHJRULHV��LW�LV�QRW�DW�DOO
FOHDU�WKDW�WKH�DVVXPSWLRQ�RI�OLQHDULW\�LV�ZDUUDQWHG��0RUHRYHU��HYHQ�LI�WKHVH�FDWHJRULHV
ZHUH�HTXDOO\�VSDFHG�DFFRUGLQJ�WR�VRPH�DSSURSULDWH�PHWULF��WKH�IDFW�WKDW�WKH�REVHUYHG
GDWD�DUH�GLVFUHWH�ZKLOH�RXU�XQREVHUYHG�JRYHUQDQFH�LQGLFDWRU�LV�FRQWLQXRXV�YLRODWHV�WKH
DVVXPSWLRQ�RI�D�OLQHDU�UHODWLRQVKLS�EHWZHHQ�WKH�WZR���

)LQDOO\��WKH�PHUH�IDFW�WKDW�LQGLFDWRUV�DUH�QRQ�UHSUHVHQWDWLYH�PD\�DOVR�FRQWULEXWH
WR�D�QRQ�OLQHDU�UHODWLRQVKLS�EHWZHHQ�JRYHUQDQFH�DQG�REVHUYHG�VFRUHV���$�QXPEHU�RI�WKH
LQGLFDWRUV�LQ�RXU�VDPSOH�FRYHU�SULPDULO\�GHYHORSHG�FRXQWULHV�WRJHWKHU�ZLWK�D�IHZ
GHYHORSLQJ�FRXQWULHV���,W�LV�SRVVLEOH�WKDW�WKH�GHYHORSLQJ�FRXQWULHV�LQ�WKHVH�LQGLFDWRUV
VXIIHU�IURP�D�³FXUVH�RI�LQFOXVLRQ´�LQ�WKH�VHQVH�WKDW�WKH\�UHFHLYH�ZRUVH�VFRUHV�WKDQ�WKH\
PLJKW�RWKHUZLVH�KDYH�UHFHLYHG�VLPSO\�EHFDXVH�WKH\�DUH�LPSOLFLWO\�EHLQJ�FRPSDUHG�ZLWK
FRXQWULHV�LQ�ZKLFK�YDULRXV�DVSHFWV�RI�JRYHUQDQFH�DUH�OLNHO\�WR�EH�PXFK�EHWWHU���� )RU
H[DPSOH��UHSUHVHQWDWLYH�VXUYH\V�VXFK�DV�'5,�RU�356�DVVLJQ�PRGHUDWH�VFRUHV�RI�������

���7KH�VWUDLJKWIRUZDUG�VROXWLRQ�WR�WKLV�SUREOHP�ZRXOG�EH�WR�UHO\�RQ�DQ�RUGHUHG�PXOWLQRPLDO�FKRLFH�PRGHO�ZLWK
LQGLYLGXDO�HIIHFWV�LQ�WKH�ODWHQW�YDULDEOH����+RZHYHU��IRU�VXFK�D�PRGHO�WR�EH�LGHQWLILHG��LW�ZRXOG�DJDLQ�EH
QHFHVVDU\�WR�DVVXPH�WKDW�WKH�YDULDQFHV�RI�WKH�HUURUV�DUH�LGHQWLFDO�DFURVV�LQGLFDWRUV�
���7KLV�SUREOHP�PD\�EH�SDUWLFXODUO\�DFXWH�IRU�SROOV�RI�H[SHUWV�ZKR�FRQVLGHU�D�ODUJH�VHW�RI�FRXQWULHV�DW�RQFH�
VLQFH�LQ�FRQWUDVW�WR�VXUYH\V�RI�UHVLGHQWV��H[SHUWV�DUH�PXFK�PRUH�OLNHO\�WR�EH�DZDUH�RI�UHODWLYH�FRPSDULVRQVRI�FRXQWULHV�
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DQG�����WR�0H[LFR�IRU�JUDIW��ZKLOH�RQ�D�PXFK�OHVV�UHSUHVHQWDWLYH�VXUYH\�VXFK�DV�%(5,
ZKLFK�FRYHUV�SULPDULO\�GHYHORSHG�FRXQWULHV��0H[LFR�UHFHLYHV�D�UDWKHU�SRRU�UDWLQJ�RI�����

:KDW�FDQ�EH�GRQH�DERXW�WKHVH�QRQ�OLQHDULWLHV"��$�YHU\�JHQHUDO�VROXWLRQ�WR�WKLV
SUREOHP�PLJKW�EH�WR�FRPELQH�RQO\�WKH�RUGLQDO�LQIRUPDWLRQ�LQ�HDFK�LQGLFDWRU��L�H��WKH
UHODWLYH�UDQNLQJV�RI�FRXQWULHV�ZLWKLQ�HDFK�LQGLFDWRU���,Q�SDUWLFXODU��RQH�FDQ�WKLQN�RI�D�JLYHQ
LQGLFDWRU�DV�SURYLGLQJ�D�UDQNLQJ�RI�SDLUV�RI�FRXQWULHV�DFFRUGLQJ�WR�WKHLU�OHYHO�RI
JRYHUQDQFH���7KH�LQIRUPDWLRQ�LQ�WKH�UHODWLYH�UDQNLQJV�RI�FRXQWULHV�IURP�YDULRXV�LQGLFDWRUV
FDQ�WKHQ�EH�FRPELQHG�E\�QRWLQJ�WKDW�LI�VHYHUDO�LQGLFDWRUV�FRQVLVWHQWO\�UDQN�FRXQWU\�$�DV
KDYLQJ�EHWWHU�JRYHUQDQFH�WKDQ�FRXQWU\�%��WKLV�SURYLGHV�HYLGHQFH�WKDW�JRYHUQDQFH�LV�LQ
IDFW�EHWWHU�LQ�FRXQWU\�$�WKDQ�LQ�FRXQWU\�%��&OHDUO\��WKLV�DSSURDFK�KDV�VHYHUDO�DGYDQWDJHV�
)LUVW��LW�LV�FRPSXWDWLRQDOO\�YHU\�VLPSOH���6HFRQG��ZH�GR�QRW�KDYH�WR�NQRZ�WKH�FKRLFH�RI
XQLWV�LQ�ZKLFK�JRYHUQDQFH�LV�PHDVXUHG���RU�ZKHWKHU�LQGLFDWRUV�DUH�UHSUHVHQWDWLYH�RU�QRW�
7KLUG��LW�GRHV�QRW�UHTXLUH�DQ\�DVVXPSWLRQ�RI�OLQHDULW\�LQ�WKH�UHODWLRQVKLS�EHWZHHQ
JRYHUQDQFH�DQG�REVHUYHG�VFRUHV���+RZHYHU��WKLV�PHWKRG�ZLOO�UHVXOW�LQ�ODUJHU�VWDQGDUG
HUURUV�IRU�SDLUZLVH�FRPSDULVRQV�VLQFH�LW�GLVFDUGV�LQIRUPDWLRQ�LQ�GLIIHUHQFHV�LQ�WKH�OHYHO�RI
VFRUHV�DFURVV�FRXQWULHV�DQG�LQGLFDWRUV���

7R�LOOXVWUDWH�WKH�UHODWLYH�LPSUHFLVLRQ�RI�VXFK�DQ�RUGLQDO�DJJUHJDWH��IRU�HYHU\�SDLU�RI
FRXQWULHV�M�DQG�M¶�RQ�HYHU\�LQGLFDWRU�N��ZH�FRQVWUXFW�DQ�LQGLFDWRU�YDULDEOH�[�M�M¶�N��ZKLFK
WDNHV�WKH�YDOXH���LI�FRXQWU\�M�LV�UDQNHG�KLJKHU�WKDQ�FRXQWU\�M¶�ZLWK�UHVSHFW�WR�WKH�DVSHFW�RI
JRYHUQDQFH�FRYHUHG�E\�LQGLFDWRU�N��DQG�]HUR�RWKHUZLVH���� $�QDWXUDO�QXOO�K\SRWKHVLV�WR
WHVW�LV�WKDW�JRYHUQDQFH�LQ�FRXQWULHV�M�DQG�M¶�LV�WKH�VDPH��L�H��WKDW�WKH�SUREDELOLW\�[�M�M¶�N��LV
HTXDO�WR�RQH�LV�������8QGHU�WKH�DVVXPSWLRQ�WKDW�WKH�HUURUV�DUH�LQGHSHQGHQW�DFURVV
���$�IXUWKHU�GUDZEDFN�RI�WKLV�PHWKRG�LV�WKDW�LW�LV�GLIILFXOW�WR�FRQVWUXFW�DQ�DJJUHJDWH�UDQNLQJ�RI�FRXQWULHV
DFFRUGLQJ�WR�JRYHUQDQFH���2QH�SRVVLELOLW\�ZRXOG�EH�WR�DYHUDJH�WKH�LQGLFDWRU�YDULDEOHV�[�M�M¶�N��RYHU�DOO�VXUYH\VN DQG�SDUWQHU�FRXQWULHV�M¶��DQG�UDQN�FRXQWULHV�DFFRUGLQJ�WR�WKLV�LQGH[��+RZHYHU��LW�LV�GLIILFXOW�WR�SXW�VWDQGDUG
HUURUV�RQ�VXFK�D�UDQNLQJ��VLQFH�HYHQ�LI�WKH�HUURUV�DUH�LQGHSHQGHQW�DFURVV�VXUYH\V��WKH�[�M�M¶�N��ZLOO�QRW�EHLQGHSHQGHQW�DFURVV�SDUWQHU�FRXQWULHV�M¶���$�GHHSHU�SUREOHP�ZLWK�WKLV�PHWKRG�LV�WKDW�WKHUH�LV�D�IXQGDPHQWDOUHVXOW�IURP�VRFLDO�FKRLFH�WKHRU\�ZKLFK�SODFHV�VWURQJ�UHVWULFWLRQV�RQ�WKH�SURSHUWLHV�VXFK�DQ�DJJUHJDWH�UDQNLQJPD\�KDYH��$FFRUGLQJ�WR�$UURZ¶V�,PSRVVLELOLW\�7KHRUHP��LW�LV�LPSRVVLEOH�IRU�DQ\�DJJUHJDWLRQ�RI�HDFK
LQGLFDWRUV¶�³SUHIHUHQFHV´�WR�VLPXOWDQHRXVO\�VDWLVI\�WKUHH�LQWXLWLYH�DQG�GHVLUDEOH�SURSHUWLHV���L��WKH�DJJUHJDWLRQUHVSHFWV�XQDQLPLW\����LI�HYHU\�LQGLFDWRU�VD\V�WKDW�$�LV�PRUH�FRUUXSW�WKDQ�%��WKHQ�VR�VKRXOG�RXU�DJJUHJDWH��DQG�LL��WKH�DJJUHJDWLRQ�GLVSOD\V�WKH�LQGHSHQGHQFH�RI�LUUHOHYDQW�DOWHUQDWLYHV�SURSHUW\����WKH�UDQNLQJ�RI�$�DQG�%GRHV�QRW�GHSHQG�RQ�DQ\�LQGLFDWRUV¶�UDQNLQJ�RI�$�RU�%�UHODWLYH�WR�DQ\�RWKHU�FRXQWU\�&��DQG��LLL��WKH�DJJUHJDWLRQ
LV�QRQ�GLFWDWRULDO�±�WKH�DJJUHJDWH�UDQNLQJ�RI�$�DQG�%�LV�QRW�XQLTXHO\�GHWHUPLQHG�E\�D�VLQJOH�LQGLFDWRU¶VUDQNLQJ�RI�$�DQG�%���,Q�SDUWLFXODU��$UURZ¶V�WKHRUHP�WHOOV�XV�WKDW�LI��L��DQG��LL��KROG��WKHQ��LLL��GRHV�QRW�KROG�
���)RU�WKRVH�VXUYH\V�ZKLFK�UHSRUW�GLVFUHWH�FDWHJRULFDO�VFRUHV��ZH�GLVFDUG�³WLHV´�DV�XQLQIRUPDWLYH�DERXW�WKH
UHODWLYH�OHYHO�RI�JRYHUQDQFH�



��

LQGLFDWRUV��WKLV�K\SRWKHVLV�FDQ�EH�WHVWHG�XVLQJ�WKH�GDWD�RQ�WKH�SURSRUWLRQ�RI�LQGLFDWRUV�LQ
ZKLFK�FRXQWU\�M�LV�UDQNHG�KLJKHU�WKDQ�FRXQWU\�M¶�LQ�D�VLPSOH�ELQRPLDO�SURSRUWLRQV�WHVW�

:H�UHSRUW�WKH�UHVXOWV�RI�WKLV�H[HUFLVH�LQ�)LJXUH����ZKLFK�LV�DQDORJRXV�WR�)LJXUH���
:H�DJDLQ�RUGHU�FRXQWULHV�LQ�DVFHQGLQJ�RUGHU�DFFRUGLQJ�WR�WKHLU�SRLQW�HVWLPDWHV�RI
JRYHUQDQFH�RQ�WKH�KRUL]RQWDO�D[LV��DQG�ZH�SORW�WKH�SURSRUWLRQ�RI�DOO�FRPSDUDWRU�FRXQWULHV
IRU�ZKLFK�WKH�QXOO�K\SRWKHVLV�WKDW�JRYHUQDQFH�LQ�WKHVH�WZR�FRXQWULHV�LV�HTXDO�FDQQRW�EH
UHMHFWHG�DW�WKH�����VLJQLILFDQFH�OHYHO�DV�GDUN�GRWV�RQ�WKH�YHUWLFDO�D[LV���7KH�OLJKW�GRWV
UHSRUW�WKH�VDPH�LQIRUPDWLRQ��EXW�DW�WKH�����OHYHO���&RPSDULQJ�)LJXUHV���DQG����LW�LV�FOHDU
WKDW�WKH�RUGLQDO�DJJUHJDWH�DOORZV�XVH�WR�LGHQWLI\�IDU�IHZHU�VWDWLVWLFDOO\�VLJQLILFDQW
GLIIHUHQFHV�LQ�JRYHUQDQFH�DFURVV�FRXQWULHV��,Q�IDFW��IRU�PDQ\�FRXQWULHV�LW�LV�LPSRVVLEOH�WR
UHMHFW�WKH�QXOO�DW�WKH�����OHYHO�WKDW�JRYHUQDQFH�LQ�WKLV�FRXQWU\�LV�WKH�VDPH�DV�IRU�HYHU\
RWKHU�FRXQWU\�LQ�WKH�ZRUOG�XVLQJ�WKLV�PHWKRG���$OWKRXJK�WKLV�RUGLQDO�PHWKRG�LV�D�XVHIXO
YHKLFOH�IRU�PDNLQJ�URXJK�FRPSDULVRQV�DFURVV�FRXQWULHV�DQG�UHTXLUHV�OLWWOH�LQ�WKH�ZD\�RI
DVVXPSWLRQV�RQ�WKH�XQGHUO\LQJ�GDWD��LW�LV�PXFK�PRUH�GLIILFXOW�WR�REWDLQ�VWDWLVWLFDOO\
VLJQLILFDQW�GLIIHUHQFHV�DPRQJ�FRXQWULHV�

$OWHUQDWLYH�'LVWULEXWLRQV�IRU�*RYHUQDQFH

,Q�6HFWLRQ���ZH�DVVXPHG�WKDW�XQREVHUYHG�JRYHUQDQFH�DQG�WKH�GLVWXUEDQFHV
ZHUH�MRLQWO\�QRUPDOO\�GLVWULEXWHG���$V�ZH�QRWHG��WKLV�DVVXPSWLRQ�KDV�D�VLJQLILFDQW�SD\RII
LQ�WHUPV�RI�DQDO\WLFDO�WUDFWLELOLW\��DV�LW�HQVXUHG�WKDW�WKH�GLVWULEXWLRQ�RI�JRYHUQDQFH
FRQGLWLRQDO�RQ�WKH�REVHUYHG�GDWD�ZDV�QRUPDO��ZLWK�VLPSOH�H[SUHVVLRQV�IRU�LWV�PHDQ�DQG
YDULDQFH���+RZHYHU��JLYHQ�WKH�EHOO�VKDSH�RI�WKH�QRUPDO�GLVWULEXWLRQ��WKLV�DSSURDFK
HPERGLHV�WKH�LPSOLFLW�DVVXPSWLRQ�WKDW�D�UHODWLYHO\�ODUJH�IUDFWLRQ�RI�FRXQWULHV�LQ�WKH�ZRUOG
KDYH�VLPLODU�PRGHUDWH�OHYHOV�RI�JRYHUQDQFH��DQG�UHODWLYHO\�IHZ�KDYH�HLWKHU�YHU\�JRRG�RU
YHU\�EDG�JRYHUQDQFH���7KHUH�DUH�WZR�UHDVRQV�WR�TXHVWLRQ�WKLV�DVVXPSWLRQ���)LUVW��LW�LV�QRW
DW�DOO�FOHDU�D�SULRUL��WKDW�WKLV�SURYLGHV�DQ�DFFXUDWH�GHSLFWLRQ�RI�WKH�WUXH�FURVV�FRXQWU\
GLVWULEXWLRQ�RI�JRYHUQDQFH���6HFRQG��LW�LV�SRVVLEOH�WKDW�RXU�ILQGLQJ�WKDW�LW�LV�GLIILFXOW�WR
VWDWLVWLFDOO\�GLVWLQJXLVK�GLIIHUHQFHV�LQ�JRYHUQDQFH�EHWZHHQ�D�ODUJH�SURSRUWLRQ�RI�FRXQWULHV
LQ�WKH�ZRUOG�LV�DFFHQWXDWHG�E\�WKH�DVVXPSWLRQ�RI�QRUPDOLW\��ZKLFK�IRUFHV�D
GLVSURSRUWLRQDWH�IUDFWLRQ�RI�FRXQWULHV�WR�EH�FOXVWHUHG�QHDU�WKH�PHDQ�RI�WKH�GLVWULEXWLRQ�RI
JRYHUQDQFH���,I�LQVWHDG�ZH�DVVXPHG�WKDW�JRYHUQDQFH�ZDV�PRUH�GLVSHUVHG��WKHQ�LW�LV



��

SRVVLEOH�WKDW�LW�LV�HDVLHU�WR�LGHQWLI\�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�LQ�JRYHUQDQFH
DFURVV�FRXQWULHV�

,W�LV�QRW�FOHDU�KRZ�RQH�PLJKW�LGHQWLI\�WKH�VKDSH�RI�WKH�WUXH�GLVWULEXWLRQ�RI
JRYHUQDQFH�DFURVV�FRXQWULHV��VLQFH�LW�LV�GLIILFXOW�WR�GLVHQWDQJOH�WKH�VKDSH�RI�WKLV
GLVWULEXWLRQ�IURP�WKH�VKDSH�RI�WKH�GLVWULEXWLRQ�RI�WKH�HUURU�WHUPV���+RZHYHU��LW�LV�SRVVLEOH
WR�H[SORUH�WKH�UREXVWQHVV�RI�WKH�UHVXOWV�WR�GLIIHUHQW�FKRLFHV�IRU�WKH�GLVWULEXWLRQ�RI
JRYHUQDQFH�LWVHOI���:H�GR�WKLV�E\�LQVWHDG�DVVXPLQJ�WKDW�XQREVHUYHG�JRYHUQDQFH�IROORZV
D %HWD>D�E@�GLVWULEXWLRQ���:H�FRQVLGHU�WKUHH�FKRLFHV�RI�SDUDPHWHUV�FRUUHVSRQGLQJ�WR
WKUHH�YHU\�GLIIHUHQW�VKDSHV�RI�WKH�SRVVLEOH�GLVWULEXWLRQ�RI�JRYHUQDQFH���7KHVH�WKUHH
SRVVLELOLWLHV�DUH�LOOXVWUDWHG�LQ�WKH�OHIW�KDQG�FROXPQ�RI�)LJXUH�����:H�ILUVW�FRQVLGHU�D E ��
ZKLFK�JHQHUDWHV�D�V\PPHWULF�EHOO�VKDSHG�GLVWULEXWLRQ���7KLV�FDVH�VHUYHV�DV�D�EHQFKPDUN
LQ�WKDW�LW�LV�YHU\�VLPLODU�WR�WKH�QRUPDO�GLVWULEXWLRQ�ZH�KDYH�EHHQ�XVLQJ�VR�IDU���:H�DOVR
FRQVLGHU�WKH�SRVVLELOLW\�WKDW�WKH�GLVWULEXWLRQ�RI�JRYHUQDQFH�LV�VNHZHG�WR�WKH�ULJKW��D ��
E ����ZLWK�UHODWLYHO\�IHZ�FRXQWULHV�ZLWK�YHU\�JRRG�JRYHUQDQFH�LQ�WKH�ULJKW�WDLO�RI�WKH
GLVWULEXWLRQ���)LQDOO\��ZH�FRQVLGHU�WKH�SRVVLELOLW\�WKDW�JRYHUQDQFH�LV�XQLIRUPO\�GLVWULEXWHG
�D E ����ZLWK�D�VLPLODU�SURSRUWLRQ�RI�FRXQWULHV�DW�HDFK�SRVVLEOH�OHYHO�RI�JRYHUQDQFH���:H
FRQWLQXH�WR�DVVXPH�WKDW�WKH�GLVWULEXWLRQ�RI�WKH�GLVWXUEDQFHV�LV�QRUPDO�

2Q�WKH�ULJKW�KDQG�VLGH�RI�)LJXUH����ZH�H[SORUH�WKH�FRQVHTXHQFHV�RI�WKHVH
DOWHUQDWLYH�DVVXPSWLRQV�IRU�RXU�FRQFOXVLRQV�DERXW�WKH�VLJQLILFDQFH�RI�FURVV�FRXQWU\
GLIIHUHQFHV�LQ�JRYHUQDQFH���$V�D�VSHFLILF�H[DPSOH��ZH�IRFXV�RQ�DQ�DJJUHJDWH�RI�WKH
WKUHH�ODUJHVW�UHSUHVHQWDWLYH�LQGLFDWRUV�RI�JUDIW��(,8��'5,�DQG�356���DQG�DJDLQ�UHVWULFW
RXUVHOYHV�WR�WKH�VDPSOH�RI�DERXW�����FRXQWULHV�DSSHDULQJ�LQ�DOO�WKUHH�LQGLFDWRUV���)RU
HDFK�FRXQWU\��ZH�UHSRUW�WKH�SRLQW�HVWLPDWHV�DQG�VWDQGDUG�HUURUV�FRUUHVSRQGLQJ�WR�HDFK
DVVXPSWLRQ�RQ�WKH�GLVWULEXWLRQ�RI�JRYHUQDQFH���� $V�WKH�DVVXPHG�VKDSH�RI�WKH
GLVWULEXWLRQ�RI�WUXH�JRYHUQDQFH�FKDQJHV��QRW�VXUSULVLQJO\�VR�GRHV�WKH�GLVWULEXWLRQ�RI�SRLQW
HVWLPDWHV���7KH�PRUH�LPSRUWDQW�REVHUYDWLRQ�LV�WKDW�RXU�UHVXOWV�RQ�WKH�GLIILFXOW\�RI
GLVWLQJXLVKLQJ�EHWZHHQ�FRXQWULHV�GR�QRW�FKDQJH���,W�LV�FOHDU�IURP�)LJXUH���WKDW�WKH
���:H�FRPSXWH�WKHVH�DV�IROORZV���)LUVW��XVLQJ�D�PHWKRG�RI�PRPHQWV�DUJXPHQW�ZH�FRQVWUXFW�HVWLPDWHV�RI�WKH
SDUDPHWHUV�RI�WKH�PRGHO�FRUUHVSRQGLQJ�WR�WKH�DVVXPHG�GLVWULEXWLRQ�RI�JRYHUQDQFH��QRWH�WKDW�WKH�PHDQ�DQGYDULDQFH�RI�WKLV�EHWD�GLVWULEXWLRQ�FKDQJH�DV�ZH�YDU\�WKH�SDUDPHWHUV����:H�WKHQ�FRQVWUXFW�WKH�MRLQW�GLVWULEXWLRQRI�J�M��DQG�\�M��DV�WKH�DSSURSULDWH�PL[WXUH�RI�D�QRUPDO�DQG�D�EHWD�GLVWULEXWLRQ��DQG�WKHQ�REWDLQ�WKH�PDUJLQDO
GLVWULEXWLRQ�RI�\�M��DQG�FRQGLWLRQDO�GLVWULEXWLRQ�RI�J�M��JLYHQ�\�M��E\�DSSURSULDWH�QXPHULFDO�LQWHJUDWLRQV�RI�WKLVMRLQW�GLVWULEXWLRQ���:H�QXPHULFDOO\�HYDOXDWH�WKH�PHDQ�RI�WKLV�GLVWULEXWLRQ��DQG�WKH��WK�DQG���WK�SHUFHQWLOHV��DQGUHSRUW�WKHVH�IRU�HDFK�FRXQWU\�LQ�)LJXUH���



��

QXPEHU�RI�FRXQWULHV�ZLWK�����FRQILGHQFH�LQWHUYDOV�IDOOLQJ�HQWLUHO\�ZLWKLQ�SDUWLFXODU
TXDUWLOHV�LV�HVVHQWLDOO\�XQFKDQJHG�IRU�HDFK�TXDUWLOH��DV�ZH�YDU\�RXU�DVVXPSWLRQV�RQ�WKH
VKDSH�RI�WKH�GLVWULEXWLRQ�RI�JRYHUQDQFH�



��

����&RQFOXVLRQV

,Q�WKLV�SDSHU��ZH�KDYH�WDNHQ�WKH�YLHZ�WKDW�WKH�PDQ\�GLIIHUHQW�DYDLODEOH�LQGLFDWRUV
RI�JRYHUQDQFH�SURYLGH�LPSHUIHFW�VLJQDOV�DERXW�D�UHODWLYHO\�VPDOO�QXPEHU�RI�IXQGDPHQWDO
DVSHFWV�RI�JRYHUQDQFH��VXFK�DV�UXOH�RI�ODZ��JRYHUQPHQW�HIIHFWLYHQHVV��DQG�JUDIW���:H
JURXSHG�WKH�PDQ\�DYDLODEOH�LQGLFDWRUV�LQWR�WKUHH�FOXVWHUV�FRUUHVSRQGLQJ�WR�WKHVH
FRQFHSWV�RI�JRYHUQDQFH��DQG�XVHG�D�OLQHDU�XQREVHUYHG�FRPSRQHQWV�PRGHO�WR�REWDLQ
DJJUHJDWH�HVWLPDWHV�RI�WKHVH�WKUHH�DVSHFWV�RI�JRYHUQDQFH���'HVSLWH�VHYHUDO�RSWLPLVWLF
DVVXPSWLRQV��ZH�ILQG�WKDW�JRYHUQDQFH�LV�QRW�YHU\�SUHFLVHO\�PHDVXUHG�XVLQJ�WKHVH
DJJUHJDWH�LQGLFDWRUV���,Q�SDUWLFXODU��DOWKRXJK�LW�LV�SRVVLEOH�WR�LGHQWLI\�VWDWLVWLFDOO\
VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�FRXQWULHV�DW�RSSRVLWH�HQGV�RI�WKH�GLVWULEXWLRQ�RI
JRYHUQDQFH��LW�LV�PXFK�PRUH�GLIILFXOW�WR�GLVFULPLQDWH�DPRQJ�WKH�PDMRULW\�RI�FRXQWULHV�ZLWK
DQ\�GHJUHH�RI�FRQILGHQFH�

1HYHUWKHOHVV��ZH�ILQG�WKH�DJJUHJDWH�JRYHUQDQFH�LQGLFDWRUV�WR�EH�XVHIXO�IRU
VHYHUDO�UHDVRQV���)LUVW��WKH\�DUH�EDVHG�RQ�D�PHWKRGRORJ\�ZKLFK�SURYLGHV�D�FRQVLVWHQW
IUDPHZRUN�IRU�SODFLQJ�GDWD�IURP�YDULRXV�VRXUFHV�LQWR�FRPPRQ�XQLWV��WDNLQJ�LQWR�DFFRXQW
WKDW�WKH�VDPSOHV�RI�FRXQWULHV�LQFOXGHG�LQ�GLIIHUHQW�VRXUFHV�PD\�QRW�EH�UHSUHVHQWDWLYH�RI
WKH�ZRUOG�DV�D�ZKROH���6HFRQG��WKH�DJJUHJDWH�LQGLFDWRUV�VSDQ�D�PXFK�ODUJHU�VDPSOH�RI
����RU�PRUH�FRXQWULHV��SHUPLWWLQJ��DGPLWWHGO\�LPSUHFLVH��FRPSDULVRQV�DFURVV�D�PXFK
ODUJHU�VHW�RI�FRXQWULHV�WKDQ�LV�SRVVLEOH�XVLQJ�DQ\�VLQJOH�LQGLFDWRU���7KLUG��DOWKRXJK�WKH
DJJUHJDWH�LQGLFDWRUV�DUH�QRW�DV�SUHFLVH�DV�RQH�PLJKW�KDYH�KRSHG��WKH\�DUH�QHYHUWKHOHVV
PXFK�PRUH�UHOLDEOH�WKDQ�DQ\�LQGLYLGXDO�LQGLFDWRU���)LQDOO\��ZH�EHOLHYH�WKDW�LW�LV�XVHIXO�WR
KDYH�TXDQWLWDWLYH�PHDVXUHV�RI�WKH�SUHFLVLRQ�RI�DJJUHJDWH�LQGLFDWRUV�LQ�RUGHU�WR�FDXWLRQ
XVHUV�RI�ERWK�LQGLYLGXDO�DQG�DJJUHJDWH�LQGLFDWRUV�RI�WKH�VXEVWDQWLDO�PDUJLQV�RI�HUURU
DVVRFLDWHG�ZLWK�FURVV�FRXQWU\�FRPSDULVRQV�RI�JRYHUQDQFH�

(PSLULFDO�UHVHDUFK�RQ�JRYHUQDQFH�LVVXHV�FDQ�DOVR�EHQHILW�IURP�WKH�DJJUHJDWH
LQGLFDWRUV�SUHVHQWHG�KHUH���0DQ\�HPSLULFDO�VWXGLHV�ZKLFK�XVH�JRYHUQDQFH�LQGLFDWRUV�DV
HLWKHU�OHIW�KDQG�RU�ULJKW�KDQG�VLGH�YDULDEOHV�DUH�OLPLWHG�WR�VPDOO�VDPSOHV�E\�WKH�SRRU
FRXQWU\�FRYHUDJH�RI�PDQ\�LQGLFDWRUV���7KLV�FDQ�SRWHQWLDOO\�LQWURGXFH�D�YDULHW\�RI�VDPSOH
VHOHFWLRQ�ELDVHV���,Q�DGGLWLRQ��WKH�PHDVXUHV�RI�SUHFLVLRQ�ZH�UHSRUW�FDQ�EH�XVHG�WR�FRUUHFW
IRU�WKH�DWWHQXDWLRQ�ELDV�GXH�WR�PHDVXUHPHQW�HUURU�LQ�JRYHUQDQFH�LQGLFDWRUV�XVHG�DV
GHSHQGHQW�YDULDEOHV�



��

,Q�WKH�ORQJ�WHUP��KRZHYHU��RXU�UHVXOWV�DOVR�SRLQW�WR�WKH�LQDGHTXDF\�RI�H[LVWLQJ
JRYHUQDQFH�PHDVXUHV���,W�LV�YHU\�XQVDWLVI\LQJ�WKDW�H[LVWLQJ�GDWD��HYHQ�ZLWK�IDYRXUDEOH
DVVXPSWLRQV��DOORZV�XV�WR�LGHQWLI\�UHODWLYHO\�IHZ�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�LQ
JRYHUQDQFH�DFURVV�FRXQWULHV���0RUHRYHU��H[LVWLQJ�GDWD�SURYLGHV�DW�EHVW�WHQXRXV�OLQNV
EHWZHHQ�SHUFHSWLRQV�RI�JRYHUQDQFH�DQG�REMHFWLYH�SROLF\�LQWHUYHQWLRQV�WKDW�JRYHUQPHQWV
LQWHUHVWHG�LQ�LPSURYLQJ�WKH�TXDOLW\�RI�JRYHUQDQFH�FDQ�XQGHUWDNH���7KHUH�LV�WKHUHIRUH�D
QHHG�WR�LPSURYH�WKH�TXDOLW\�DQG�TXDQWLW\�RI�JRYHUQDQFH�GDWD��ERWK�E\�LPSURYLQJ�DQG
H[WHQGLQJ�FURVV�FRXQWU\�VXUYH\�ZRUN�RI�JRYHUQDQFH�SHUFHSWLRQV��DV�ZHOO�DV�HPSOR\LQJ
FRXQWU\�VSHFLILF�LQ�GHSWK�JRYHUQDQFH�GLDJQRVWLFV���� 0DQ\�RI�WKH�SROOV�DQG�VXUYH\V�ZH
XVH�VXIIHU�IURP�GHILFLHQFLHV��VXFK�DV�SRRUO\�ZRUGHG�TXHVWLRQV�DERXW�LOO�GHILQHG�DQG
H[FHVVLYHO\�EURDG�FRQFHSWV���7KHUH�LV�URRP�WR�LPSURYH�WKHVH�LQVWUXPHQWV�E\�DVNLQJ
UHVSRQGHQWV�DERXW�WKHLU�GLUHFW�H[SHULHQFHV�ZLWK�ZHOO�GHILQHG�HYHQWV�DQG�XVLQJ
WUDQVSDUHQW�XQLWV�WR�PHDVXUH�JRYHUQDQFH���+RZHYHU��WKHVH�DUH�WLPH��DQG�UHVRXUFH�
LQWHQVLYH�H[HUFLVHV��DQG�LQWHUQDWLRQDOO\�FRPSDUDEOH�KLJK�TXDOLW\�GDWD�RI�WKLV�VRUW�LV�\HDUV
DZD\�

���'HWDLOHG�FRXQWU\�GLDJQRVWLF�H[HUFLVHV�VXFK�DV�WKRVH�FXUUHQWO\�EHLQJ�SLORWHG�E\�WKH�:RUOG�%DQN�KDYH�WKH
SRWHQWLDO�WR�SURYLGH�PXFK�PRUH�GHWDLOHG�LQIRUPDWLRQ�RQ�WKH�VSHFLILF�LQVWLWXWLRQDO�IDLOXUHV�ZKLFK�FRQWULEXWH�WRSHUFHSWLRQV�DQG�WKH�UHDOLW\�RI�SRRU�JRYHUQDQFH���.DXIPDQQ��3UDGKDQ�DQG�5\WHUPDQ��������SURYLGH�DGHVFULSWLRQ�RI�WKHVH�H[HUFLVHV�



��

5HIHUHQFHV

(IURQ��%UDGOH\�DQG�&DUO�0RUULV����������³/LPLWLQJ�WKH�5LVN�RI�%D\HV�DQG�(PSLULFDO�%D\HV(VWLPDWRUV�±�3DUW�����7KH�%D\HV�&DVH´���-RXUQDO�RI�WKH�$PHULFDQ�6WDWLVWLFDO$VVRFLDWLRQ��������������
(IURQ��%UDGOH\�DQG�&DUO�0RUULV���������³/LPLWLQJ�WKH�5LVN�RI�%D\HV�DQG�(PSLULFDO�%D\HV(VWLPDWRUV�±�3DUW�����7KH�(PSLULFDO�%D\HV�&DVH´���-RXUQDO�RI�WKH�$PHULFDQ6WDWLVWLFDO�$VVRFLDWLRQ�������������
*ROGEHUJHU��$�����������³0D[LPXP�/LNHOLKRRG�(VWLPDWLRQ�RI�5HJUHVVLRQV�&RQWDLQLQJ8QREVHYDEOH�,QGHSHQGHQW�9DULDEOHV´���,QWHUQDWLRQDO�(FRQRPLF�5HYLHZ�����������
+DOO��5REHUW�DQG�&KDUOHV�-RQHV����������³:K\�'R�6RPH�&RXQWULHV�3URGXFH�6R�0XFK0RUH�2XWSXW�3HU�:RUNHU�7KDQ�2WKHUV"´���4XDUWHUO\�-RXUQDO�RI�(FRQRPLFV���������������
.DXIPDQQ��'DQLHO���$DUW�.UDD\��DQG�3DEOR�=RLGR�/REDWyQ����������³*RYHUQDQFH0DWWHUV´���0DQXVFULSW��7KH�:RUOG�%DQN�
.DXIPDQQ��'DQLHO�DQG�3DEOR�=RLGR�/REDWyQ����������³&RUUXSWLRQ��8QSUHGLFWDELOLW\�DQG3HUIRUPDQFH´��0DQXVFULSW��7KH�:RUOG�%DQN�
.DXIPDQQ��'DQLHO���6DQMD\�3UDGKDQ�DQG�5DQGL�5\WHUPDQ����������³1HZ�)URQWLHUV�LQ'LDJQRVLQJ�DQG�&RPEDWLQJ�&RUUXSWLRQ´��35(0�1RWH�1XPEHU����7KH�:RUOG�%DQN�
.LHIHU��1LFKRODV�0�����������³(VWLPDWLRQ�RI�)L[HG�(IIHFW�0RGHOV�IRU�7LPH�6HULHV�RI�&URVV6HFWLRQV�ZLWK�$UELWUDU\�,QWHUWHPSRUDO�&RYDULDQFH´���-RXUQDO�RI�(FRQRPHWULFV������������
5XELQ��'RQDOG����������0XOWLSOH�,PSXWDWLRQ�IRU�1RQ�5HVSRQVH�LQ�6XUYH\V���1HZ�<RUN�:LOH\�



��

7DEOH�����*RYHUQDQFH�,QGLFDWRUV

&RGH 1DPH 6XUYH\��6� &RYHUDJH &RYHUDJH &RQFHSWV�0HDVXUHG

RU�3ROO��3� ,QGH[

*RYHUQPHQW�(IIHFWLYHQHVV 5XOH�RI�/DZ *UDIW

%(5, %XVLQHVV�
(QYLURQPHQW�5LVN�
,QWHOOLJHQFH

3 ���PRVWO\�
GHYHORSHG�
FRXQWULHV

���� %XUHDXFUDWLF�GHOD\V (QIRUFHDELOLW\�RI�FRQWUDFWV �0HQWDOLW\��UHJDUGLQJ�
FRUUXSWLRQ

&((5 &HQWUDO�(XURSHDQ�
(FRQRPLF�5HYLHZ

3 ���WUDQVLWLRQ�
HFRQRPLHV

���� 5XOH�RI�ODZ (IIHFW�RI�FRUUXSWLRQ�RQ�
�DWWUDFWLYHQHVV�RI�FRXQWU\�
DV�D�SODFH�WR�GR�EXVLQHVV�

'5, 6WDQGDUG�DQG�
3RRU
V�'5,

3 ����GHYHORSHG�
DQG�GHYHORSLQJ�
FRXQWULHV

���� *RYHUQPHQW�LQHIIHFWLYHQHVV��
LQVWLWXWLRQDO�IDLOXUH

(QIRUFHDELOLW\�RI�FRQWUDFWV��
FRVWV�RI�FULPH

&RUUXSWLRQ�DPRQJ�SXEOLF�
RIILFLDOV��HIIHFWLYHQHVV�RI�
DQWLFRUUXSWLRQ�LQLWLDWLYHV

(,8 (FRQRPLVW�
,QWHOOLJHQFH�8QLW

3 ����GHYHORSHG�
DQG�GHYHORSLQJ��
FRXQWULHV

���� ,QVLWXWLRQDO�HIILFDF\��UHG�WDSH &ULPH��FRUUXSWLRQ�LQ�
EDQNLQJ�VHFWRU

&RUUXSWLRQ�DPRQJ�SXEOLF�
RIILFLDOV

)+17 )UHHGRP�+RXVH 3 ���WUDQVLWLRQ�
HFRQRPLHV

���� 4XDOLW\�RI�JRYHUQPHQW�DQG�
SXEOLF�DGPLQLVWUDWLRQ

5XOH�RI�ODZ 3HUFHSWLRQV�RI�FRUUXSWLRQ�
LQ�FLYLO�VHUYLFH��EXVLQHVV�
LQWHUHVWV�RI�SROLF\PDNHUV

*$//83 *DOOXS�
,QWHUQDWLRQDO

6 ���PRVWO\�
GHYHORSHG�
FRXQWULHV

���� )UHTXHQF\�RI��FDVHV�RI�
FRUUXSWLRQ��DPRQJ�SXEOLF�
RIILFLDOV

*&6 *OREDO�
&RPSHWLWLYHQHVV�
6XUYH\

6 ���GHYHORSHG�
DQG�GHYHORSLQJ�
FRXQWULHV

���� &RPSHWHQFH�RI�SXEOLF�
VHFWRU��SROLWLFDO�SUHVVXUHV�RQ�
FLYLO�VHUYDQWV��WLPH�VSHQW�
ZLWK�EXUHDXFUDWV

&LWL]HQV�FDQ�ILOH�ODZVXLWV�
DJDLQVW�JRYHUQPHQW��
FLWL]HQV�DFFHSW�OHJDO�
DGMXGLFDWLRQ��
LQGHSHQGHQFH�RI�MXGLFLDU\��
FRVWV�RI�FULPH

)UHTXHQF\�RI��LUUHJXODU�
SD\PHQWV��WR�RIILFLDOV�DQG�
MXGLFLDU\

*&6$ *OREDO�
&RPSHWLWLYHQHVV�
6XUYH\��$IULFD

6 ���$IULFDQ�
FRXQWULHV

���� &RPSHWHQFH�RI�SXEOLF�
VHUYDQWV��FRPPLWPHQW�WR�
SROLFLHV�RI�SUHYLRXV�
JRYHUQPHQWV

&LWL]HQV�FDQ�ILOH�ODZVXLWV�
DJDLQVW�JRYHUQPHQW��
FLWL]HQV�DFFHSW�OHJDO�
DGMXGLFDWLRQ��
LQGHSHQGHQFH�RI�MXGLFLDU\��
FRVWV�RI�FULPH

)UHTXHQF\�RI��LUUHJXODU�
SD\PHQWV��WR�RIILFLDOV�DQG�
MXGLFLDU\

+) +HULWDJH�
)RXQGDWLRQ

3 ����GHYHORSHG�
DQG�GHYHORSLQJ�

FRXQWULHV

���� /DZ�DQG�RUGHU�WUDGLWLRQ��
SUHYDOHQFH�RI�EODFN�
PDUNHW�DFWLYLWLHV

3(5& 3ROLWLFDO�DQG�
(FRQRPLF�5LVN�
&RQVXOWDQF\

6 ���$VLDQ�
HFRQRPLHV

���� (IIHFW�RI�FRUUXSWLRQ�RQ�
EXVLQHVV�HQYLURQPHQW�IRU�
IRUHLJQ�FRPSDQLHV

356 3ROLWLFDO�5LVN�
6HUYLFHV

3 ����GHYHORSHG�
DQG�GHYHORSLQJ�
FRXQWULHV

���� %XUHDXFUDWLF�TXDOLW\��SROLF\�
VWDELOLW\

5XOH�RI�ODZ &RUUXSWLRQ�LQ�WKH�SROLWLFDO�
V\VWHP�DV�D��WKUHDW�WR�
IRUHLJQ�LQYHVWPHQW�

:&< :RUOG�
&RPSHWLWLYHQHVV�
<HDUERRN

6 ���SULPDULO\�
GHYHORSHG�
FRXQWULHV

���� (IILFLHQW�LPSOHPHQWDWLRQ�RI�
JRYHUQPHQW�GHFLVLRQV��
SROLWLFDO�SUHVVXUHV�RQ�FLYLO�
VHUYDQWV

7D[�HYDVLRQ��FRQILGHQFH�
LQ�DELOLW\�RI�DXWKRULWLHV�WR�
SURWHFW�SURSHUW\��
FRQILGHQFH�LQ�
DGPLQLVWUDWLRQ�RI�MXVWLFH

�,PSURSHU�SUDFWLFHV��LQ�
WKH�SXEOLF�VSKHUH

:'5 :RUOG�
'HYHORSPHQW�
5HSRUW

6 ���GHYHORSHG�
DQG�GHYHORSLQJ�
FRXQWULHV

���� (IILFLHQF\�RI�JRYHUQPHQW�LQ�
GHOLYHULQJ�VHUYLFHV��
SUHGLFWDELOLW\�RI�UXOHV��WLPH�
VSHQW�ZLWK�EXUHDXFUDWV

8QSUHGLFWDELOLW\�RI�WKH�
MXGLFLDU\��WKHIW�DQG�FULPH��
DELOLW\�RI�VWDWH�WR�SURWHFW�
SULYDWH�SURSHUW\

&RUUXSWLRQ�DV��REVWDFOH�WR�
EXVLQHVV���IUHTXHQF\�RI�
�DGGLWLRQDO�SD\PHQWV��WR�
�JHW�WKLQJV�GRQH��

1RWHV���'HWDLOV�RQ�WKHVH�VRXUFHV�RI�JRYHUQDQFH�GDWD��DQG�GHILQLWLRQV�RI�WKH�FRQFHSWVPHDVXUHG��PD\�EH�IRXQG�LQ�$SSHQGL[�$�RI�.DXIPDQQ��.UDD\�DQG�=RLGR�/REDWyQ�������



��

7DEOH�����&RUUHODWLRQV�$PRQJ�*RYHUQDQFH�,QGLFDWRUV
*RYHUQPHQW�(IIHFWLYHQHVV

JHHLX JHGUL JHSUV JHZGU JHEHUL JHIKQW JHJFV JHJFVD JHZF\
JHHLX ����

���
JHGUL ���� 
 ����

�� ���
JHSUV ���� 
 ���� 
 ����

��� ��� ���
JHZGU ���� 
 ���� 
 ���� 
 ����

�� �� �� ��
JHEHUL ���� 
 ���� 
 ���� 
 ���� 
 ����

�� �� �� �� ��
JHIKQW ���� 
 ���� 
 ���� ���� 
 ���� ����

�� �� �� �� � ��
JHJFV ���� 
 ���� 
 ���� 
 ���� 
 ���� 
 ���� 
 ����

�� �� �� �� �� � ��
JHJFVD ���� 
 ���� 
 ���� 
 ���� ���� � ���� 
 ����

�� �� �� �� � � �� ��
JHZF\ ���� 
 ���� 
 ���� 
 ���� 
 ���� 
 ���� ���� 
 � ����

�� �� �� �� �� � �� � ��5XOH�RI�/DZ
UOGUL UOHLX UOKI UOSUV UOZGU UOEHUL UOFHHU UOIKQW UOJFV UOJFVD UOMN] UOZF\ UOVFRUH

UOGUL ����
���

UOHLX ���� 
 ����
�� ���

UOKI ���� 
 ���� 
 ����
��� ��� ���

UOSUV ���� 
 ���� 
 ���� 
 ����
��� ��� ��� ���

UOZGU ���� 
 ���� 
 ���� 
 ���� 
 ����
�� �� �� �� ��

UOEHUL ���� 
 ���� 
 ���� 
 ���� 
 ���� 
 ����
�� �� �� �� �� ��

UOFHHU ���� 
 ���� 
 ���� 
 ���� 
 ���� 
 ���� ����
�� �� �� �� �� � ��

UOIKQW ���� 
 ���� 
 ���� 
 ���� ���� 
 ���� 
 ���� 
 ����
�� �� �� �� �� � �� ��

UOJFV ���� 
 ���� 
 ���� 
 ���� 
 ���� 
 ���� 
 ���� 
 ���� 
 ����
�� �� �� �� �� �� � � ��

UOJFVD ���� ���� ���� ���� ���� 
 ����� � � ���� ����
�� �� �� �� �� � � � � ��

UOMN] ���� 
 ���� 
 ���� 
 ���� 
 ���� ���� 
 ���� ���� ���� 
 ���� ����
�� �� �� �� �� �� �� �� �� � ��

UOZF\ ���� 
 ���� 
 ���� 
 ���� 
 ���� 
 ���� 
 ���� 
 ���� 
 ���� 
 � ���� 
 ����
�� �� �� �� �� �� � � �� � �� ��

UOVFRUH ���� 
 ���� 
 ���� 
 ���� 
 ���� ���� ���� 
 ���� 
 ���� 
 � ���� ���� 
 ����
� � � � � � � � � � � � �*UDIW

� JUGUL JUHLX JUSUV JUZGU JUEHUL JUFHHU JUIKQW JUJDOOXS JUJFV JUJFVD JUSHUF JUZF\ JUVFRUH
JUGUL ����

���
JUHLX ���� 
 ����

�� ���
JUSUV ���� 
 ���� 
 ����

��� ��� ���
JUZGU ���� 
 ���� 
 ���� 
 ����

�� �� �� ��
JUEHUL ���� 
 ���� 
 ���� 
 ���� 
 ����

�� �� �� �� ��
JUFHHU ���� 
 ���� 
 ���� 
 ���� 
 ���� ����

�� �� �� �� � ��
JUIKQW ���� 
 ���� 
 ���� 
 ���� 
 ���� ���� 
 ����

�� �� �� �� � �� ��
JUJDOOXS ���� 
 ���� 
 ���� 
 ���� 
 ���� 
 ���� 
 ���� 
 ����
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