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Disclaimer

This document is an external review draft.  It has not been formally released by the U.S.
Environmental Protection Agency and should not at this stage be construed to represent Agency
policy.  It is being circulated for comments on its technical merit and policy implications, and does
not constitute Agency policy.  Mention of trade names or commercial products is not intended to
constitute endorsement or recommendation for use.
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PREFACE

This draft document, the TRIM.Expo Technical Support Document, is part of a series of
documentation for the overall Total Risk Integrated Methodology (TRIM) modeling system.  The
detailed documentation of TRIM’s logic, assumptions, algorithms, equations, and input
parameters is provided in comprehensive Technical Support Documents (TSDs) for each of the
TRIM modules.  The purpose of the TSDs is to provide full documentation of how TRIM works
and of the rationale for key development decisions that were made.  This report documents the
Exposure-Event module of TRIM (TRIM. Expo).

To date, EPA has issued draft TSDs for the Environmental Fate, Transport, and
Ecological Exposure module (TRIM.FaTE TSD, U.S. EPA 1999a,b) and the TRIM. Expo (this
report).  When the Risk Characterization module (TRIM.Risk) is developed, EPA plans to issue a
TSD for it.  The TSDs will be updated as needed to reflect future changes to the TRIM modules.

The EPA has also issued the 1999 Total Risk Integrated Methodology (TRIM) Status
Report (U.S. EPA 1999c).  The purpose of that report is to provide a summary of the status of
TRIM and all of its major components, with particular focus on the progress in TRIM
development since the 1998 TRIM Status Report (U.S. EPA 1998a).  The EPA plans to issue
status reports on an annual basis while TRIM is under development.

In addition to status reports and TSDs, EPA intends to develop detailed user guidance for
the TRIM computer system.  The purpose of such guidance will be to define appropriate (and
inappropriate) uses of TRIM and to assist users in applying TRIM to assess exposures and risks in
a variety of air quality situations.

Comments and suggestions are welcomed.  The OAQPS TRIM team members, with their
individual roles and addresses, are provided below.

TRIM Coordination Deirdre L. Murphy
REAG/ESD/OAQPS
MD-13
RTP, NC 27711
[murphy.deirdre@epa.gov]

TRIM.FaTE Amy B. Vasu
REAG/ESD/OAQPS
MD-13
RTP, NC 27711
[vasu.amy@epa.gov]



PREFACE

NOVEMBER 1999 TRIM.EXPO TSD (DRAFT)vi

TRIM.Expo Ted Palma Harvey M. Richmond
REAG/ESD/OAQPS HEEG/AQSSD/OAQPS
MD-13 MD-15
RTP, NC 27711 RTP, NC 27711
[palma.ted@epa.gov] [richmond.harvey@epa.gov]

TRIM.Risk Robert G. Hetes
REAG/ESD/OAQPS
MD-13
RTP, NC 27711
[hetes.bob@epa.gov]
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75,0ï([SR ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï êðì
êïì 5DWLRQDOHý)RUý'HYHORSLQJý75,0ï([SR ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï êðì
êïë 5HTXLUHGý$WWULEXWHVýRIý7KHý75,0ï([SRý0RGXOH ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï êðì
êïê 2YHUYLHZýRIý&XUUHQWý0RGHOVý$QGý0RGHOLQJý$SSURDFKHV ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï êðë

êïêïì ,QKDODWLRQý([SRVXUHý0RGHOV ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï êðç
êïêïë 0XOWLPHGLDý([SRVXUHý0RGHOV ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï êðæ

êïé 6WUHQJWKVý$QGý/LPLWDWLRQVýRIý([LVWLQJý0RGHOV ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï êðå

éï 'HVLJQý)UDPHZRUNý$QGý&RQFHSWXDOL]DWLRQýRIý75,0ï([SR ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï éðì
éïì ([SRVXUHðHYHQWý0RGXOHý6WUXFWXUH ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï éðë

éïìïì %DVLFý([SRVXUHðHYHQWý)XQFWLRQý ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï éðê
éïìïë ([SRVXUHýRUý3RWHQWLDOý'RVHý3URILOHV ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï éðé
éïìïê $YHUDJHý([SRVXUHý&RQFHQWUDWLRQ ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï éðæ
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éïìïé ,QWDNHðDGMXVWHGý$YHUDJHý([SRVXUHý&RQFHQWUDWLRQ ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï éðå
éïìïè ,QWHUPHGLDý7UDQVIHUý)DFWRU ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï éðå
éïìïç $YHUDJHý'DLO\ý3RWHQWLDOý'RVHý ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï éðä

éïë 'HILQLQJý7KHý0RGHOý&RPSRQHQWVý)RUýDý75,0ï([SRý$SSOLFDWLRQ ï ï ï ï ï ï ï ï ï ï éðä
éïëïì 'HILQHý6WXG\ý$UHDñý([SRVXUHý'LVWULFWVñý$QGý(QYLURQPHQWDOý0HGLD ï ï éðìì

éïëïìïìýý$PELHQWý$LU ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï éðìì
éïëïìïëýý9HJHWDWLRQ ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï éðìì
éïëïìïêýý6XUIDFHý6RLO ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï éðìì
éïëïìïéýý5RRWý=RQHý6RLO ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï éðìë
éïëïìïèýý9DGRVHý=RQHý6RLO ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï éðìë
éïëïìïçýý*URXQGý:DWHU ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï éðìë
éïëïìïæýý6XUIDFHý:DWHU ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï éðìë

éïëïëýý 'HILQHý([SRVXUHý0HGLDý$QGý0LFURHQYLURQPHQWV ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï éðìë
éïëïê 'HILQHý5HOHYDQWý,QWHUPHGLDý7UDQVIHUV ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï éðìé
éïëïé 'LYLGHý3RSXODWLRQý,QWRý$SSURSULDWHý6HWVýRIý&RKRUWV ï ï ï ï ï ï ï ï ï ï ï ï ï ï éðìä
éïëïè 'HYHORSýDQý([SRVXUHðHYHQWý6HTXHQFHý)RUý(DFKý&RKRUW ï ï ï ï ï ï ï ï ï ï ï éðëí
éïëïç 'HWHUPLQHý([SRVXUHý0HGLDý&RQFHQWUDWLRQVý$QGý&RQWDFWýLQý(DFK

0LFURHQYLURQPHQW ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï éðëì
éïëïæ (VWLPDWHýDQý,QWDNHý5DWHý)RUý(DFKý'RVHý(YHQW ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï éðëì
éïëïå ([WUDSRODWHý7KHý&RKRUWý([SRVXUHVýWRý7KHý3RSXODWLRQVýRIý,QWHUHVW ï ï ï éðëë
éïëïä )XQFWLRQDOý$WWULEXWHV ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï éðëè

éïëïäïìýý,QFOXVLRQýRIý,QGRRUýDQGý2XWGRRUý(QYLURQPHQWVýDQGý7KHLU
(PLVVLRQý6RXUFHV ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï éðëè

éïëïäïëýý)OH[LEOHñý0RGXODUñýDQGý3RUWDEOHý$OJRULWKPV ï ï ï ï ï ï ï ï ï ï ï ï ï éðëç
éïëïäïêýý([SOLFLWý7UHDWPHQWýRIý8QFHUWDLQW\ýDQGý9DULDELOLW\ ï ï ï ï ï ï ï ï ï éðëæ

éïê 'DWDý,QSXWý5HTXLUHPHQWV ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï éðêí
éïêïì (QYLURQPHQWDOý0HGLDý&RQFHQWUDWLRQV ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï éðêì
éïêïë &RQFHQWUDWLRQVýRIý3ROOXWDQWVýLQý0LFURHQYLURQPHQWV ï ï ï ï ï ï ï ï ï ï ï ï ï ï éðêë

éïêïëïìýý,QGRRUý9HUVXVý2XWGRRUý&RQFHQWUDWLRQV ï ï ï ï ï ï ï ï ï ï ï éðêë
éïêïëïëýý0DVVý%DODQFHý0RGHOý$SSURDFK ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï éðêê
éïêïëïêýý(PSLULFDOý,QGRRUî2XWGRRUý5DWLRVý$SSURDFK ï ï ï ï ï ï ï ï éðêé

éïêïê $FWLYLW\ý3DWWHUQý'DWD ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï éðêè
éïêïé 'HPRJUDSKLFý$QGý$WðULVNý3RSXODWLRQý'DWD ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï éðêç

èï ,QKDODWLRQ ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï èðì
èïì 2YHUYLHZýRIý7KHý$SSURDFK ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï èðì

èïìïì 6HOHFWLRQýRIý6WXG\ý$UHD ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï èðë
èïìïë 6HOHFWLRQýRIý3RSXODWLRQVýRIý,QWHUHVW ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï èðë
èïìïê 'HILQLWLRQýRIý3RSXODWLRQý&RKRUWV ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï èðë
èïìïé 'HYHORSýDQý,QKDODWLRQý([SRVXUHðHYHQWý6HTXHQFHý)RUý(DFKý&RKRUW ï ï ï èðê
èïìïè (VWLPDWHý3ROOXWDQWý&RQFHQWUDWLRQý$QGý9HQWLODWLRQý5DWHý$VVRFLDWHGý:LWK

(DFKý([SRVXUHý(YHQW ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï èðé
èïìïç ([WUDSRODWHý7KHý&RKRUWý,QKDODWLRQý([SRVXUHVýWRý7KHý3RSXODWLRQVýRI

,QWHUHVW ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï èðç
èïë 3UHVHQWDWLRQýRIý7KHý0RGHOý$OJRULWKPVýE\ý0LFURHQYLURQPHQWDOý/RFDWLRQ ï ï ï ï èðæ

èïëïì 0LFURHQYLURQPHQWDOý/RFDWLRQVý6SHFLILFýWRý,QGRRUý$LUý$QGý,QVLGHý9HKLFOHV
ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï èðæ



7$%/(ý2)ý&217(176

129(0%(5ýìäää 75,0ï(;32ý76'ýõ'5$)7ô[LLL

èïëïë 0LFURHQYLURQPHQWDOý/RFDWLRQVý6SHFLILFýWRý$PELHQWý$LU ï ï ï ï ï ï ï ï ï ï èðìí
èïê ,QWHJUDWLRQýRIý([SRVXUHý$FURVVý0XOWLSOHý/RFDWLRQVýDQGý7LPHV ï ï ï ï ï ï ï ï ï ï ï èðìë
èïé 6XPPDU\ýRIý,QSXWVýDQGý9DOXHV ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï èðìê

èïéïì 'DWDý,QSXWVýIRUýWKHý0DVVý%DODQFHý0RGHO ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï èðìê
èïéïë 'DWDý,QSXWVýIRUý7LPHîDFWLYLW\ý3DWWHUQV ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï èðìè
èïéïê 'DWDý,QSXWVýIRUý9HQWLODWLRQý5DWH ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï èðìç

çï ,QJHVWLRQ ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï çðì
çïì 2YHUYLHZýRIýWKHý$SSURDFK ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï çðì

çïìïì 6HOHFWLRQýRIý3RSXODWLRQý&RKRUWV ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï çðé
çïìïë 7LPHý5HVROXWLRQýRIý([SRVXUHý(YHQWV ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï çðè
çïìïê ([SRVXUHý0HGLDý&RQVLGHUHG ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï çðè

çïìïêïì ý,QJHVWHGý:DWHU ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï çðç
çïìïêïë ý)RRG ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï çðæ
çïìïêïê ý6RLOýDQGý'XVW ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï çðå

çïìïé ([SRVXUHý/RFDWLRQV ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï çðå
çïìïéïìýý5HVLGHQWLDOý([SRVXUHý/RFDWLRQV ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï çðå
çïìïéïëýý2WKHUý([SRVXUHý/RFDWLRQV ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï çðä

çïë 3UHVHQWDWLRQýRIýWKHý0RGHOý$OJRULWKPVýE\ý([SRVXUHý0HGLD ï ï ï ï ï ï ï ï ï ï çðä
çïëïì ,QJHVWHGý:DWHU ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï çðä
çïëïë ,QJHVWLRQýRIý6RLOýDQGý+RXVHý'XVW ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï çðìì

çïëïëïìýý6RLOý,QJHVWLRQýõ2XWGRRUVô ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï çðìë
çïëïëïëýý'XVWý,QJHVWLRQýõ,QGRRUVô ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï çðìê

çïëïê ,QJHVWLRQýRIý3ROOXWDQWVýLQý+RPHðJURZQý3URGXFHýRUý+RPHðEUHGý$QLPDOV
ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï çðìé

çïëïêïìýý9HJHWDEOHVñý)UXLWVñýDQGý*UDLQV ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï çðìè
çïëïêïëýý'DLU\ý3URGXFWV ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï çðìæ
çïëïêïêýý(JJV ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï çðìå
çïëïêïéýý0HDWýDQGý3RXOWU\ ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï çðìä

çïëïéý /RFDOO\ðJURZQý&RPPHUFLDOý)RRGV ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï çðìä
çïëïéïìýý9HJHWDEOHVñý)UXLWVñýDQGý*UDLQV ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï çðëí
çïëïéïëýý'DLU\ý3URGXFWV ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï çðëì
çïëïéïêýý(JJV ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï çðëì
çïëïéïéýý0HDWýDQGý3RXOWU\ ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï çðëì
çïëïéïèýý)LVKýõ&RPPHUFLDOñý6XEVLVWHQFHñýDQGý5HFUHDWLRQDOô ï ï çðëë

çïëïè 5HFUHDWLRQDOý6SRUWý0HDWýõ+XQWLQJô ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï ï çðëë
çïê ,QWHJUDWLRQýRIý([SRVXUHVý$FURVVý0XOWLSOHý,QJHVWLRQý0HGLD ï ï ï ï ï ï ï ï ï ï ï ï ï ï çðëê
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CHAPTER 1
INTRODUCTION

 Hazardous air pollutants (HAPs) include any air pollutant listed under CAA section 112(b); currently, there1

are 188 air pollutants designated as HAPs.  Criteria air pollutants are air pollutants for which national ambient air
quality standards (NAAQS) have been established under the CAA; at present, the six criteria air pollutants are
particulate matter, ozone, carbon monoxide, nitrogen oxides, sulfur dioxide, and lead.  
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1. INTRODUCTION

The Office of Air Quality Planning and Standards (OAQPS) of the U.S. Environmental
Protection Agency (EPA, or the Agency) has the responsibility for the hazardous and criteria air
pollutant programs described by sections 112 and 108 of the Clean Air Act (CAA).  Several
aspects of these programs require evaluation of the health risks and environmental effects
associated with exposure to these pollutants.    In response to these risk-related mandates of the1

CAA, and the scientific recommendations of the National Academy of Sciences (NAS) (NRC
1994), the Presidential/Congressional Commission on Risk Assessment and Risk Management
(CRARM) (CRARM 1997), as well as EPA guidelines and policies, OAQPS recognized the need
for improved fate and transport, exposure, and risk modeling tools that:

C Have multimedia assessment capabilities;

C Have human health and ecological exposure and risk assessment capabilities;

C Can perform multiple pollutant assessments (e.g., ability to assess mixtures of pollutants,
ability to track chemical transformations);

C Can explicitly address uncertainty and variability; 

C Have the ability to easily perform analyses iteratively, moving from the use of simpler
assumptions and scenarios to more detailed assessments; and

C Are readily available and user-friendly, so that they can be used by EPA, as well as by a
variety of Agency stakeholders.

In 1996, OAQPS embarked on a multi-year effort to develop the Total Risk Integrated
Methodology (TRIM), a time series modeling system with multimedia capabilities for assessing
human health and ecological risks from hazardous and criteria air pollutants.  

The main purpose of the TRIM Status Report (U.S. EPA 1999c) is to summarize the
work performed during the second developmental phase of TRIM.  The first phase, which
included the conceptualization of TRIM and implementation of the TRIM conceptual approach
through development of a prototype of the first TRIM module, TRIM.FaTE (U.S. EPA 1998a),
was reviewed by EPA’s Science Advisory Board (SAB) in May 1998 (U.S. EPA 1998b).  The
second developmental phase has included refining TRIM.FaTE and developing a model evaluation
plan, initiating development of the second module (TRIM.Expo), and conceptualizing the third
module (TRIM.Risk).  In addition, progress has been made on developing overarching aspects,
such as the computer framework and an approach to uncertainty and variability.  Consistent with
the integral role of peer review in the TRIM development plan, the current Status Report and
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 Following the report of the Agency Task Force on Environmental Regulatory Modeling (U.S. EPA 1994a),2

the Agency conducted the Models 2000 Conference in December 1997.  This conference has led to renewed emphasis
on Agency-wide coordination of model development and the proposal for the implementation of a Council on Regulatory
Environmental Modeling (CREM) to facilitate and promote scientifically-based, defensible regulatory computer models. 
The charter for CREM has been reviewed by SAB and is being updated for implementation by the Agency.
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Technical Support Documents (TSDs) were subjected to review by representatives from the
major program offices at EPA and an EPA Models 2000  review team prior to this SAB advisory. 2

 

This TSD describes the development of TRIM.Expo, detailing the work completed to date
toward developing the first TRIM.Expo prototypes.  More specifically, the report addresses the
following areas:

• OAQPS’ modeling needs and the intended goals for TRIM;

• Design of the TRIM modeling system;

• TRIM.Expo’s relation to the TRIM modeling system;

• Purpose and ongoing development of TRIM.Expo;

• Conceptual framework of TRIM.Expo, in the context of the general approach to exposure
assessment and modeling;

• Approach used in TRIM.Expo for calculating inhalation and ingestion exposures;

• Comparative overview of existing exposure models and modeling approaches, addressing
the strengths and limitations of some of the more commonly used exposure models;

• Plans for developing and evaluating the TRIM.Expo prototypes;

• Glossary of terms and definitions; and

• Listing of examples of input parameters for TRIM.Expo.

1.1 GOALS AND OBJECTIVES FOR TRIM

The TRIM modeling system is intended to represent the next generation of human and
environmental exposure and risk models for OAQPS.  For example, TRIM is expected to be a
useful tool for performing exposure and/or risk assessments for the following CAA programs:  the
Residual Risk Program (CAA section 112[f]); the Integrated Urban Air Toxics Strategy (CAA
section 112[k]); studies of deposition to water bodies and mercury emissions from utilities (CAA 
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sections 112[m] and 112[n]); petitions to delist individual HAPs and/or source categories (CAA
sections 112[b][3] and 112[c][9]); review and setting of the national ambient air quality standards
(NAAQS) (CAA section 109); and regulatory impact analyses (RIA).  

The goal in developing TRIM is to create a modeling system, and the components of that
system, for use in characterizing human health and ecological exposure and risk in support of
hazardous and criteria air pollutant programs under the CAA.  The goal in designing TRIM is to
develop a modeling system that is: (1) scientifically defensible, (2) flexible, and (3) user-friendly.  
(1) Characteristics of the TRIM components important to their scientific defensibility include

the following.

C Conservation of pollutant mass.  The modeled pollutant(s)’ mass will be conserved
within the system being assessed, wherever appropriate and feasible, including during
intermedia transfers.   For pollutants where transformation is modeled, the mass of the
core substance (e.g., mercury for methylmercury as well as divalent mercury) within the
modeling simulation will be preserved. 

C Ability to characterize parameter uncertainty and variability.   For critical
parameters, the impacts of parameter uncertainty and variability on model outputs will be
tracked and, where feasible, differentiated.

C Capability for multiple pollutant, multiple media, multiple exposure pathway
assessment.  The TRIM modeling system is being designed to facilitate assessment of
risks posed by aggregate exposures to single or multiple chemicals from multiple sources
and via multiple exposure pathways. 

(2) To ensure flexibility, the features of TRIM include the following.

• Modular design.  Major components of TRIM will be independent and can be used
individually, with outside information or models, or in combination.  Only those model
components necessary for evaluating the particular pollutants, pathways, and/or effect
endpoints of interest need be employed in an assessment.

• Flexibility in temporal and spatial scale.  Exposure and risk assessments will be possible
for a wide range of temporal and spatial scales, including hourly to daily or yearly time
steps, and from local (10 kilometers (km) or less) to greater spatial scales (depending on
the module). 

• Ability to assess human and ecological endpoints.  Impacts to humans and/or biota can
be assessed.

(3) To ensure that TRIM will be user-friendly for a variety of groups, including EPA, state
and local agencies, and other stakeholders, TRIM will have the following characteristics.
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 This approach is being developed for the overall TRIM system. However, it has only been implemented to3

date for the TRIM.FaTE module.
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• Easily accessible.  The TRIM modeling system will be accessible for use with a personal
computer (PC).  The system may be available for download from the Internet and
accessible through an Agency model system framework (e.g., Models-3 (U.S. EPA
1999d)).

• Well-documented.  Guidance materials for use of the TRIM modeling system will be
provided through a user’s guide, with a focus on the modular aspects of the modeling
system, limitations of the modeling system, and appropriate uses, user responsibilities, and
user options. 

• Clear and transparent.  The graphical user interface of the TRIM computer framework
will provide transparency and clarity in the functioning of the TRIM modules, and output
from the risk characterization module will document modeling assumptions, limitations,
and uncertainties.

1.2 TRIM DESIGN

The current TRIM design (Figure 1-1) includes three individual modules.  The
Environmental Fate, Transport, and Ecological Exposure module, TRIM.FaTE, accounts for
movement of a chemical through a comprehensive system of discrete compartments (e.g., media, 
biota) that represent possible locations of the chemical in the physical and biological environments
of the modeled ecosystem and provides an inventory, over time, of a chemical throughout the
entire system.  In addition to providing exposure estimates relevant to ecological risk assessment,
TRIM.FaTE generates media concentrations relevant to human pollutant exposures that can be
used as input to the Exposure-Event module, TRIM.Expo.  In TRIM.Expo, human exposures are
evaluated by tracking population groups referred to as “cohorts” and their inhalation and
ingestion through time and space.  In the Risk Characterization module, TRIM.Risk, estimates of
human exposures or doses are characterized with regard to potential risk using the corresponding
exposure- or dose-response relationships.  The TRIM.Risk module is also being designed to
characterize ecological risks from multimedia exposures.  The output from TRIM.Risk will
include documentation of the input data, assumptions in the analysis, and measures of uncertainty,
as well as the results of risk calculations and exposure analysis.  

An overarching feature of the TRIM design is the analysis of uncertainty and variability. 
A two-stage approach for providing this feature to the user is being developed .  The first stage3

includes sensitivity analyses that are useful in identifying critical parameters, while more detailed
uncertainty and variability analyses using Monte Carlo methods (e.g., for refined assessment of
the impact of the critical parameters) are available in the second stage.  The uncertainty and
variability feature augments the TRIM capability for performing iterative analyses.  For example,
the user may perform assessments varying from simple deterministic screening analyses using
conservative default parameters to refined and complex risk assessments where the impacts of
parameter uncertainty and variability are assessed for critical parameters.  
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Figure 1-1
Conceptual Design of TRIM
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Additionally, the modular design of TRIM allows for flexibility in both its development
and application.  Modules can be developed in a phased approach, with refinements being made as
scientific information and tools become available.  Furthermore, the user may select any one or
more of these modules for an assessment depending on the user’s needs.  For example, when
performing a human health risk assessment for an air pollutant for which multimedia distribution is
not significant, TRIM.Expo may be applied using ambient concentration data or the output from
an air quality model external to TRIM; the output from TRIM.Expo may then be used as input to
TRIM.Risk to perform the desired risk analyses.  In the case of a multimedia air pollutant, such as
mercury, the user may choose to run all three TRIM modules to assess both human and ecological
risks posed by multipathway exposures from multiple media.  

Overview descriptions of the TRIM modules are provided in Sections 1.2.1 through 1.2.3,
the status and plans for development are presented in Section 1.3, and plans for application appear
in Section 1.4.  A summary of the previous SAB comments and OAQPS responses is presented in
Chapter 2 of the TRIM Status Report.  The approach for handling uncertainty and variability in
TRIM is described in Chapter 3 of the TRIM Status Report.  Certain aspects of the TRIM.FaTE
module are addressed in greater detail in Chapters 4 through 7, and additional details on
TRIM.Expo and TRIM.Risk are provided in Chapters 8 and 9, respectively, of the TRIM Status
Report.  Chapter 10 of the TRIM Status Report discusses the computer framework that is being
implemented for the TRIM system.  In addition, the TRIM.FaTE TSD (U.S. EPA 1999a,b)
provides more detail on TRIM.FaTE.

1.2.1 DESCRIPTION OF TRIM.FaTE

The first TRIM module to be developed, TRIM.FaTE, is a spatial compartmental mass
balance model that describes the movement and transformation of pollutants over time, through a
user-defined, bounded system that includes both biotic and abiotic components (compartments). 
The TRIM.FaTE module predicts pollutant concentrations in multiple environmental media and in
biota and pollutant intakes for biota, all of which provide both temporal and spatial exposure
estimates for ecological receptors (i.e., plants and animals).  The output concentrations from
TRIM.FaTE also can be used as inputs to a human exposure model, such as TRIM.Expo, to
estimate human exposures.  

Significant features of TRIM.FaTE include:  (1) the implementation of a truly coupled
multimedia model; (2) the flexibility to define a variety of scenarios, in terms of the links among
compartments as well as the number and types of compartments, as appropriate for the desired
spatial and temporal scale of assessment; (3) the use of a transparent approach to chemical mass
transfer and transformation based on an algorithm library that allows the user to change how
environmental processes are modeled; (4) an accounting for all of the pollutant as it moves among
the environmental compartments; (5) an embedded procedure to characterize uncertainty and
variability; and (6) the capability to provide exposure estimates for ecological receptors.  The
TRIM.FaTE module is the most fully developed of the TRIM modules at this time, and this
development has produced a library of algorithms that account for transfer of chemical mass
throughout an environmental system, a database of the information needed to initialize these
algorithms for a test site, and a working computer model.
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TRIM.Expo KEY TERMS 

Cohort - A group of people within a population with
the same demographic variables who are assumed to
have similar exposures.

Activity pattern - A series of discrete events of
varying time intervals describing information about an
individual’s lifestyle and routine.  The information
contained in an activity pattern typically includes the
locations that the individual visited (usually described
in terms of microenvironments), the amount of time
spent in those locations, and a description of what the
individual was doing in each location (e.g., sleeping,
eating, exercising). 

Microenvironment - A defined space in which human
contact with an environmental pollutant takes place
and which can be treated as a well- characterized,
relatively homogeneous location with respect to
pollutant concentrations for a specified time period.

Exposure district - A geographic location within a
defined physical or political region where there is
potential contact between an organism and a pollutant
and for which environmental media concentrations
have been estimated either through modeling or
measurement.

1.2.2 DESCRIPTION OF TRIM.Expo

The TRIM.Expo module, similar to most human exposure assessment models, provides an
analysis of the relationships between various chemical concentrations in the environment and
exposure levels of humans.  Because multiple sources of environmental contamination can lead to
multiple contaminated media, including air, water, soil, food, and indoor air, it is useful to focus
on the contaminated environmental media with which a human population will come into contact. 
These media typically include the envelope of air surrounding an individual, the water and food
ingested by an individual, and the layer of soil and/or water that contacts the surface of an
individual.  The magnitude and relative contribution of each exposure pathway must be
considered to assess total exposure to a particular chemical.  Currently, the focus of TRIM.Expo
development is on inhalation and ingestion exposure; however, dermal exposure will be added
later.  

The exposure analysis process
consists of relating chemical
concentrations in environmental media
(e.g., air, surface soil, root zone soil,
surface water) to chemical
concentrations in the exposure media
with which a human or population has
contact (e.g., air, tap water, foods,
household dusts, and soils).  The initial
prototype for TRIM.Expo will predict
exposure by tracking the movement of a
population cohort through locations
where chemical exposure can occur
according to a specific activity pattern. 
In a typical application, TRIM.FaTE
could be used to provide an inventory of
chemical concentrations across the
ecosystem at selected time intervals (e.g.,
days, hours).  For chemicals that are not
persistent and/or bioaccumulative,
processed air monitoring data or air
dispersion modeling results can be
substituted for TRIM.FaTE output data. 
The TRIM.Expo module would then use
these chemical concentration data,
combined with the activity patterns of
the cohorts, to estimate exposures.  The
movements are defined as an exposure-
event sequence that can be related to time periods for which exposure media concentrations are
available (e.g., from TRIM.FaTE, ambient data, and/or dispersion modeling results).  Each
exposure event places the population cohort in contact with one or more environmental media
within a specified microenvironment (e.g., inside a home, along a road, inside a vehicle) in an
exposure district for a specified time interval.  In addition to the location assignments, the
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member of a population.  Rather, it refers to the estimate of risk for a subgroup of a population that is presented as an
estimate of the risk faced by a person rather than by the population as a whole.
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exposure event would provide information relating to the potential for pollutant uptake, such as
respiration rate and quantity of water consumed.  The TRIM.Expo module is intended to
contribute to a number of health-related assessments, including risk assessments and status and
trends analyses.  

1.2.3 DESCRIPTION OF TRIM.Risk

Risk characterization is the final step in risk assessment and is primarily used to integrate
the information from the other three key steps (i.e., hazard identification, dose-response
assessment, exposure assessment).  Within the TRIM framework, TRIM.Risk, the risk
characterization module, will be used to integrate the information on exposure (human or
ecological receptor) with that on dose-response or hazard and for providing quantitative
descriptions of risk and some of the attendant uncertainties.  The TRIM.Risk module will provide
decision makers and the public with information for use in developing, evaluating, and selecting
appropriate air quality standards and risk management strategies.  The purpose of TRIM.Risk is
to integrate information from other TRIM modules and to facilitate the preparation of a risk
characterization.  The TRIM.Risk module will, therefore, be able to summarize or highlight the
major points from each of the analyses conducted in the other TRIM modules.  Where possible,
the TRIM.Risk module will do so in an automated manner.  In general, TRIM.Risk will (1)
document assumptions and input data, (2) conduct risk calculations and data analysis, and (3)
present results and supporting information.  

Current and proposed EPA guidance on risk characterization will guide the development
of TRIM.Risk.  The TRIM.Risk module will be developed in a phased approach similar to other
TRIM modules.  Ideally, TRIM.Risk will provide all of the information required to prepare a full
risk characterization.  However, the type and variability of information needed for this purpose
are vast.  Therefore, the type of information generated by TRIM.Risk will evolve over time as the
Agency gains experience and has the resources to implement more flexibility.  For example, early
versions of TRIM.Risk will be limited to preparing summaries of input data and results, without
supporting text.  However, as the Agency gains experience, it may be possible to incorporate
generic language to more fully describe the information required for a full risk characterization. 
Many EPA risk assessments will be expected to address or provide descriptions of (1) individual
risk,  including the central tendency and high-end portions of the risk distribution, (2) population4

risk, and (3) risk to important subgroups of the population such as highly exposed or highly
susceptible groups or individuals, if known.  Some form of these three types of descriptors will be
developed within TRIM.Risk and presented to support risk characterization.  Because people
process information differently, it is appropriate to provide more than one format for presenting
the same information.  Therefore, TRIM.Risk will be designed so that the output can be presented
in various ways in an automated manner (e.g., Chart Wizard in Microsoft  Excel), allowing the®

user to select a preferred format. 
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1.3 TRIM DEVELOPMENT

In the development of TRIM, existing models and tools are being relied upon where
possible.  Adopting or incorporating existing models or model components into a tool that meets
OAQPS’ needs is preferable as it is usually the most cost-effective approach.  Consequently,
review of existing models and consideration of other current modeling efforts is an important part
of TRIM development activities.  Reviews of relevant models existing at the initiation of
development activities for each module are described in this document and in the TRIM.FaTE
TSD.  Additionally, OAQPS is closely following several current activities as they relate to TRIM.

Current Agency model development activities relevant to TRIM development include the
recently published updated guidance on assessing health risks associated with indirect exposure to
combustor emissions (U.S. EPA 1999h). This guidance, previously referred to as the Indirect
Exposure Methodology (IEM), is now called the Multiple Pathways of Exposure (MPE) method. 
In addition, the multimedia model, FRAMES-HWIR, has recently been developed by the Agency
to support a specific risk assessment need regarding hazardous chemicals released from land-
based waste management units.  The FRAMES-HWIR model has been developed as part of a
focused fast-track (two-year) effort to support a risk-based regulation regarding disposal of
hazardous waste (HWIR99).    Another model of interest for multimedia pollutants is the5

Stochastic Human Exposure and Dose Simulation (SHEDS) model (e.g., Özkaynak et al.  1999). 
The OAQPS will be carefully considering the various aspects of MPE, FRAMES-HWIR, and
SHEDS with regard to OAQPS needs, as well as compatibility with or future improvements or
evaluations of TRIM.  As TRIM is intended to be a dynamic method, developmental activities will
consider and respond as appropriate to newly available methods and scientific information.  

A current major Agency research project involves the design and development of a flexible
software system to simplify the development and use of air quality models and other
environmental decision support tools.  This system, called Models-3, is designed for applications
ranging from regulatory and policy analysis to understanding the complex interactions of
atmospheric chemistry and physics (U.S. EPA 1999d).  The June 1999 release of Models-3
contains a Community Multi-Scale Air Quality (CMAQ) modeling system for urban- to regional-
scale air quality simulation of tropospheric ozone, acid deposition, visibility, and fine particles. 
The long-term goal is to extend the system to handle integrated cross-media assessments and
serve as a platform for community development of complex environmental models.  In recognition
of the availability of Models-3 over the longer term, OAQPS has designed and is developing the
TRIM computer framework to be compatible with the Models-3 system.

1.3.1 INITIAL DEVELOPMENT ACTIVITIES

The first phase of TRIM development included the conceptualization of TRIM and the
implementation of the TRIM conceptual approach through the development of a prototype of the
first TRIM module, TRIM.FaTE (U.S. EPA 1998a).  The progress on TRIM.FaTE included the
development of (1) a conceptual design for the module; (2) a library of algorithms that account
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for chemical mass transfer throughout the ecosystem; (3) a database to initialize the algorithms for
a test site; and (4) a working prototype in spreadsheet format.   

Consistent with Agency peer review policy (U.S. EPA 1998c) and the 1994 Agency Task
Force on Environmental Regulatory Modeling (U.S. EPA 1994a), internal and external peer
review are an integral part of the TRIM development plan.  Following the first phase of TRIM
development, OAQPS submitted TRIM to SAB under their advisory method of review (U.S. EPA
1998b).   In May 1998 in Washington, DC, the Environmental Models Subcommittee
(Subcommittee) of the Executive Committee of SAB reviewed the TRIM project.  The SAB
Subcommittee was charged with assessing the overall conceptual approach of TRIM and the
specific approach of TRIM.FaTE.

The SAB Subcommittee reported that the development of TRIM and the TRIM.FaTE
module was conceptually sound and scientifically based (U.S. EPA 1998b).  The SAB
Subcommittee provided specific recommendations related to six specific charge questions.  The
SAB recommendations are detailed in Chapter 2 of the TRIM Status Report along with brief
responses, and changes to TRIM.FaTE based in part on the SAB recommendations are
highlighted in Chapter 4 of the TRIM Status Report.  

1.3.2 RECENT ACTIVITIES

During the most recent developmental phase of TRIM, progress has been made in many
areas, including a change to the overall modular design of TRIM.  As shown in Figure 1-1, the
TRIM design now includes three modules: TRIM.FaTE, TRIM.Expo, and TRIM.Risk.  The
design presented to SAB in May 1998 included three other modules (Pollutant Uptake,
Biokinetics, and Dose/Response).  In recognition of the flexibility of the TRIM design, which
provides an ability to rely on a variety of input data and outside models, OAQPS decided not to
include the development of these modules in the TRIM design at this time.

In consideration of SAB comments, TRIM.FaTE was refined, including the development
of new and updated capabilities, as well as the development and limited testing of  methodologies
for model set-up, uncertainty and variability analysis, and evaluation.  In addition, OAQPS
developed a conceptual plan for TRIM.Expo, initiated work on a prototype of TRIM.Expo
(initially focusing on inhalation), and developed a conceptual design for TRIM.Risk. 
Furthermore, the overall computer framework for TRIM was designed and implemented in a PC-
based platform, and substantial progress was made in installing TRIM.FaTE into this framework. 
Changes and additions to TRIM.FaTE are discussed in more detail in Chapter 4 of the TRIM
Status Report.  The development of TRIM.Expo is discussed in Chapter 8, and the conceptual
plan for TRIM.Risk is described in Chapter 9 of the TRIM Status Report.  In addition, the
TRIM.FaTE TSD provides more details on TRIM.FaTE.  

The current TRIM documentation has gone through internal Agency peer review, which
involved reviewers across the Agency, including the major program offices, the Office or
Research and Development, and staff involved in the Agency’s Models 2000 efforts.  The current
SAB advisory will be the second on TRIM development activities. 
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1.3.3 FUTURE ACTIVITIES

Following the 1999 SAB advisory, improvements will be made to the uncertainty and
variability approach, TRIM.Expo prototype, and TRIM.Risk conceptual plan.  These revisions are
scheduled to be completed in 2000.  As needed, refinements will be made to the TRIM.FaTE
evaluation plan, and completion of the bulk of those activities are also scheduled for 2000.  The
Agency has planned for a substantial amount of progress on each of the TRIM modules for 2000
and 2001, as described below.  

• TRIM.FaTE.  Future work on TRIM.FaTE will include model evaluation activities and
additional development of the module to accommodate additional chemicals.  The
TRIM.FaTE module is expected to be available for limited external use late in 2000 and to
be publicly released in 2001.

• TRIM.Expo.  Future work on TRIM.Expo in 2000 will include the further development
of ingestion algorithms, incorporation of EPA’s Air Pollutant Exposure Model (APEX)
coding into the TRIM platform followed by adjustments to APEX to include ingestion
algorithms, a test case of the inhalation pathway, and a test case of inhalation and
ingestion pathways.  Over the longer term, addition of the dermal pathway to the module
will be initiated.

• TRIM.Risk.  Development of TRIM.Risk will begin after SAB comments are received on
the conceptual design.  Module development will include identification of data needs and
formatting of data outputs.  Programming for a TRIM.Risk prototype is expected to be
completed in 2000.

• TRIM computer framework.  Further development of the TRIM computer framework,
including incorporation of the TRIM.Expo (inhalation) module, will take place during
2000.  Features to be refined during this time frame include limited geographic information
system (GIS) or mapping capabilities.  Additionally, long-range comprehensive GIS
planning will occur.  Development of user guidance materials is planned for 2000 (see text
box).

In addition to consulting with Agency scientists during future TRIM development (i.e.,
peer involvement), in late 2000 or early 2001, OAQPS will seek both internal and external peer
review of new aspects following the next phase of TRIM development.  In addition to the SAB,
which provides the Agency with reviews, advisories, and consultations, other external peer review
mechanisms consistent with Agency policy (U.S. EPA 1998c) include the use of a group of
independent experts from outside the Agency (e.g., a letter review by outside scientists), an ad
hoc panel of independent experts, and peer review workshops.  The OAQPS intends to seek the
peer review mechanism appropriate to the importance, nature, and complexity of the material for
review.
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USER GUIDANCE

Development of the TRIM user’s guide is scheduled to begin in 2000, along with a plan for
training activities.  The OAQPS recognizes the importance of developing detailed user guidance that
will assist users in defining, for a particular modeling application, the spatial and temporal resolution,
compartments and linkages, and parameters and initial conditions.  For example, the TRIM.FaTE
guidance will likely emphasize the value of performing several different preliminary simulations in
verifying the adequacy of the parcel and compartment specifications for the desired application.  
Similarly, detailed user guidance will be developed for TRIM.Expo to assist users in defining cohorts,
study areas, exposure districts, and microenvironments, as well as various parameters and exposure
factors.  

It also will be important for the guidance to note the responsibility of the user in defining the
simulation as appropriate to the application.  For example, in TRIM.FaTE, default values will likely be
made available with the model for a variety of parameters ranging from physiological characteristics of
various biota to physical characteristics of abiotic media; the user will need to consider appropriateness
of these values or others (e.g., site-specific data) for their application.  While the TRIM modules are
intended to provide valuable tools for risk assessment, and their documentation and guidance will
identify, as feasible, uncertainties and limitations associated with their application, the guidance will
emphasize that their appropriate use and the characterization of uncertainties and limitations
surrounding the results are the responsibility of the user.

1.4 PHASING TRIM  INTO OAQPS’ SET OF MODELING TOOLS

As mentioned earlier, TRIM is intended to support assessment activities for both the
criteria and hazardous air pollutant programs of OAQPS.  As a result of the greater level of effort
expended by the Agency on assessment activities for criteria air pollutants, these activities are
generally more widely known.  To improve the public understanding of the hazardous air
pollutant (or air toxics) program, the Agency published an overview of the air toxics program in
July 1999 (U.S. EPA 1999e).  Air toxics assessment activities (National Air Toxics Assessment, 
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 Within the air toxics program, these activities are intended to help EPA identify areas of concern (e.g.,6

pollutants, locations, or sources), characterize risks, and track progress toward meeting the Agency’s overall air toxics
program goals, as well as the risk-based goals of the various activities and initiatives within the program, such as
residual risk assessments and the Integrated Urban Air Toxics Strategy. More specifically, NATA activities include
expansion of air toxics monitoring, improvements and periodic updates to emissions inventories, national- and local-
scale air quality modeling, multimedia and exposure modeling (including modeling that considers stationary and mobile
sources), continued research on health effects of and exposures to both ambient and indoor air, and use and improvement
of exposure and assessment tools.  These activities are intended to provide the Agency with improved characterizations
of air toxics risk and of risk reductions resulting from emissions control standards and initiatives for both stationary and
mobile source programs.  

 In support of the Mercury Report to Congress (U.S. EPA 1997a) and the Study of Hazardous Air Pollutant7

Emissions from Electric Utility Steam Generating Units -- Final Report to Congress (U.S. EPA 1998d), the Agency
relied upon the Indirect Exposure Methodology, which has recently been updated and is now termed the Multiple
Pathways of Exposure methodology (U.S. EPA 1999h).  This methodology is being used in initial assessment activities
for the Residual Risk Program (U.S. EPA 1999f).

NOVEMBER 1999 1-13 TRIM.EXPO TSD (DRAFT)

EXAMPLES OF TRIM APPLICATIONS

C A human health or ecological assessment of
multimedia, multipathway risks associated
with mercury emissions from one or several
local sources could be performed using all
three modules in the TRIM system.

C An assessment of human health risks
associated with air emissions of a criteria air
pollutant (e.g., ozone) or one or several
volatile HAPs in a metropolitan area could be
developed using an external air model or
ambient concentration data from fixed-site
monitors coupled with TRIM.Expo and
TRIM.Risk.

or NATA) are described as one of the program’s key components.    The NATA includes both6

national- and local-scale activities.  The TRIM system is intended to provide tools in support of
local-scale assessment activities, including multimedia analyses.

One of the Agency’s most immediate
needs for TRIM comes in the Residual Risk
Program, in which there are statutory
deadlines within the next two to nine years for
risk-based emissions standards decisions.  As
described in the Residual Risk Report to
Congress (U.S. EPA 1999f), TRIM is
intended to improve upon the Agency’s ability
to perform multipathway human health risk
assessments and ecological risk assessments
for HAPs with the potential for multimedia
environmental distribution.  Another
important upcoming use for TRIM is in
exposure assessment in support of the review
of the ozone NAAQS.  The TRIM.Expo and
TRIM.Risk modules augmented with external
air quality monitoring data and models are intended to support this type of criteria pollutant
assessment as well as risk assessments for non-multimedia HAPs.

Consistent with the phased plan of TRIM development, the application of TRIM will also
be initiated in a phased approach.  With the further development of the TRIM modules in 2000
and 2001, EPA will begin to use the modules to contribute to or support CAA exposure and risk
assessments.  These initial applications also will contribute to model evaluation.  The earliest
TRIM activities are expected to include the use of TRIM.FaTE side-by-side (at a comparable
level of detail) with the existing multimedia methodology  in risk assessments of certain7

multimedia HAPs (e.g., mercury) under the Residual Risk Program.  As TRIM.Expo is developed
to accommodate inhalation modeling of HAPs and after it has undergone testing, OAQPS plans to
initially run it side-by-side (at a comparable level of detail) with EPA’s existing inhalation
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exposure model, HEM (Human Exposure Model (U.S. EPA 1986)).  When TRIM.Risk has been
completed, it will be used, as appropriate, in both criteria and hazardous air pollutant risk
assessments.  

In later years, OAQPS intends to use TRIM and the TRIM modules in a variety of
activities including (1) residual risk assessments using TRIM.FaTE, TRIM.Expo, and TRIM.Risk,
in combinations appropriate to the environmental distribution characteristics of the HAPs being
assessed; (2) urban scale assessments on case study cities as part of the Integrated Urban Air
Toxics Strategy; and (3) exposure and risk assessments of criteria air pollutants (e.g., ozone,
carbon monoxide) in support of NAAQS reviews.
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+XPDQýH[SRVXUHVýWRýSROOXWDQWVýFDQýUHVXOWýIURPýFRQWDFWýZLWKýFRQWDPLQDWHGýDLUñýZDWHUñ
VRLOVñýDQGýIRRGñýDVýZHOOýDVýZLWKýGUXJVýDQGýFRQVXPHUýSURGXFWVïýý([SRVXUHVýPD\ýEHýGRPLQDWHGýE\
FRQWDFWýZLWKýDýVLQJOHýPHGLXPñýRUýFRQFXUUHQWýFRQWDFWVýZLWKýPXOWLSOHýPHGLDýPD\ýEHýVLJQLILFDQWïý
7KHýQDWXUHýDQGýH[WHQWýRIýVXFKýH[SRVXUHVýGHSHQGýODUJHO\ýRQýWZRýWKLQJVãýýõìôýKXPDQýIDFWRUVýDQGýõëô
WKHýFRQFHQWUDWLRQVýRIýDýSROOXWDQWýLQýWKHýH[SRVXUHýPHGLDïýý+XPDQýIDFWRUVýLQFOXGHýDOOýEHKDYLRUDOñ
VRFLRORJLFDOñýDQGýSK\VLRORJLFDOýFKDUDFWHULVWLFVýRIýDQýLQGLYLGXDOýRUýFRKRUWýõLïHïñýDýJURXSýRIýSHRSOH
ZLWKLQýDýSRSXODWLRQýWKDWýFDQýEHýDJJUHJDWHGýEHFDXVHýWKHýYDULDWLRQýLQýH[SRVXUHýZLWKLQýWKHýJURXSýLV
PXFKýOHVVýWKDQýWKHýJURXSðWRðJURXSýYDULDWLRQýDFURVVýWKHýSRSXODWLRQôýWKDWýGLUHFWO\ýRUýLQGLUHFWO\
DIIHFWýDýSHUVRQ©VýFRQWDFWýZLWKýWKHýVXEVWDQFHVýRIýFRQFHUQïýý,PSRUWDQWýEHKDYLRUDOýIDFWRUVýDUHýFRQWDFW
UDWHVýZLWKýIRRGñýDLUñýZDWHUñýDQGýVRLOVïýý$FWLYLW\ýSDWWHUQVñýZKLFKýDUHýGHILQHGýE\ýDQýLQGLYLGXDOöVýRU
FRKRUW©VýDOORFDWLRQýRIýWLPHýVSHQWýLQýGLIIHUHQWýDFWLYLWLHVýDWýYDULRXVýORFDWLRQVñýDUHýDOVRýVLJQLILFDQW
EHFDXVHýWKH\ýGLUHFWO\ýDIIHFWýWKHýPDJQLWXGHýRIýH[SRVXUHVýWRýVXEVWDQFHVýSUHVHQWýLQýGLIIHUHQWýLQGRRU
DQGýRXWGRRUýHQYLURQPHQWVïýý,QIRUPDWLRQýRQýDFWLYLW\
SDWWHUQVýDUHýWDNHQýIURPýPHDVXUHGýGDWDýFROOHFWHG
GXULQJýILHOGýDQGýWHOHSKRQHýVXUYH\VýRIýLQGLYLGXDOV©
GDLO\ýDFWLYLWLHVñýWKHýDPRXQWýRIýWLPHýVSHQWýHQJDJHG
LQýWKRVHýDFWLYLWLHVñýDQGýWKHýORFDWLRQVýZKHUHýWKH
DFWLYLWLHVýRFFXUïýý

)URPýDQýH[SRVXUHýDVVHVVPHQWýVWDQGSRLQWñ
WKHýSULQFLSDOýJRDOýLVýWRýHVWLPDWHýRUýPHDVXUH
H[SRVXUHýDVýDýIXQFWLRQýRIýERWKýWKHýUHOHYDQWýKXPDQ
IDFWRUVýDQGýWKHýPHDVXUHGýRUýHVWLPDWHGýSROOXWDQWýFRQFHQWUDWLRQVýLQýWKHýFRQWDFWñýRUýH[SRVXUHñýPHGLDïý

ëïì 5$7,21$/(ý$1'ý1(('ý)25ý75,0ï([SR

7KHýPRGHOVýFXUUHQWO\ýEHLQJýXVHGýE\ý2$436ýIRUýHVWLPDWLQJýKXPDQýH[SRVXUHýWRýFULWHULDýDLU
SROOXWDQWVýDQGý+$3VýGRýQRWýLQFOXGHýPXOWLPHGLDýH[SRVXUHVïýý)XUWKHUPRUHñýWKHýPRGHOVýWKDW
HVWLPDWHýH[SRVXUHVýWRý+$3VýGRýQRWýDGHTXDWHO\ýHVWLPDWHýWKHýVSDWLDOýDQGýWHPSRUDOýSDWWHUQVýRI
H[SRVXUHVýIRUýDOOýRIýWKHý+$3VýOLVWHGýLQýVHFWLRQýììëõEôýRIýWKHý&$$ïýý,QýDGGLWLRQñýDýUHYLHZýRI
FXUUHQWO\ýDYDLODEOHýH[SRVXUHýPRGHOVýDQGýPRGHOLQJýV\VWHPVýUHYHDOHGýWKDWýQRýVLQJOHýPRGHOýRU
PRGHOLQJýIUDPHZRUNýPHHWVýWKHýQHHGVýRIý2$436ñýRUýFRXOGýIXQFWLRQýHIIHFWLYHO\ýE\ýLWVHOIýDVýSDUWýRI
WKHý75,0ýPRGHOLQJýV\VWHPýIRUýHVWLPDWLQJýPXOWLPHGLDýH[SRVXUHVýIRUýDýSRSXODWLRQïýý0RVWýPRGHOV
DUHýFRQVWUDLQHGýE\ýWKHýW\SHVýRIýPHGLDýDQGýHQYLURQPHQWDOýSURFHVVHVýWKDWýFDQýEHýDGGUHVVHGïý
)XUWKHUPRUHñýQRýPRGHOýZDVýLGHQWLILHGýWKDWýDGGUHVVHVýWKHýEURDGýUDQJHýRIýSROOXWDQWVýDQG
HQYLURQPHQWDOýIDWHýDQGýWUDQVSRUWýSURFHVVHVýWKDWýDUHýDQWLFLSDWHGýWRýH[LVWýIRUý+$3VýDQGýFULWHULDýDLU
SROOXWDQWVïýý7KHUHIRUHñý2$436ýFRQFOXGHGýWKDWýWKHýFXUUHQWO\ýDYDLODEOHýH[SRVXUHýPRGHOVýDQG
PRGHOLQJýIUDPHZRUNVýDUHýQRWýVXIILFLHQWO\ýLQWHJUDWHGýPXOWLPHGLDýV\VWHPVýWKDWýFDQýSURYLGHýWKH
WHPSRUDOýDQGýVSDWLDOýUHVROXWLRQýQHHGHGýIRUýHVWLPDWLQJýKXPDQýH[SRVXUHVï

(;32685(

7KHýFRQWDFWýEHWZHHQýDýWDUJHWýRUJDQLVP
DQGýDýSROOXWDQWýDWýWKHýRXWHUýERXQGDU\ýRI
WKHýRUJDQLVPïýý([SRVXUHýPD\ýEH
TXDQWLILHGýDVýWKHýDPRXQWýRIýSROOXWDQW
DYDLODEOHýDWýWKHýERXQGDU\ýRIýWKHýUHFHSWRU
RUJDQLVPýSHUýVSHFLILHGýWLPHýSHULRGïý
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7KHý75,0ýH[SRVXUH
DVVHVVPHQWýSURFHVVýUHODWHV
SROOXWDQWýFRQFHQWUDWLRQVýLQ
WKHýODUJHUýHQYLURQPHQWDO
PHGLDýWRýSROOXWDQW
FRQFHQWUDWLRQVýLQýWKH
LPPHGLDWHýH[SRVXUHýPHGLD
ZLWKýZKLFKýDýKXPDQ
SRSXODWLRQýKDVýGLUHFW
FRQWDFWïýý75,0ï([SRýVLPXODWHVýWKHýPRYHPHQWýRIýDQýLQGLYLGXDOýDQGîRUýFRKRUWVýDFFRUGLQJýWR
DFWLYLW\ýSDWWHUQVýWKURXJKýORFDWLRQVýõFDOOHGýPLFURHQYLURQPHQWVôýLQýDýGHILQHGýSK\VLFDOýRUýSROLWLFDO
UHJLRQýõLïHïñýH[SRVXUHýGLVWULFWVôïýýý7KHýPRYHPHQWýRIýLQGLYLGXDOVýRUýFRKRUWVýFRLQFLGHVýZLWK
SROOXWDQWVýDWýYDU\LQJýFRQFHQWUDWLRQVïýý7KLVýFUHDWHVýWKHýSRWHQWLDOýIRUýFRQWDFWýEHWZHHQýLQGLYLGXDOVýRU
FRKRUWVýDQGýSROOXWDQWVñýWKXVýDOORZLQJýWKHýHVWLPDWLRQýRIýH[SRVXUHVýRIýYDULRXVýLQGLYLGXDOVýDQG
FRKRUWVýZLWKLQýWKHýSRSXODWLRQýWRýWKHýSROOXWDQWVýRIýLQWHUHVWï

:KLOHý2$436
VXSSRUWVýDQGýUHFRJQL]HVýWKH
YDOXHýRIýFROOHFWLQJýSROOXWDQW
PRQLWRULQJýGDWDýIRUýDýYDULHW\
RIýWDVNVýõHïJïñýDVVHVVPHQWýRI
WUHQGVñýGHWHUPLQDWLRQýRI
DWWDLQPHQWýRIýVWDQGDUGVýIRU
FULWHULDýSROOXWDQWVñýHYDOXDWLRQ
RIýH[SRVXUHýPRGHOVôñýH[SRVXUHýPRGHOLQJýLVýFOHDUO\ýQHHGHGýIRUýVHYHUDOýUHDVRQVïýý)LUVWñýLWýLVýYHU\
GLIILFXOWýWRýPRQLWRUýWKHýH[SRVXUHýRIýKXPDQVýWRýORZýFRQFHQWUDWLRQýPL[WXUHVýRIýDýODUJHýQXPEHUýRI
HQYLURQPHQWDOýSROOXWDQWVïýý'LUHFWýPRQLWRULQJýRIýH[SRVXUHýõLïHïñýSHUVRQDOýPRQLWRULQJôýKDVýEHHQ
FDUULHGýRXWýIRUýDýQXPEHUýRIýDLUERUQHýSROOXWDQWVñýEXWýRQO\ýOLPLWHGýGLUHFWýPRQLWRULQJýVWXGLHVýKDYH
EHHQýXVHGýWRýDVVHVVýLQJHVWLRQýDQGýGHUPDOýH[SRVXUHVïýý)XUWKHUPRUHñýGLUHFWýPRQLWRULQJýLVýDýUHVRXUFH
LQWHQVLYHýSURFHVVïýý7KLVýLVýHVSHFLDOO\ýWUXHýIRUýODUJHýSRSXODWLRQVñýZKHUHýWKHýSODQQLQJñýFRQGXFWñýDQG
HYDOXDWLRQýRIýVXFKýGLUHFWýPRQLWRULQJýVWXGLHVýFDQýEHýDýOHQJWK\ýDQGýFRVWO\ýSURFHVVïý

,QýDGGLWLRQñýWKHýXVHýRIýPRGHOLQJýLVýUHTXLUHGýRUýSUHIHUUHGýWRýDGGUHVVýWKHýIROORZLQJ
UHJXODWRU\ýDVVHVVPHQWýQHHGVïý

� &RQVLGHUDWLRQýRIýK\SRWKHWLFDOýVLWXDWLRQVïýý0RGHOLQJýFDQýDGGUHVVýVLWXDWLRQVýVXFKýDV
LPSDFWVýRIýSODQQHGýIDFLOLWLHVñýSURSRVHGýFRQWUROVýRQýH[LVWLQJýIDFLOLWLHVñýH[SRVXUHýXSRQ
DWWDLQPHQWýRIýDPELHQWýVWDQGDUGVñýDQGýDFFLGHQWDOýUHOHDVHVï

� 7HPSRUDOýIOH[LELOLW\ïýý0RGHOLQJýFDQýEHýSHUIRUPHGýIRUýDýIXWXUHýWLPHýSHULRGï

� 6RXUFHýDWWULEXWLRQïýý,QGLYLGXDOýVRXUFHVýDQGîRUýVRXUFHýFDWHJRULHVýFDQýEHýWUDFNHG
WKURXJKRXWýWKHýPRGHOLQJýSURFHVVýWRý\LHOGýHVWLPDWHVýRIýWKHýUHODWLYHýFRQWULEXWLRQýRU
LPSRUWDQFHýRIýHDFKýVRXUFHýRUýVRXUFHýFDWHJRU\ýWRýRYHUDOOýH[SRVXUHVï

75,0©6ý(;32685(ý$66(660(17ý352&(66ý

75,0ï([SRýUHODWHVýSROOXWDQWýFRQFHQWUDWLRQVýLQýWKHýODUJHU
HQYLURQPHQWDOýPHGLDýWRýSROOXWDQWýFRQFHQWUDWLRQVýLQýWKH
LPPHGLDWHýH[SRVXUHýPHGLDýZLWKýZKLFKýDýKXPDQýSRSXODWLRQýKDV
GLUHFWýFRQWDFWï

(;32685(ý$66(660(17

0HDVXUHPHQWýRUýHVWLPDWLRQýRIýWKHýPDJQLWXGHñýIUHTXHQF\ñýGXUDWLRQñ
DQGýURXWHýRIýH[SRVXUHýRIýELRORJLFDOýRUJDQLVPVýWRýSROOXWDQWVýLQýWKH
HQYLURQPHQWýIRUýDýVSHFLILHGýWLPHýSHULRGïýý$QýH[SRVXUHýDVVHVVPHQW
DOVRýGHVFULEHVýWKHýQDWXUHýRIýH[SRVXUHýDQGýWKHýVL]HýDQGýQDWXUHýRI
WKHýH[SRVHGýSRSXODWLRQVï
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� ,QFOXVLRQýRIýPRUHýFKHPLFDOýVSHFLHVïýý3HUVRQDOýPRQLWRULQJýWHFKQLTXHVýGRýQRWýH[LVWýIRUýDOO
SROOXWDQWVýDWýWKHýSUHVHQWýWLPHï

� 5HSUHVHQWDWLRQýRIýORQJðWHUPýFRQGLWLRQVïýý0RGHOLQJýFDQýDGGUHVVýORQJðWHUPýWLPHýVFDOHV
QHHGHGýIRUýDVVHVVPHQWýRIýFKURQLFýH[SRVXUHVïýý3HUVRQDOýPRQLWRULQJýVWXGLHVýDUHýJHQHUDOO\
VKRUWðWHUPýVWXGLHVñýVLQFHýZHDULQJýWKHýPRQLWRULQJýHTXLSPHQWýLVýWRRýEXUGHQVRPHýIRU
ORQJðWHUPýVWXGLHVýWRýEHýSUDFWLFDOï

7KHýH[WHQWýWRýZKLFKýPRGHOHGýH[SRVXUHýHVWLPDWHVýZRXOGýGLIIHUýEHWZHHQýWKHýFXUUHQWO\
DYDLODEOHýPRGHOVýDQGýDýWUXO\ýFRXSOHGýVRXUFHðWRðGRVHñýPXOWLPHGLDýPRGHOLQJýV\VWHPñýVXFKýDV
75,0ñýLVýXQNQRZQïýý+RZHYHUñýPRGHOVýWKDWýDUHýQRWýIXOO\ýFRXSOHGýKDYHýORQJýEHHQýFRQVLGHUHGýWR
ODFNýVFLHQWLILFýFUHGLELOLW\ïýý7KHUHIRUHñý2$436ýKDVýGHWHUPLQHGýWKDWýLWýLVýQHFHVVDU\ýWRýXQGHUWDNH
HIIRUWVýWRýGHYHORSýDýWUXO\ýFRXSOHGýPXOWLPHGLDýH[SRVXUHýPRGHOLQJýIUDPHZRUNïýý)LJXUHýëðì
LOOXVWUDWHVýWKHýVHOHFWHGýPRGHOLQJýIHDWXUHVýRIý75,0ï([SRïýý%HFDXVHý75,0ï([SRýZLOOýEHýGHYHORSHG
XVLQJýDýSKDVHGýDSSURDFKñýIXWXUHýGHYHORSPHQWýRIýWKHýPRGHOýPD\ýLQFOXGHýPRGHOýFRPSRQHQWVýLQ
DGGLWLRQýWRýWKRVHýVKRZQýLQý)LJXUHýëðìï
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ëïë ,03257$17ý'(),1,7,216

7RýHQKDQFHýXQGHUVWDQGLQJýWKURXJKRXWýWKLVýGRFXPHQWñýWKHýIROORZLQJýGLVFXVVLRQVýGHILQH
YDULRXVýWHUPVýUHOHYDQWýWRýH[SRVXUHýPRGHOLQJïýý7KHVHýGHILQLWLRQVýDUHýEDVHGýSULPDULO\ýRQýWKH
JXLGHOLQHVýSXEOLVKHGýE\ý(3$ýõ8ï6ïý(3$ýìääëDôïý

ëïëïì %$6,&ý'(),1,7,216ý5(/$7('ý72ý(;32685(

%$6,&ý'(),1,7,216ý5(/$7('ý72ý(;32685(ý

(QYLURQPHQWDOýPHGLD &RPSRQHQWVýRIýWKHýSK\VLFDOýHQYLURQPHQWýWKDWýFDUU\ýDýSROOXWDQWñýDQGýWKURXJK
ZKLFKýSROOXWDQWVýFDQýPRYHýDQGýUHDFKýRUJDQLVPVýõHïJïñýDPELHQWýDLUñýJURXQG
ZDWHUñýVXUIDFHýZDWHUñýVXUIDFHýVRLOñýURRWý]RQHýVRLOñýYDGRVHý]RQHýVRLOñýDQG
VHYHUDOýFODVVHVýRIýYHJHWDWLRQôïý

([SRVXUH 7KHýFRQWDFWýEHWZHHQýDýWDUJHWýRUJDQLVPýDQGýDýVXEVWDQFHýDWýWKHýRXWHU
ERXQGDU\ýRIýDQýRUJDQLVPïýý([SRVXUHýPD\ýEHýýTXDQWLILHGýDVýWKHýDPRXQWýRI
VXEVWDQFHýDYDLODEOHýDWýWKHýERXQGDU\ýRIýWKHýUHFHSWRUýRUJDQLVPýSHUýVSHFLILHG
WLPHýSHULRGïýý)RUýLQKDODWLRQñýH[SRVXUHýRYHUýDýSHULRGýRIýWLPHýFDQýEH
UHSUHVHQWHGýE\ýDýWLPHðGHSHQGHQWýSURILOHýRIýWKHýH[SRVXUHýFRQFHQWUDWLRQïý

([SRVXUHýGLVWULFW $ýJHRJUDSKLFýORFDWLRQýZLWKLQýDýGHILQHGýSK\VLFDOýRUýSROLWLFDOýUHJLRQñýZKHUH
WKHUHýLVýSRWHQWLDOýFRQWDFWýEHWZHHQýDQýRUJDQLVPýDQGýDýSROOXWDQWñýDQGýIRU
ZKLFKýHQYLURQPHQWDOýPHGLDýFRQFHQWUDWLRQVýKDYHýEHHQýHVWLPDWHGýHLWKHU
WKURXJKýPRGHOLQJýRUýPHDVXUHPHQWïý

([SRVXUHýIDFWRU $ýQRUPDOL]LQJýRUýVWDQGDUGL]LQJýIDFWRUýXVHGýLQýDQýH[SRVXUHýDVVHVVPHQWýDVýD
VXUURJDWHýIRUýVSHFLILFýLQIRUPDWLRQýWKDWýLVýQRWýDYDLODEOHýIRUýDýSDUWLFXODU
VXEMHFWñýFRKRUWñýRUýGHPRJUDSKLFýJURXSïýý7KHVHýIDFWRUVýRIWHQýDUHýGUDZQýIURP
DýGLVWULEXWLRQýRUýUDQJHýRIýGDWDâýVHHñýIRUýH[DPSOHñý(3$©Vý([SRVXUHý)DFWRUV
+DQGERRNýýõ8ï6ïý(3$ýìääæEôïýý

([SRVXUHýPHGLXP 7KHýSDUWýRIýWKHýSK\VLFDOýHQYLURQPHQWýWKDWýVXUURXQGVýRUýFRQWDFWVýRUJDQLVPV
DWýWKHýWLPHýRIýDQýH[SRVXUHïýý7KHýH[SRVXUHýPHGLDýLQý75,0ï([SRýLQFOXGHã
RXWGRRUýDLUñýLQGRRUýDLUýõPXOWLSOHýPLFURHQYLURQPHQWVôñýWDSýZDWHUñýKRPHðJURZQ
IRRGñýORFDOO\ðSURGXFHGýIRRGñýSUHSDUHGýIRRGñýEUHDVWýPLONñýKRXVHýGXVWñýVRLOñ
VZLPPLQJýSRROVñýDQGýRWKHUýUHFUHDWLRQDOýVXUIDFHýZDWHUï

([SRVXUHýSDWKZD\ 7KHýSK\VLFDOýFRXUVHýDýSROOXWDQWýWDNHVýIURPýWKHýVRXUFHýWRýWKHýRUJDQLVP
H[SRVHGïýý$QýH[SRVXUHýSDWKZD\ýGHVFULEHVýDýXQLTXHýPHFKDQLVPýE\ýZKLFK
DQýLQGLYLGXDOýRUýSRSXODWLRQýLVýH[SRVHGýWRýSROOXWDQWVýRUýSK\VLFDOýDJHQWVýDWñýRU
RULJLQDWLQJýIURPñýDýVLWHïýý(DFKýH[SRVXUHýSDWKZD\ýLQFOXGHVýDýVRXUFHñýRU
UHOHDVHýIURPýDýVRXUFHñýDQýH[SRVXUHýSRLQWñýDQGýDQýH[SRVXUHýURXWHïýý,IýWKH
H[SRVXUHýSRLQWýGLIIHUVýIURPýWKHýVRXUFHñýDýWUDQVSRUWîH[SRVXUHýPHGLXPýõVXFK
DVýDLUôýRUýPHGLDýõLQýFDVHVýRIýLQWHUPHGLDýWUDQVSRUWñýVXFKýDVýZDWHUýWRýDLUôýLV
DOVRýLQFOXGHGï

([SRVXUHýURXWH 7KHýZD\ýDýSROOXWDQWýRUýSK\VLFDOýDJHQWýFRPHVýLQýFRQWDFWýZLWKýDQýRUJDQLVP
õHïJïñýLQKDODWLRQñýLQJHVWLRQñýGHUPDOýFRQWDFWôï
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ëïëïë %$6,&ý'(),1,7,216ý5(/$7('ý72ý'26(

75,0ï([SRýZLOOýIRFXVýRQýWKHýHVWLPDWLRQýRIýH[SRVXUHýRQO\âýHVWLPDWLRQýRIýGRVHñýZKHUH
DSSURSULDWHñýZLOOýQHHGýWRýEHýDGGUHVVHGýE\ýGRVLPHWU\ýPRGHOLQJïýý1HYHUWKHOHVVñýLWýLVýXVHIXOýWR
UHYLHZýVRPHýFRQFHSWVýUHODWHGýWRýGRVHýWRýFUHDWHýDýFRQWH[WýIRUýXQGHUVWDQGLQJýKRZýWKHýRXWSXWVýRI
75,0ï([SRýDUHýOLNHO\ýWRýEHýXVHGïýý7KLVýVHFWLRQýFRQWDLQVýGHILQLWLRQVýIRUýVHYHUDOýRIýWKHVHýWHUPVýDQG
FODULILHVýWKHýWHUPLQRORJ\ýXVHGýLQýWKLVýGRFXPHQWïýý)LJXUHýëðëýLOOXVWUDWHVýWKHýUHODWLRQVKLSVýDPRQJ
PDQ\ýRIýWKHVHýWHUPVýIRUýWKHýLQKDODWLRQñýLQJHVWLRQñýDQGýGHUPDOýFRQWDFWýURXWHVï

%$6,&ý'(),1,7,216ý5(/$7('ý72ý'26(

$EVRUEHGýGRVH 7KHýDPRXQWýRIýDýSROOXWDQWýFURVVLQJýWKHýH[FKDQJHýERXQGDULHVýRIýDQ
RUJDQLVPýDIWHUýFRQWDFWñýXVXDOO\ýH[SUHVVHGýDVýWKHýPDVVýRIýSROOXWDQW
DEVRUEHGýLQWRýWKHýERG\ýSHUýXQLWýERG\ýPDVVýSHUýXQLWýWLPHñýVXFKýDVýPJîNJîGïý
$EVRUEHGýGRVHýLVýFDOFXODWHGýIURPýWKHýLQWDNHýDQGýDEVRUSWLRQýHIILFLHQF\ïýý)RU
LQKDODWLRQýH[SRVXUHñýDEVRUEHGýGRVHýLVýWKHýDPRXQWýRIýPDWHULDOýWKDWýSDVVHV
IURPýWKHýJDVýYROXPHýRIýWKHýOXQJýLQWRýWKHýEORRGïýý)RUýLQJHVWLRQýH[SRVXUHñ
DEVRUEHGýGRVHýLVýWKHýTXDQWLW\ýRIýSROOXWDQWýWKDWýSDVVHVýIURPýWKH
JDVWURLQWHVWLQDOýWUDFWýDFURVVýWKHýJXWýZDOOýDQGýLQWRýWKHýEORRGýVWUHDPïýý)RU
GHUPDOýH[SRVXUHñýDEVRUEHGýGRVHýLVýWKHýTXDQWLW\ýRIýPDWHULDOýWKDWýSDVVHV
WKURXJKýWKHýVWUDWXPýFRUQHXPýLQWRýWKHýOLYLQJýFHOOVýRIýWKHýHSLGHUPLVýDQG
GHUPLVýDQGýWKHQýLQWRýWKHýEORRGýVWUHDPïýý,QýVRPHýFDVHVñýWKHýDEVRUEHGýGRVH
LVýUHIHUUHGýWRýDVýWKHýLQWHUQDOýGRVHïý

$SSOLHGýGRVH 7KHýDPRXQWýRIýDýSROOXWDQWýJLYHQýLQýPJîNJîGýWKDWýFRPHVýLQýFRQWDFWýZLWKýWKH
OLYLQJýWLVVXHýRIýDQýRUJDQLVPýE\ýHQWHULQJýLQWRýWKHýOXQJVñýE\ýHQWHULQJýWKH
JDVWURLQWHVWLQDOýWUDFWñýDQGîRUýE\ýFURVVLQJýWKHýVWUDWXPýFRUQHXPýLQWRýWKHýOLYLQJ
FHOOVýRIýWKHýHSLGHUPLVïýý,QýVRPHýH[SHULPHQWDOýGHVLJQVñýWKHýDSSOLHGýGRVHýLV
UHIHUUHGýWRýDVýWKHýDGPLQLVWHUHGýGRVHï

$YHUDJHý'DLO\ý'RVH 'RVHýUDWHýZLWKLQýDýSRSXODWLRQýDYHUDJHGýRYHUýERG\ýZHLJKWýDQGýDQýDYHUDJLQJ
õ$''ô ý WLPHýDQGýW\SLFDOO\ýH[SUHVVHGýLQýWHUPVýRIýPJîNJîGï

,QWDNH 7KHýSURFHVVýE\ýZKLFKýDýSROOXWDQWýLVýSK\VLFDOO\ýPRYHGýWKURXJKýDQýRSHQLQJýLQ
WKHýRXWHUýERXQGDU\ýõXVXDOO\ýWKHýPRXWKýRUýQRVHôýRIýWKHýKXPDQýERG\ñýW\SLFDOO\
YLDýLQJHVWLRQýRUýLQKDODWLRQï

/LIHWLPHý$YHUDJH 7KHýDYHUDJHýGDLO\ýGRVHýZLWKLQýDýSRSXODWLRQýZKHQýWKHýDYHUDJLQJýWLPHýLVýWKH
'DLO\ý'RVHýõ/$''ô H[SHFWHGýLQGLYLGXDOýOLIHWLPHïýý7KHý/$''ýLVýXVXDOO\ýH[SUHVVHGýLQýWHUPVýRI

PJîNJîGïýý7KHý/$''ýLVýXVHGýIRUýFRPSRXQGVýZLWKýFDUFLQRJHQLFýRUýFKURQLF
HIIHFWVï

3RWHQWLDOýGRVH $QýDSSUR[LPDWLRQýRIýDSSOLHGýGRVHýWKDWýLVýVLPSO\ýWKHýDPRXQWýRIýSROOXWDQWýLQ
WKHýIRRGýRUýZDWHUýLQJHVWHGñýDLUýLQKDOHGñýRUýPDWHULDOýDSSOLHGýWRýVNLQïýý7KH
SRWHQWLDOýGRVHýIRUýLQJHVWLRQýDQGýLQKDODWLRQýLVýDQDORJRXVýWRýWKHýDGPLQLVWHUHG
GRVHýLQýDýGRVHðUHVSRQVHýH[SHULPHQWïýý)RUýWKHýGHUPDOýURXWHñýWKHýSRWHQWLDO
GRVHýLVýWKHýDPRXQWýRIýSROOXWDQWýDSSOLHGýRUýWKHýDPRXQWýRIýSROOXWDQWýLQýWKH
PHGLXPýDSSOLHGýWRýVNLQïý

8SWDNH 7KHýSURFHVVýE\ýZKLFKýDýVXEVWDQFHýFURVVHVýDQýDEVRUSWLRQýEDUULHUýDQGýLV
DEVRUEHGýLQWRýWKHýERG\ïýý$OWKRXJKýWKHýFKHPLFDOýLVýRIWHQýFRQWDLQHGýLQýD
FDUULHUýPHGLXPñýWKHýPHGLXPýLWVHOIýLVýW\SLFDOO\ýQRWýDEVRUEHGýDWýWKHýVDPHýUDWH
DVýWKHýFKHPLFDOïý
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)LJXUHýëðë
,OOXVWUDWLRQýRIýWKHý5HODWLRQVKLSVýDPRQJý([SRVXUHýDQGý'RVHý
IRUýWKHý,QKDODWLRQñý,QJHVWLRQñýDQGý'HUPDOý&RQWDFWý5RXWHV
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ëïëïê 27+(5ý,03257$17ý75,0ï([SRý'(),1,7,216

)LJXUHýëðêýLOOXVWUDWHVýWKHýLQWHUFRQQHFWHGýQDWXUHýRIýWKHýUHODWLRQVKLSVýDPRQJýORFDWLRQ
õGLVWULFWVôñýHQYLURQPHQWDOýPHGLDñýPLFURHQYLURQPHQWVñýLQWHUPHGLDýWUDQVIHUVñýH[SRVXUHýPHGLDñýDQG
FRKRUWVýDVýGHILQHGýLQýWKLVýVHFWLRQï

27+(5ý,03257$17ý75,0ï([SRý'(),1,7,216

&RKRUWý $ýJURXSýRIýSHRSOHýZLWKLQýDýSRSXODWLRQýZLWKýWKHýVDPHýGHPRJUDSKLFýYDULDEOHV
ZKRýDUHýDVVXPHGýWRýKDYHýVLPLODUýH[SRVXUHVïýý,QGLYLGXDOVýZLWKLQýDýFRKRUW
FDQýEHýDJJUHJDWHGýIRUýH[SRVXUHýDVVHVVPHQWýSXUSRVHVýEHFDXVHýWKH
YDULDWLRQýLQýH[SRVXUHýZLWKLQýWKHýFRKRUWýLVýPXFKýOHVVýWKDQýWKH
FRKRUWðWRðFRKRUWýYDULDWLRQýDFURVVýWKHýEURDGHUýSRSXODWLRQïý

,QWHUPHGLDýWUDQVIHUý $QýDOJRULWKPýIRUý¦OLQNLQJ§ýWKHýHQYLURQPHQWDOýPHGLDýZLWKýWKH
PLFURHQYLURQPHQWDOýPHGLDýWKDWýH[SRVHGýLQGLYLGXDOVýRFFXS\ýõHïJïñýDLU
FRPSDUWPHQWVôýRUýWKHýH[SRVXUHýPHGLDýZLWKýZKLFKýWKH\ýFRPHýLQýFRQWDFW
õHïJïñýDLUñýZDWHUñýIRRGñýVRLOôïýý$QýLQWHUPHGLDýWUDQVIHUýDOJRULWKPýUHODWHVýWKH
SROOXWDQWýFRQFHQWUDWLRQýLQýDýPLFURHQYLURQPHQWDOýPHGLXPýWRýWKH
FRQFHQWUDWLRQýLQýDQýDPELHQWýHQYLURQPHQWDOýPHGLXPýWKDWýSURYLGHVýSROOXWDQW
LQSXWVýWRýWKDWýPLFURHQYLURQPHQWï

0LFURHQYLURQPHQW $ýGHILQHGýVSDFHýLQýZKLFKýKXPDQýFRQWDFWýZLWKýDQýHQYLURQPHQWDOýSROOXWDQW
WDNHVýSODFHýDQGýZKLFKýFDQýEHýWUHDWHGýDVýDýZHOOðFKDUDFWHUL]HGñýUHODWLYHO\
KRPRJHQHRXVýORFDWLRQýZLWKýUHVSHFWýWRýSROOXWDQWýFRQFHQWUDWLRQVýIRUýD
VSHFLILHGýWLPHýSHULRGïýý0LFURHQYLURQPHQWVýLQFOXGHýVSDFHVýZLWKLQýEXLOGLQJV
õHïJïñýURRPVñýKRXVHKROGýYROXPHVñýUHVWDXUDQWVñýVFKRROVôñýVSDFHVýLQVLGH
YHKLFOHVýõHïJïñýFDUVñýEXVHVñýWUDLQVôñýDQGýRWKHUýVSDFHVýZLWKLQýZKLFKýKXPDQV
KDYHýFRQWDFWýZLWKýHQYLURQPHQWDOýSROOXWDQWVýõHïJïñýVZLPPLQJýSRROVñýEDWKWXEVñ
ODNHVñýULYHUVôï
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/RFDWLRQýRUýGLVWULFW ý

(QYLURQPHQWDO ý
PHGLD ýý

,QWHUPHGLD ý
WUDQVIHU ý

0LFUR ý
HQYLURQPHQW &RKRUW

([SRVXUHýPHGLD

)LJXUHýëðê
5HODWLRQVKLSVýDPRQJý'LVWULFWVñý(QYLURQPHQWDOý0HGLDñý0LFURHQYLURQPHQWVñý

,QWHUPHGLDý7UDQVIHUVñý([SRVXUHý0HGLDñýDQGý&RKRUWV

ëïê $3352$&+ý86('ý,1ý'(9(/23,1*ý75,0ï([SRýý

%DVHGýRQýDýUHYLHZýRIýFXUUHQWO\ýDYDLODEOHýH[SRVXUHýPRGHOVýDQGýPRGHOLQJýV\VWHPV
õGLVFXVVHGýLQý&KDSWHUýêýRIýWKLVýUHSRUWôñýQRýVLQJOHýPRGHOýZDVýLGHQWLILHGýWKDWýZRXOGýH[FOXVLYHO\
VDWLVI\ýDOOýRIýWKHýPRGHOLQJýIHDWXUHVýDQGýUHTXLUHPHQWVýWKDWý75,0ï([SRýZLOOýVDWLVI\ïýý+RZHYHUñ
VHYHUDOýFRPSRQHQWVýRIýH[LVWLQJýPRGHOVýZHUHýIRXQGýWRýPHHWýFHUWDLQýUHTXLUHPHQWVýRIý75,0ï([SRñý
DQGýWKHVHýFRPSRQHQWVýZLOOýEHýDGDSWHGýIRUýXVHýLQý75,0ï([SRïýý)RUýH[DPSOHñý(3$ýLVýGHYHORSLQJ
WKHý$LUý3ROOXWDQWý([SRVXUHý0RGHOýõ$3(;ôñýZKLFKýLVýEDVHGýRQý(3$©VýKXPDQýH[SRVXUHýPRGHOVñ
SUREDELOLVWLFý1$$46ý([SRVXUHý0RGHOVýõS1(0ôñýDQGý+D]DUGRXVý$LUý3ROOXWDQWý([SRVXUHý0RGHO
õ+$3(0éôïýý7KHý$3(;ýIUDPHZRUNýZLOOýEHýDGDSWHGýWRýDGGUHVVýERWKýVKRUWðýDQGýORQJðWHUP
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H[SRVXUHVýIRUýWKHýLQKDODWLRQýSDWKZD\VýPRGHOHGýE\ý75,0ï([SRïýý,WýDOVRýLQFOXGHVýWKH
LQFRUSRUDWLRQýRIýDFWLYLW\ýSDWWHUQVýWRýWUDFNýFRKRUWVýDQGýLQGLYLGXDOVýDVýWKH\ýPRYHýDPRQJýH[SRVXUH
PHGLDïýý7KHýS1(0ýPRGHOýDOVRýLQFOXGHVýDýPDVVýEDODQFHýWUHDWPHQWýRIýWKHýUHODWLRQVKLSýEHWZHHQ
HQYLURQPHQWDOýPHGLXPýõLïHïñýRXWGRRUýDLUôýDQGýH[SRVXUHýPHGLXPýõLïHïñýLQGRRUýDLUôñýDVýZHOOýDVýWKH
FKDUDFWHUL]DWLRQýRIýXQFHUWDLQW\ýDQGýYDULDELOLW\ïýý

)RUýWKHýLQJHVWLRQýSDWKZD\VñýH[SRVXUHýDOJRULWKPVýIURPýWKHý&DOLIRUQLDý7RWDOý([SRVXUH
0RGHOýIRUý+D]DUGRXVý:DVWHý6LWHVýõ&DO72;ôýZLOOýEHýLQFRUSRUDWHGýLQWRý75,0ïý([SRïýý7KH
&DO72;ýIUDPHZRUNýLVýFDSDEOHýRIýPRGHOLQJýPXOWLPHGLDýWUDQVSRUWýDQGýWUDQVIRUPDWLRQýRI
SROOXWDQWVñýDQGýPXOWLSDWKZD\ýH[SRVXUHýIRUýKXPDQVï

)RUýWKHýILUVWýSURWRW\SHýRIý75,0ï([SRñýWKHýH[SRVXUHýURXWHVýZLOOýEHýOLPLWHGýWRýLQKDODWLRQ
DQGýLQJHVWLRQïýý+RZHYHUñý75,0ï([SRýZLOOýHYHQWXDOO\ýEHýFDSDEOHýRIýPRGHOLQJýH[SRVXUHVýIURPýDOO
WKUHHýPDLQýURXWHVýRIýHQYLURQPHQWDOýH[SRVXUHãýLQKDODWLRQñýLQJHVWLRQñýDQGýGHUPDOýFRQWDFWïý

ëïé 7$;2120<ý2)ý(;32685(ý$775,%87(6ý)25ý08/7,0(',$
32//87$176

'HVSLWHýWKHýODUJHýDPRXQWýRIýGDWDýDQGýWKHýQXPHURXVýYDULDEOHVýXVHGýLQýDQýH[SRVXUH
DVVHVVPHQWñýDýUHODWLYHO\ýVPDOOýVXEVHWýRIýWKHVHýYDULDEOHVýDFWXDOO\ýVLJQLILFDQWO\ýLQIOXHQFHVýWKH
HVWLPDWHGýH[SRVXUHVýõ0RUJDQýDQGý+HQULRQýìääíôïýý+RZHYHUñýOLWWOHýLVýNQRZQýDERXWýKRZýWRýLVRODWH
WKLVýGHILQLQJýVHWýRIýYDULDEOHVýDQGýGDWDïýý2QHýSRWHQWLDOýPHWKRGýRIýVRUWLQJýDQGýRUJDQL]LQJýWKH
FRPSOH[ýZHEýRIýH[SRVXUHýLQIRUPDWLRQýWKDWýLVýFROOHFWHGýGXULQJýDýPRGHOLQJýVWXG\ýLVýWRýGHYHORSýD
WD[RQRP\ýRIýH[SRVXUHðUHODWHGýTXHVWLRQVýWKDWýDQýH[SRVXUHýPRGHOýLVýH[SHFWHGýWRýDQVZHUïýý7KH
SXUSRVHýRIýWKLVýWD[RQRP\ýLVýWRýILUVWýLGHQWLI\ýWKHýUHOHYDQWýFKDUDFWHULVWLFVýRUýSURSHUWLHVýDVýEXLOGLQJ
EORFNVñýDQGýWKHQýUDQNýWKHýDWWULEXWHVýRIýH[SRVXUHýWKDWýDUHýLPSRUWDQWýWRýERWKýDQDO\VWVýDQGýGHFLVLRQð
PDNHUVïýý7KHýWD[RQRP\ýRIýH[SRVXUHðUHODWHGýTXHVWLRQVýGHULYHGýGXULQJý75,0ï([SR©VýGHYHORSPHQW
LVýSUHVHQWHGýLQýWKHýIROORZLQJýVHFWLRQVï

ëïéïì (;32685(ý&+$5$&7(5,=$7,21ý352&(66ý$1'ý(;32685(
$775,%87(6

0RVWýRIýWKHýLQKDODWLRQýSROOXWDQWýH[SRVXUHVýDGGUHVVHGýE\ý75,0ï([SRýDUHýORFDWLRQðVSHFLILF
DQGýWKHýLQGLYLGXDO©VýRUýFRKRUW©VýORFDWLRQVýDQGýDFWLYLWLHVýQHHGýWRýEHýWUDFNHGýRYHUýWLPHýDQGýVSDFHïý
$FFRXQWLQJýIRUýWLPHýDQGýVSDFHýLVýDQýLPSRUWDQWýIDFWRUýLQýGHWHUPLQLQJýH[SRVXUHýEHFDXVHýRIýWKH
VSDWLDOýDQGýWHPSRUDOýGLIIHUHQFHVýLQýSROOXWDQWýFRQFHQWUDWLRQVýDPRQJýGLIIHUHQWýH[SRVXUHýPHGLDïýý$
ORJýRIýWKHýWLPHðýDQGýDFWLYLW\ðVSHFLILFýORFDWLRQVýRIýLQGLYLGXDOVýRUýFRKRUWVýDQGýWKHýWLPHðVSHFLILF
FRQFHQWUDWLRQVýRIýSROOXWDQWVýLQýWKHýUHOHYDQWýH[SRVXUHýPHGLDýLVýQHHGHGýWRýFUHDWHýVXFKýDQýH[SRVXUH
FKDUDFWHUL]DWLRQýSURFHVVïýý$ýFULWLFDOýLVVXHýLQýWKHýH[SRVXUHýFKDUDFWHUL]DWLRQýSURFHVVýLVýWRýLGHQWLI\
DSSURSULDWHýDQGýWUDQVSDUHQWýPHWKRGVýWRýFRPELQHýSROOXWDQWýFRQFHQWUDWLRQýGDWDýZLWKýDFWLYLW\
WUDFNLQJýLQIRUPDWLRQýWRýDVVHVVýERWKýVKRUWðýDQGýORQJðWHUPýH[SRVXUHVïýý7RýGHYHORSýWKHýH[SRVXUH
FKDUDFWHUL]DWLRQýSURFHVVýIRUý75,0ï([SRñýWKHýIROORZLQJýDWWULEXWHVýWKDWýGHILQHýDQýH[SRVXUHýHYHQW
õLïHïñýKXPDQýDFWLYLWLHVýWKDWýEULQJýSHRSOHýLQýFRQWDFWýZLWKýRQHýRUýPRUHýSROOXWDQWVýLQýD
PLFURHQYLURQPHQWôýZHUHýLGHQWLILHGãý

� 5RXWHýRIýH[SRVXUHâ
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� 7HPSRUDOýDQGýVSDWLDOýVFDOHýRIýWKHýSROOXWDQWýFRQFHQWUDWLRQâ
� 7KHýVHDVRQDOLW\ýRIýKXPDQýDFWLYLWLHVýDQGýSROOXWDQWýFRQFHQWUDWLRQVâ
� 7LPHýVFDOHýRIýWKHýKHDOWKýHIIHFWVâ
� 'XUDWLRQýRIýWKHýH[SRVXUHýHYHQWâ
� &RQWULEXWLQJýHQYLURQPHQWDOýPHGLDâ
� ([SRVXUHýPHGLDâýDQG
� 'HPRJUDSKLFýFKDUDFWHULVWLFVýRIýWKHýH[SRVHGýLQGLYLGXDOîFRKRUWýõHïJïñýDJHñýJHQGHUôï

$VýVKRZQýLQý)LJXUHýëðëñýWKHýURXWHýRIýH[SRVXUHýUHIHUVýWRýWKHýZD\ýWKHýSROOXWDQWýFDQýHQWHUýWKH
UHFHSWRUýGXULQJýWKHýH[SRVXUHýHYHQWýõLïHïñýLQKDODWLRQñýLQJHVWLRQñýGHUPDOýFRQWDFWôýDQGýOHDGýWRýDFWXDO
DEVRUSWLRQýRIýWKHýSROOXWDQWýLQWRýWKHýERG\ýõUHIHUUHGýWRýDVýWKHýURXWHýRIýSRWHQWLDOýXSWDNHñýLïHïñýWKH
SURFHVVýE\ýZKLFKýDýSROOXWDQWýFURVVHVýDQýDEVRUSWLRQýEDUULHUýDQGýLVýDEVRUEHGýLQWRýWKHýERG\ôïýý7KH
KHDOWKýHIIHFWVýUHVXOWLQJýIURPýDQýH[SRVXUHýPD\ýYDU\ýVLJQLILFDQWO\ýDPRQJýWKHVHýWKUHHýURXWHVýRI
H[SRVXUHïýý0RUHRYHUñýERWKýWKHýH[SRVXUHýPHGLDýDQGýH[SRVXUHýDFWLYLW\ýWHQGýWRýEHýVWURQJO\
DVVRFLDWHGýZLWKýWKHýURXWHýRIýSRWHQWLDOýXSWDNHïýý)RUýH[DPSOHñýDLUýLVýDVVRFLDWHGýZLWKýWKHýLQKDODWLRQ
URXWHñýDQGýWKHýLQKDODWLRQýUDWHýYDULHVýVLJQLILFDQWO\ýZLWKýWKHýW\SHýRIýDFWLYLW\ïýý:DWHUñýIRRGñýDQGýVRLO
DUHýDVVRFLDWHGýZLWKýWKHýLQJHVWLRQýURXWHýDQGýZLWKýHDWLQJýDQGýKDQGðWRðPRXWKýUHODWHGýDFWLYLWLHVïý

3ROOXWDQWýFRQFHQWUDWLRQVýRYHUýWLPHýDQGýVSDFHýDUHýQHHGHGýWRýFRQVWUXFWýDQýH[SRVXUHýHYHQWïý
,IýDýSROOXWDQWýVKRZVýOLWWOHýVSDWLDOýYDULDWLRQýLQýFRQFHQWUDWLRQýRYHUýDýODUJHýUHJLRQñýHYHQýLIýWKHUHýLV
WLPHýYDULDWLRQýLQýWKDWýUHJLRQñýWKHUHýLVýOLWWOHýQHHGýIRUýODUJHýQXPEHUVýRIýVHSDUDWHýJHRJUDSKLFýUHJLRQV
LQýDQýDVVHVVPHQWïýý6LPLODUO\ñýIRUýSROOXWDQWýFRQFHQWUDWLRQVýWKDWýGRýQRWýYDU\ýVLJQLILFDQWO\ýLQýWLPHñ
HYHQýLIýWKH\ýVKRZýODUJHýVSDWLDOýYDULDWLRQñýXVLQJýORQJHUýWLPHýVWHSVýPD\ýEHýSRVVLEOHýWKDQýWKDW
QHHGHGýIRUýDýSROOXWDQWýZKRVHýFRQFHQWUDWLRQVýYDU\ýPRUHýJUHDWO\ýZLWKýWLPHïýý75,0ï([SRýZLOOýEH
IOH[LEOHýZLWKýUHJDUGýWRýOHYHOýRIýVSDWLDOýUHVROXWLRQï

7KHýLQWHUSOD\ýEHWZHHQýWKHýSHULRGLFLW\ýRIýKXPDQýDFWLYLWLHVýDQGýSROOXWDQWýOHYHOVýLVýDQ
LPSRUWDQWýDWWULEXWHýIRUýWUDFNLQJýE\ýWKHýH[SRVXUHðHYHQWýPRGHOïýý7KHýRIWHQýF\FOLFýQDWXUHýRIýKXPDQ
DFWLYLWLHVýDQGýSROOXWDQWýOHYHOVýLVýW\SLFDOO\ýH[SUHVVHGýLQýWHUPVýRIýVHDVRQDOLW\ýLQýH[SRVXUHýPRGHOLQJïý
6HDVRQDOLW\ýDOVRýDIIHFWVýSHRSOH©VýKDELWVýVXFKýDVýZKHWKHUýWKH\ýOHDYHýZLQGRZVýRSHQýRUýFORVHGïýý7KLV
KDVýDýVWURQJýLQIOXHQFHýRQýWKHýDELOLW\ýRIýRXWGRRUýSROOXWDQWVýWRýSHQHWUDWHýLQGRRUVïýý$QRWKHU
LPSRUWDQWýDWWULEXWHýUHODWHGýWRýWLPHýWKDWýFDQýDIIHFWýH[SRVXUHýOHYHOVýLVýWKHýGLIIHUHQFHýLQýDFWLYLW\
SDWWHUQVýJHQHUDOO\ýREVHUYHGýEHWZHHQýZHHNGD\VýDQGýZHHNHQGVïýý$ýSHUVRQ©VýDFWLYLWLHVñýSDUWLFXODUO\
WKRVHýZKRýZRUNñýDUHýXVXDOO\ýVLJQLILFDQWO\ýGLIIHUHQWýRQýZHHNHQGVýWKDQýWKH\ýDUHýRQýZHHNGD\Vïýý,WýLV
LPSRUWDQWýIRUýDQýH[SRVXUHýPRGHOýWRýGLVWLQJXLVKýEHWZHHQýZHHNGD\VýDQGýZHHNHQGVýZKHQ
FRQVWUXFWLQJýH[SRVXUHðHYHQWýVHTXHQFHVïýý75,0ï([SRýZLOOýUHWDLQýWKLVýLQIRUPDWLRQýVRýWKDWýLWýLV
DYDLODEOHýWRýDQýDQDO\VWýSHUIRUPLQJýDQýH[SRVXUHýDVVHVVPHQWïýý,WýVKRXOGýDOVRýEHýQRWHGýWKDWýLQ
DGGLWLRQýWRýDýZHHNGD\îZHHNHQGýHIIHFWýLQýDFWLYLW\ýSDWWHUQVñýWKHýHPLVVLRQVýRIýPDQ\ýSROOXWDQWVýKDYH
DýGLVFHUQDEOHýZHHNGD\îZHHNHQGýGLIIHUHQFHïýý7KHýFRPELQDWLRQýRIýHIIHFWVýFDXVHGýE\ýWKHýGD\ýRIýWKH
ZHHNñýSDUWLFXODUO\ýZHHNGD\VýYHUVXVýZHHNHQGVñýPDNHVýWKLVýDQýLPSRUWDQWýIDFWRUýLQýH[SRVXUH
DVVHVVPHQWVï

7KHýWLPHýVFDOHýRIýH[SRVXUHýDVVRFLDWHGýZLWKýKHDOWKýHIIHFWVýIRUýDýSDUWLFXODUýSROOXWDQWýDOVR
VWURQJO\ýDIIHFWVýWKHýWHPSRUDOýUHVROXWLRQýUHTXLUHGýRIýWKHýH[SRVXUHýHYHQWðPRGHOïýý)RUýVRPH
SROOXWDQWVñýLQFOXGLQJýPRVWýRIýWKHýFULWHULDýDLUýSROOXWDQWVýDQGýWKRVHý+$3VýDVVRFLDWHGýZLWKýKHDOWK
HIIHFWVýGXHýWRýVKRUWðWHUPýH[SRVXUHVñýH[SRVXUHVýPD\ýQHHGýWRýEHýDVVHVVHGýIRUýSHULRGVýDVýVKRUWýDV
RQHýKRXUýRUýOHVVïýý)RUýPDQ\ý+$3VñýRQO\ýORQJðWHUPýFXPXODWLYHýH[SRVXUHýPD\ýQHHGýWRýEH
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FKDUDFWHUL]HGïýý75,0ï([SRýZLOOýKDYHýWKHýFDSDELOLW\ýRIýDJJUHJDWLQJýH[SRVXUHVýXSýIURPýVPDOOýWLPH
LQFUHPHQWVýVRýWKDWýWKHýVXEVHTXHQWýWLPHýSURILOHýRIýH[SRVXUHýFDQýPDWFKýWKHýWLPHýSDWWHUQýRUýSHULRG
RIýFRQFHUQýIURPýDýKHDOWKýSHUVSHFWLYHïýýý

7KHýGXUDWLRQVýRIýWKHýH[SRVXUHýHYHQWVýDQGýKXPDQýDFWLYLWLHVýDUHýDOVRýLPSRUWDQW
FRQVLGHUDWLRQVýLQýWKHýVWUXFWXUHýRIýWKHýH[SRVXUHðHYHQWýPRGHOïýý2WKHUýIDFWRUVýWKDWýDIIHFWýWKH
VWUXFWXUHýRIýWKHýH[SRVXUHðHYHQWýPRGHOýDUHýWKHýGHPRJUDSKLFýFKDUDFWHULVWLFVýRIýDQýH[SRVHG
LQGLYLGXDOýRUýFRKRUWñýVXFKýDVýDJHýRUýJHQGHUñýWKDWýPD\ýLQIOXHQFHýERWKýWKHýDFWLYLW\ýSDWWHUQýDQGýWKH
KHDOWKýUHVSRQVHýWRýH[SRVXUHïýý3UR[LPLW\ýWRýSDUWLFXODUýHPLVVLRQýVRXUFHVñýRUýKHDOWKýVWDWXVñýPD\ýDOVR
EHýLPSRUWDQWýIDFWRUVýWKDWýDIIHFWýWKHýVWUXFWXUHýRIýWKHýH[SRVXUHýHYHQWï

&RKRUWVýDUHýVXEVHWVýRIýDýSRSXODWLRQýJURXSHGýVRýWKDWýWKHýYDULDWLRQýRIýH[SRVXUHýZLWKLQýD
FRKRUWýLVýPXFKýORZHUýWKDQýWKHýYDULDWLRQýEHWZHHQîDPRQJýFRKRUWVïýý7KHýUHDVRQýIRUýXVLQJýWKLV
DSSURDFKýLVýEHFDXVHýWKHýDYDLODEOHýGDWDýDUHýQRWýDGHTXDWHýWRýHVWLPDWHýWKHýH[SRVXUHýRIýHDFK
LQGLYLGXDOýLQýDýSRSXODWLRQïýý7KHUHIRUHñýLQIRUPDWLRQýDERXWýSHRSOHýZKRýDUHýH[SHFWHGýWRýKDYHýVLPLODU
H[SRVXUHVýLVýDJJUHJDWHGýWRJHWKHUýWRýPDNHýPRUHýHIILFLHQWýXVHýRIýWKHýOLPLWHGýGDWDïýý7KHýFRKRUWVýDUH
DVVXPHGýWRýFRQWDLQýSHRSOHýZLWKýH[SRVXUHVýWKDWýFDQýEHýFKDUDFWHUL]HGýE\ýWKHýVDPHýSUREDELOLW\
GLVWULEXWLRQVýIRUýNH\ýFKDUDFWHULVWLFVïýý7KHýGHPRJUDSKLFýYDULDEOHVýXVHGýWRýGHVFULEHýDýFRKRUWýDUH
VHOHFWHGýWRýPLQLPL]HýWKHýGLIIHUHQFHVýEHWZHHQýLQGLYLGXDOVýZLWKLQýWKHýFRKRUWïýý7KHýPRGHOýVHOHFWVýDQ
LQGLYLGXDOýIURPýWKHýDSSURSULDWHýFRKRUWýDQGýXVHVýWKDWýLQGLYLGXDO©VýDFWLYLW\ýSDWWHUQýGDWDýWRýFUHDWHýDQ
H[SRVXUHðHYHQWýVHTXHQFHýIRUýWKDWýGD\ïýý7KHýH[SRVXUHýHYHQWýVHTXHQFHýUHSUHVHQWVýWKHýH[SRVXUH
SDWWHUQýIRUýWKHýHQWLUHýFRKRUWïýý75,0ï([SRýDFFRXQWýIRUýZLWKLQýFRKRUWýYDULDELOLW\ýWKURXJKýPXOWLSOH
UXQVýRIýWKHýPRGHOýIRUýWKHýH[SRVXUHýGXUDWLRQýXQGHUýVWXG\ïýý$VýQHZýVWDWLVWLFDOýWHFKQLTXHVýDUH
GHYHORSHGñýIXWXUHýYHUVLRQVýRIý75,0ï([SRýZLOOýEHýPRGLILHGýWRýXVHýWKHýEHVWýDYDLODEOHýDSSURDFKHV
IRUýFKDUDFWHUL]LQJýWLPHîDFWLYLW\ýGDWDïýý$WýWKHýSUHVHQWýWLPHñýKRZHYHUñýWKHýFXUUHQWýPHWKRGýRIýXVLQJ
FRKRUWVýLVýDýXVHIXOýWHFKQLTXHýIRUýPRGHOLQJýWKHýH[SRVXUHVýRIýDýODUJHýSRSXODWLRQýLQýWKHýDEVHQFHýRI
FRPSOHWHýWLPHîDFWLYLW\ýSDWWHUQýGDWDï

75,0ï([SRýLVýEHLQJýGHVLJQHGýWRýDOORZýIOH[LELOLW\ýLQýWKHýXVHU©VýDELOLW\ýWRýVHOHFWýDýFRKRUW©V
FKDUDFWHULVWLFVïýý7KHýGHPRJUDSKLFýYDULDEOHVýõHïJïñýDJHñýJHQGHUñýZRUNýVWDWXVôýWKDWýFKDUDFWHUL]HýD
FRKRUWýFDQýEHýPRGLILHGýE\ýDýXVHUýRIý75,0ï([SRýSURYLGLQJýWKDWýWKHýDSSURSULDWHýGDWDýDUHýDYDLODEOHïý
7KHýOHYHOýRIýVWUDWLILFDWLRQýLQýWKHýLGHQWLILFDWLRQýRIýWKHýFRKRUWV©ýFKDUDFWHULVWLFVýGHSHQGVýRQýWKH
SDUWLFXODUýSUREOHPýEHLQJýDGGUHVVHGýDQGýRQýWKHýDYDLODELOLW\ýRIýGDWDïýý7\SLFDOO\ñýLQSXWýGDWDýIRUýWKH
GHPRJUDSKLFýYDULDEOHVýRIýDýFRKRUWýDUHýWDNHQýIURPýFHQVXVýGDWDïýý+RZHYHUñý75,0ï([SRýFDQýEHýUXQ
XVLQJýGDWDýVXSSOLHGýE\ýWKHýDQDO\VWýDVýORQJýDVýLWýLVýIRUPDWWHGýFRUUHFWO\ýDQGýSURYLGHVýVXIILFLHQW
LQIRUPDWLRQýWRýH[HFXWHýWKHýPRGHOïýý+HQFHñýWKHýFRKRUWV©ýFKDUDFWHULVWLFVýFDQýEHýFKRVHQýIRU
LQGLYLGXDOL]HGýVWXGLHVýRQýDýVLWHðVSHFLILFýRUýFDVHðVSHFLILFýEDVLVï

ëïéïë ',0(16,216ý2)ý7+(ý(;32685(ý$66(660(17ý352%/(0

7KHýH[SRVXUHýDWWULEXWHVýQRWHGýDERYHýZHUHýRUJDQL]HGýLQWRýDýVHWýRIýNH\ýH[SRVXUH
GLPHQVLRQVïýý7KHýWKUHHýPRVWýLPSRUWDQWýGLPHQVLRQVýRIýWKHýH[SRVXUHýDVVHVVPHQWýSUREOHPýZHUH
GHWHUPLQHGýWRýEHýWKHýõìôýURXWHýRIýH[SRVXUHñýõëôýWLPHýVFDOHýRIýDQýH[SRVXUHýHYHQWýUHOHYDQWýWRýWKH
SROOXWDQW©VýDVVRFLDWHGýHIIHFWVñýDQGýõêôýGHJUHHýRIýORFDWLRQýGHSHQGHQFHýõLïHïñýGHSHQGHQFHýRI
H[SRVXUHýRQýWKHýORFDWLRQýRIýWKHýH[SRVHGýVXEMHFWôïýý$GGUHVVLQJýWKHVHýWKUHHýGLPHQVLRQVýKDVýD
VLJQLILFDQWýLPSDFWýRQýWKHýVWUXFWXUHýRIýWKHýH[SRVXUHýPRGHOýõHïJïñýRQýWKHýH[SRVXUHýPHGLDýLQFOXGHGñ
WKHýGHJUHHýRIýVSDWLDOýUHVROXWLRQñýDQGýWKHýOHYHOýRIýWHPSRUDOýDQGýVSDWLDOýDJJUHJDWLRQôïýý



&+$37(5ýë
75,0ï([SRãý*(1(5$/ý29(59,(:ý$1'ý%$&.*5281'

129(0%(5ýìäää ëðìê 75,0ï(;32ý76'ýõ'5$)7ô

)RUýH[DPSOHñýFRQVLGHUýDýPRGHOýXVHGýWRýDVVHVVýLQKDODWLRQýH[SRVXUHVýWRýSROOXWDQWVýZLWK
KHDOWKýHIIHFWVýWKDWýGHSHQGýRQýWKHýQXPEHUýDQGýGXUDWLRQýRIýFRQWDFWVýDERYHýVRPHýWKUHVKROG
FRQFHQWUDWLRQýYHUVXVýDQýH[SRVXUHýPRGHOýXVHGýWRýDVVHVVýLQJHVWLRQýFRQWDFWýZLWKýDýSROOXWDQWýWKDWýKDV
KHDOWKýHIIHFWVýWKDWýGHSHQGýSULPDULO\ýRQýDýOLIHWLPHýFXPXODWLYHýLQWDNHïýý7KHýIRUPHUýPRGHOýUHTXLUHVýD
FRPSLODWLRQýRIýVKRUWðWHUPýH[SRVXUHýHYHQWVýDQGýPXVWýSURYLGHýUHODWLYHO\ýGHWDLOHGýLQIRUPDWLRQýRQ
WKHýORFDWLRQýRIýWKHýH[SRVHGýLQGLYLGXDOïýý)RUýWKHýODWWHUýPRGHOñýGLIIHUHQWýWHPSRUDOýDQGýVSDWLDOýGHWDLO
LVýUHTXLUHGýDERXWýWKHýH[SRVHGýLQGLYLGXDOVýRUýFRKRUWVýõLïHïñýDýGHWDLOHGýWLPHîORFDWLRQýSURILOHýRIýWKH
H[SRVHGýFRKRUWýRUýLQGLYLGXDOýLVýQRWýDVýFUXFLDOýDVýLQIRUPDWLRQýRQýWKHýORFDWLRQýRIýWKHýH[SRVHG
FRKRUW©VîLQGLYLGXDO©VýIRRGýRUýZDWHUýVXSSO\ýDQGýWKHýFXPXODWLYHýLQWDNHýRIýIRRGýRUýZDWHUýIURPýD
VSHFLILFýVXSSO\ôï

7KHýSULPDU\ýWLPHýVFDOHVýIRUýH[SRVXUHýDVVHVVPHQWýPRGHOVýYDU\ýIURPýVKRUWðWHUPýUHVROXWLRQ
õHïJïñýPLQXWHVýWRýKRXUVýDQGýGD\VôýWRýORQJðWHUPýUHVROXWLRQýõHïJïñýGD\VýWRýPRQWKVýDQGý\HDUVôïýý6KRUWð
WHUPýUHVROXWLRQýDOORZVýRQHýWRýDVVHVVýERWKýFXPXODWLYHýLQWDNHýDVýZHOOýDVýWKHýQXPEHUýDQGýGXUDWLRQ
RIýSHDNýH[SRVXUHýHYHQWVïýý/RQJðWHUPýUHVROXWLRQýDOORZVýSULPDULO\ýIRUýWKHýDVVHVVPHQWýRIýFXPXODWLYH
LQWDNHïýý7KHýTXDQWLWDWLYHýGLVWLQFWLRQýEHWZHHQýVKRUWðWHUPýDQGýORQJðWHUPýGHSHQGVýWRýVRPHýH[WHQWýRQ
WKHýSKDUPDFRNLQHWLFVýõLïHïñýXSWDNHýDQGýGLVWULEXWLRQôýDQGýWR[LFRNLQHWLFVýRIýWKHýSROOXWDQWVýEHLQJ
FRQVLGHUHGïýý

/RFDWLRQðGHSHQGHQFHýVSHFLILHVýWKHýOHYHOýRIýGHWDLOýUHTXLUHGýIRUýWKHýWLPHðDFWLYLW\ýEXGJHWýRI
DQýH[SRVHGýLQGLYLGXDOïýý)RUýH[DPSOHñýWRýDGGUHVVýLQKDODWLRQýH[SRVXUHVýZKHUHýSROOXWDQW
FRQFHQWUDWLRQVýYDU\ýVLJQLILFDQWO\ýDPRQJýVHYHUDOýGLVWULFWVýLQýZKLFKýWKHýH[SRVHGýFRKRUWýRU
LQGLYLGXDOýOLYHVýDQGýGLIIHUýVWURQJO\ýEHWZHHQýLQGRRUýDQGýRXWGRRUýPLFURHQYLURQPHQWVñýORFDWLRQð
GHSHQGHQFHýLVýKLJKïýý+RZHYHUñýLIýWKHýSURSHUWLHVýRIýWKHýSROOXWDQWýDUHýVXFKýWKDWýFRQFHQWUDWLRQVýDUH
VLPLODUýLQýDOPRVWýDOOýPLFURHQYLURQPHQWVñýWKHQýORFDWLRQðGHSHQGHQFHýLVýORZHUïýý)RUýLQVWDQFHñýIRU
LQJHVWLRQýH[SRVXUHVýWRýDýSROOXWDQWýLQýJURXQGýZDWHUýWKDWýLVýGLVWULEXWHGýWKURXJKRXWýDýUHJLRQñýWKH
ORFDWLRQýRIýWKHýH[SRVHGýFRKRUWýRUýLQGLYLGXDOýLVýPXFKýOHVVýLPSRUWDQWýWKDQýWKHýVRXUFHýRIýWKH
FRKRUW©VýGULQNLQJýZDWHUïý

7KHýDERYHýVHWýRIýDWWULEXWHVýJLYHVýULVHýWRýDýEURDGýUDQJHýRIýH[SRVXUHýVLWXDWLRQVñýVXFKýDV
VKRUWðWHUPýLQKDODWLRQýH[SRVXUHýZLWKýVWURQJýORFDWLRQýGHSHQGHQFHñýORQJðWHUPýLQJHVWLRQýH[SRVXUH
ZLWKýZHDNýORFDWLRQðGHSHQGHQFHñýDQGýVKRUWðWHUPýGHUPDOýFRQWDFWýH[SRVXUHïýý7KHýJHQHUDOýH[SRVXUHð
HYHQWýIXQFWLRQýXVHGýLQý75,0ï([SRýFDQýEHýDGDSWHGýDFURVVýWKHýEURDGýUDQJHýRIýSUREOHPVýGHILQHGýE\
WKHVHýDWWULEXWHVïýý,QýVRPHýVLWXDWLRQVñýFRPELQLQJýWZRýRUýPRUHýVHWVýRIýH[SRVXUHýPRGHOýDWWULEXWHV
PD\ýEHýQHFHVVDU\ýõLïHïñýFRPELQLQJýORQJðWHUPýLQJHVWLRQýH[SRVXUHVýWKDWýDUHýZHDNO\ýORFDWLRQð
GHSHQGHQWýZLWKýVKRUWðWHUPýLQKDODWLRQýH[SRVXUHVýWKDWýDUHýVWURQJO\ýORFDWLRQðGHSHQGHQWôïý
75,0ï([SRýZLOOýEHýGHVLJQHGýWRýFRPELQHýH[SRVXUHýPRGHOýDWWULEXWHVñýZKHUHýSRVVLEOHïý

ëïè 75,0ý(;32685(ð(9(17ý&21&(37

$VýVWDWHGýSUHYLRXVO\ñýKXPDQýH[SRVXUHVýWRýSROOXWDQWVýPD\ýEHýGRPLQDWHGýE\ýFRQWDFWVýZLWKýD
VLQJOHýPHGLXPñýRUýFRQFXUUHQWýFRQWDFWVýZLWKýPXOWLSOHýH[SRVXUHýPHGLDýPD\ýEHýVLJQLILFDQWïýý7KH
QDWXUHýDQGýH[WHQWýRIýVXFKýH[SRVXUHVýLVýPDLQO\ýLQIOXHQFHGýE\ýWKHýSROOXWDQWýFRQFHQWUDWLRQVýLQýWKH
H[SRVXUHýPHGLDýDQGýKXPDQýIDFWRUVýõLïHïñýEHKDYLRUDOñýVRFLRORJLFDOñýDQGýSK\VLRORJLFDO
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3. SUMMARY REVIEW OF EXISTING EXPOSURE MODELS
AND RATIONALE FOR DEVELOPING TRIM.Expo

This chapter provides a review of current exposure modeling approaches and an overview
of several existing and emerging exposure assessment models.  The exposure models and
modeling frameworks described in this chapter are critically compared and their respective
strengths and weaknesses are assessed.  A more detailed comparison of the features for each of
the different exposure models identified is provided in Appendix B.

This review revealed that none of the models described here adequately meets the
exposure modeling needs of OAQPS (see Section 1.1 for a discussion of the needs of OAQPS). 
The review in this chapter highlights the unique features included in TRIM.Expo for meeting
OAQPS’ modeling needs.

3.1 RATIONALE FOR DEVELOPING TRIM.Expo

Current models used by OAQPS for estimating human exposure to criteria and hazardous
air pollutants do not include multimedia exposures.  Furthermore, the models currently in use for
estimating exposures to HAPs do not adequately estimate the spatial and temporal patterns of
exposures for all of the HAPs listed in section 112(b) of the CAA.  Adopting or integrating
existing models into a framework that meets OAQPS’ needs represents the most cost-effective
means for developing the tools needed to support the regulatory decision-making activities related
to hazardous and criteria air pollutants.

Based on the review of currently available exposure models and modeling systems, there is
no single model or modeling framework that meets the needs of OAQPS, nor any that could
function effectively by itself as part of the TRIM modeling system for estimating multimedia
exposures for a population.  Most models are limited in the type of media and environmental
processes that they are capable of addressing.  No model currently exists that addresses the broad
range of pollutants and environmental fate and transport processes that are anticipated to be
encountered by OAQPS and other stakeholders when evaluating the risks from the multitude of
hazardous and criteria air pollutants.

To summarize, none of the currently available exposure models is a sufficiently integrated
multimedia model that provides the temporal and spatial resolution needed for estimating human
exposures.  It is not known to what extent modeled exposure estimates would differ between the
currently available models and a truly integrated multimedia exposure model, such as
TRIM.Expo.  However, models that are not fully coupled have long been considered to lack
scientific credibility.  Therefore, OAQPS has determined that it is necessary to undertake efforts
to develop a truly coupled multimedia exposure modeling framework.

3.2 REQUIRED ATTRIBUTES OF THE TRIM.Expo MODULE

In addition to the five features that are required of the TRIM Exposure-Event module
(listed in Section 2.1), OAQPS determined that the module must also (1) address varying time-
steps (i.e., one hour or greater) and provide sufficient spatial detail at varying scales; (2) have the
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“transparency” needed to be practical for a large and diverse group of users; (3) be modular in
design; and (4) be easily accessible.

A key element in the development of TRIM.Expo is the need for the exposure model
system or framework to be modular in design.  A modular design is one that partitions the various
algorithms necessary for evaluating the different aspects of an exposure assessment into generally
discrete packages, or modules, which are able to interact with each other.  By creating an
exposure framework that is modular, only those model components necessary for evaluating
particular aspects of the exposure assessment and/or endpoints of interest need to be used for a
particular application.

OAQPS has decided to separately characterize uncertainty and variability on a selective
basis.  In concordance with EPA’s probabilistic modeling guidance (U.S. EPA 1997c), a staged
approach (as described in Section 4.2.9.3) will be used in characterizing uncertainty and variability
(i.e., rather than attempting to characterize uncertainty and variability for all parameters,
sensitivity analyses will be used to identify a limited number of critical parameters that most
influence the exposure outcomes and, thus, will be subjected to further analysis).  These
parameters will be examined in more detail to determine whether it is appropriate to separately
characterize uncertainty and variability based on available information.  For some parameters,
such as body weight, there are sufficient data to support the explicit characterization of variability. 
However, for other parameters where data may be insufficient to support the separate
characterization of uncertainty and variability, a distribution will be defined to reflect overall
parameter uncertainty, including inherent variability.  

3.3 OVERVIEW OF CURRENT MODELS AND MODELING
APPROACHES

Exposure modeling approaches have long been based on physical principles.  They were
developed using a concise physical interpretation of the factors affecting exposures, which were
determined prior to the development of a particular model.  Examples of this type of modeling
approach are the NAAQS Exposure Model (NEM) (U.S. EPA 1983) and several different indoor
air quality mass balance models (Nazaroff and Cass 1986, Ryan et al. 1983, Özkaynak et al.
1982).  A major limitation of these models is that they do not capture the full variability of
people’s activities as part of the exposure simulation.  In addition, uncertainty in the values of the
parameters used to make the estimates is not included.

To overcome these limitations, subsequent exposure models were developed that used a
stochastic approach.  This made it possible for estimates of population exposure to be
characterized as distributions rather than point estimates.  One of the first models developed to
use this “probabilistic” approach was the Simulation of Human Activities and PollutantExposure,
or SHAPE, model (Ott 1982, Ott 1984, Ott et al. 1988).  Shortly afterward, a probabilistic
version of NEM was developed.  The model (there were actually several pollutant-specific
versions) was referred to as the probabilistic NAAQS Exposure Model, or pNEM (McCurdy and
Johnson 1989).  While it would be difficult to accurately represent the activities of an individual
due to day-to-day variation, the general behavior of groups or subsets of the population can be
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well represented using stochastic processes.  By explicitly including variability and uncertainty in
the models, the effects of the uncertainty on the modeled exposure values can be evaluated.

Many of the early models stressed exposures to industrial and mobile sources and
attempted to account for the variability in those exposures.  Some of the earliest work in exposure
modeling attempted to simulate human exposures to lead and carbon monoxide.  With the
periodic review and revision of the NAAQS, models were developed to assess the exposures of
the population to the air pollutants for which ambient standards had been established. 

Over time, it has become clear that there are important outdoor sources other than large
industrial facilities and mobile sources, that exposures can occur both indoors and outdoors, and
that the sources of the pollutants can likewise be found both indoors and outdoors.  Over the past
decade, increasingly sophisticated methodologies have been developed for modeling and
evaluating exposures.  However, there is currently no single exposure model that can estimate all
pollutants, all sources, and all routes of exposure.  The models that have emerged are largely still
restricted to single-medium exposure assessments.  In recent years, emphasis has been placed on
developing modeling frameworks that can assess multimedia, multipollutant human exposures
within a unified framework.  This type of approach is relatively new, and a usable framework for
conducting multipathway exposure assessments has yet to emerge.  This chapter provides a
general overview of modeling approaches used to date to estimate exposures.

Table 3-1 identifies numerous air quality and exposure models and modeling systems.  
More detailed information is given in Appendix B. that are currently publicly available along with
the agency or group who was its major developer.  Some exposure models are proprietary (i.e.,
they are not “public domain”) and therefore must be purchased from the developer.  To facilitate
public access, EPA has decided that no proprietary models will be considered in the development
of TRIM.Expo.  Examples of proprietary models include RISK*ASSISTANT  and LifeLine .®  ®

The EPA’s Office of Research and Development (ORD) is currently developing a number
of exposure models and modeling systems.  The development is on-going and therefore is not
included in Table 3-1 at this time.  However, since these models represent a major effort by ORD,
a description of each has been included in Appendix B.  Examples of new and continuing
exposure modeling efforts at ORD include the development of the Stochastic Human Exposure
and Dose Simulation (SHEDS) Model (see Section B.7.7).  The SHEDS Model is a probabilistic,
physically-based model that simulates aggregate exposure and dose for population cohorts and
multimedia pollutants of interest.  Initial applications of the model have assessed children’s
exposures to pesticides (SHEDS-Pesticides) and population exposures to PM (SHEDS-PM). 
Another effort within ORD is the development of the Modeling ENvironment for TOtal Risk
(MENTOR) project.  The objective of the on-going MENTOR project is to develop, apply
through case studies, and evaluate state-of-the-art computational tools, that will support
multipathway, multiscale source-to-dose studies and exposure assessments for a wide range of
environmental pollutants.  More detail about MENTOR can be found in Appendix B.  The EPA’s
ORD is also engaged in the development of the MODELS-3/Multimedia Integrated Modeling
System (MIMS).  The MIMS will have capabilities to represent the transport and fate of nutrients
and pollutants over multiple scales.  The system will provide a computer-based problem solving
environment for testing our understanding of multimedia (atmosphere, land, water) environmental
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problems, such as the movement of pollutants through the hydrologic cycle, or the response of
aquatic ecological systems to land-use change.

Table 3-1
Air Quality and Exposure Models and Modeling Systems and Their Developers

Model Developer

INDOOR AIR EXPOSURE MODELS

INDOOR, EXPOSURE, and RISK EPA/Office of Research and Development (ORD)

MAVRIQ (Model for Analysis of Volatiles and
Residential Indoor Air Quality)

EPA/ORD

AMEM (ADL Migration Exposure Model) EPA/Office of Pollution Prevention and Toxics (OPPT)

CPIEM (California Population Indoor Exposure Model) California Air Resources Board (CARB)/Indoor Program

INDOOR / OUTDOOR AIR EXPOSURE MODELS

pNEM (probabilistic NAAQS) EPA/OAQPS

HAPEM4 (Hazardous Air Pollutant Exposure Model) EPA/OAQPS

AirPEx (Air Pollution Exposure Model) National Institute of Public Health and the Environment
(RIVM) [Netherlands]

HEM (Human Exposure Model) EPA/OAQPS

SHAPE (Simulation of Human Activities and Pollutant
Exposure)

EPA/ORD

BEAM (Benzene Exposure Assessment Model) EPA/ORD

pHAP (probabilistic HAP Exposure Model) EPA/OAQPS

CONSUMER PRODUCT EXPOSURE MODELS

CONSEXPO (CONSumer EXPOsure Model) National Institute of Public Health and the Environment
(RIVM) [Netherlands]

SCIES (Screening Consumer Inhalation Exposure EPA/ OPPT/Economics, Exposure, and Technology
Software) Division (EETD)

DERMAL EPA/OPPT/EETD

MCCEM (Multi-Chamber Concentration and Exposure
Model)

EPA/OPPT; updated by EPA/ORD

DIETARY EXPOSURE MODELS

DEPM (Dietary Exposure Potential Model) EPA/ORD

MULTIMEDIA EXPOSURE MODELS

The Exposure Commitment Method National Radiological Protection Board (NRPB) [United
Kingdom]

Layton et al. (1992) Indoor/Outdoor Air/Soil Transport U.S. Department of Energy (DOE)
Model

CalTOX (California Total Exposure Model for California Environmental Protection Agency/Department of
Hazardous Waste Sites) Toxic Substances Control (DTSC)
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MMSOILS (Multimedia Contaminant Fate, Transport,
and Exposure Model)

EPA/ORD

RESRAD (RESidual RADiation) DOE and Argonne National Laboratory

USES (Unified System for the Evaluation of National Institute of Public Health and the Environment
Substances) (RIVM) [Netherlands]

BEADS (The Benzene Exposure and Absorbed Dose
Simulation)

EPA/ORD

DERM (Dermal Exposure Reduction Model) Stanford University/Environmental Engineering and
Science Group

SCREAM2 (South Coast Risk and Exposure
Assessment Model, Version 2)

South Coast Air Quality Management District

Integrated Spatial Multimedia Compartmental Model University of California (Los Angeles)/School of
(ISMCM) Engineering and Applied Science

EXPOSURE SIMULATION MODEL SYSTEMS

GEMS (Graphical Exposure Modeling System) EPA/OPPT

THERdbASE (Total Human Exposure Risk database EPA/ORD
and Advanced Simulation Environment)

MEPAS (Multimedia Environmental Pollutant DOE and Battelle Pacific Northwest Laboratory
Assessment System)

In general, the models that most closely meet the design goals for TRIM development are
the focus of this chapter.  Generally, these include models that are able to calculate short-term
exposures (i.e., 1 hour or shorter in duration), because they can be adapted to evaluate long-term
exposures as well.  They may also be able to explicitly treat variability and uncertainty.  Other
desirable model attributes are the utilization of a mass balance approach for estimating indoor air
concentrations and the ability to track potential intake rates concurrent with exposure.  For
inhalation, this means providing estimates of the respiration rate (also called ventilation or
breathing rate) for various activities.  Additional useful features include accounting for indoor air
emission sources and the ability to include geographic mobility (e.g., commuting) in the exposure
simulation.

One model that has many of the desirable attributes is pNEM/CO (Johnson et al. 1992b,
Johnson et al. 1999).  Although this model is for a single medium only (air), it already
incorporates nearly all of the features needed for the inhalation component of TRIM.Expo (see
Appendix B, Table B-1).  In addition to the criteria listed above, pNEM/CO is well documented
and is already being used by OAQPS as an input to regulatory decision-making.  Furthermore, the
1992 version of pNEM/CO has undergone review by the Clean Air Scientific Advisory
Committee.

For modeling the non-inhalation routes of exposure, the CalTOX model (McKone 1993a,
b, c), developed at the Lawrence Berkeley National Laboratory (LBL), already includes many of
the features needed.  CalTOX has the ability to calculate multipathway exposures for organic
chemicals and some metals.  In addition, the model is stochastic and can quantify the variability
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and uncertainty in the exposure calculations.  CalTOX, pNEM/CO, and several other models for
estimating non-inhalation and inhalation exposures are discussed in the following sections.

3.3.1 INHALATION EXPOSURE MODELS

Perhaps the largest number of exposure models have been developed to assess the
relationship between chemical releases to outdoor air and human exposure to these pollutants
both indoors and outdoors.  The early “indoor/outdoor” exposure models were the first to use
newly collected information on activity patterns and microenvironmental concentrations.  They
simulated the microenvironmental concentrations based on empirical data derived from field
measurements.

The EPA played a major role in developing exposure models that addressed the air
pathway.  The original purpose of these models was to assist in setting the ambient air quality
standards by estimating the population exposure to air pollutants when alternative air quality
standards were just met.  One of the first models developed for this purpose was the NEM.  The
NEM was pollutant-specific and included versions for estimating exposures to ozone, carbon
monoxide, and particulate matter.  Later, a stochastic method for randomly selecting values for 
important variables was incorporated into the models.  These models were referred to as
“probabilistic” and hence are known as probabilistic NEM, or pNEM.  Groups outside of EPA
have used the NEM approach and developed variations of the NEM for specific applications. 
These models include SAI/NEM (Hayes et al. 1984, Hayes and Lundberg 1985), REHEX (Winer
et al. 1989, Lurmann et al. 1990, Lurmann et al. 1992), and the Event Probability Exposure
Model (EPEM) (Johnson et al. 1992a).  All three of these models are related to the NEM
approach, although significant variations now exist among the models (McCurdy 1994).

The EPA also developed exposure models for specific sources or types of sources.  In
1985, EPA’s Office of Mobile Sources (OMS) in conjunction with EPA’s Office of Research and
Development (ORD) developed a model for estimating human exposure to non-reactive pollutants
emitted by motor vehicles.  This model, named the Hazardous Air Pollutant Exposure Model for
Mobile Sources, or HAPEM-MS, is similar in methodology to the pNEM models (Johnson 1995). 
However, it differs from pNEM in the averaging time for exposure concentrations.  Instead of the
hourly resolution of pNEM, HAPEM-MS aggregates the hourly exposure concentrations to 3-
month averages, because HAPEM-MS is designed to address exposures to pollutants with
carcinogenic and other long-term effects.  Subsequently, HAPEM-MS has been enhanced and
now is able to model exposures to numerous air toxics from different sources through the use of
the air dispersion module of the Assessment System for Population Exposure Nationwide
(ASPEN) model (SAI 1999).  Given the model’s ability to estimate exposures from different types
of sources (i.e., not just mobile sources), the Mobile Sources, or “MS,” designation has been
dropped from the model’s name.  The latest version of the model is called HAPEM4.

Agencies in other countries have developed exposure models that are specific to their
population.  The Dutch, for example, have developed an inhalation exposure model based on the
pNEM approach which is used for estimating exposures of people in the Netherlands (although
the model may be adapted for any location).  The model, called the Air Pollution Exposure
Model, or AirPEx (Freijer et al. 1997), works on a personal computer (PC) using Windows . ®
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The PC platform enhances the accessibility of the model to various stakeholder groups that do not
have extensive programming expertise.  Several new exposure models are being designed to run
on PCs, and some existing models, previously run on large machines, are being modified to run on
PCs and via the Internet.

3.3.2 MULTIMEDIA EXPOSURE MODELS

Ingestion is another important route of exposure; however, modeling ingestion exposures
presents a different set of requirements than does inhalation.  For example, exposure to a
particular pollutant from a certain food source can occur in a single location or in many places
over time.  The actual location where the exposure takes place may not be the same as where the
contamination of the exposure medium occurred.  Another difference is the time period for
exposure due to ingestion.  There may be long lags between the contamination of the exposure
medium (e.g., food, water, soil) and the time that exposure occurs.  Much of the exposure
modeling that has been done for ingestion pathways has been conducted as part of multimedia
modeling efforts.  Hence, ingestion exposures discussed in the context of multimedia exposure
models.

Efforts to assess human exposure from multiple media date back to the 1950s when the
need to assess human exposure to global fallout from nuclear testing led rapidly to a framework
that included transport through and transfers among air, soil, surface water, vegetation, and
various paths of the food chain.  Efforts to apply such a framework to non-radioactive organic
and inorganic toxic chemicals have been more recent and have not as yet achieved the level of
sophistication that exists in the radioecology field.

The CalTOX program was developed for the California EPA as a set of spreadsheet
models and spreadsheet data sets to assist in assessing human exposures to toxic substances
released in multiple media (McKone 1993a,b,c).  CalTOX consists of two component models: a
multimedia transport and transformations model that is based on both conservation of mass and
chemical equilibrium, and a multipathway human exposure model that includes ingestion,
inhalation, and dermal uptake exposure routes.  It is a mass balancing model that also includes the
ability to quantify uncertainty and variability.  The exposure assessment process consists of
relating pollutant concentrations in the multimedia model compartments to pollutant
concentrations in the media with which a human population has contact (e.g., personal air, tap
water, foods, household dusts/soils).

The Integrated Spatial Multimedia Compartmental Model (ISMCM) has been under
development for the past 15 years.  The ISMCM considers all media, biological and non-
biological, in one integrated system.  The model includes both spatial and compartmental modules
to account for complex transport of pollutants through the ecosystem.  Assuming conservation of
mass, ISMCM predicts transport by using estimates of intermedia transfer factors.  A newer
version of ISMCM, called MEND-TOX, is currently under evaluation by EPA.

The Indirect Exposure Methodology (IEM) is a significant current EPA methodology for
multimedia, multipathway transport, fate, and exposure modeling.  This methodology identifies
procedures for estimating the indirect (i.e., non-inhalation) human exposures that can result from
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the transfer of emitted air pollutants to soil, vegetation, and water bodies.  The IEM addresses
exposures for a variety of receptor scenarios (e.g., subsistence fisher) via inhalation, ingestion of
food, water, and soil, and dermal contact. The most up-to-date version of the IEM methodology
is scheduled to be published in late 1999 (U.S. 1999h).  The updated documentation no longer
refers to the methodology as IEM; it is now referred to as the Multiple Pathways of Exppsure
(MPE) methodology.  Appendix B provides a more detailed discussion of the IEM model.   

3.4 STRENGTHS AND LIMITATIONS OF EXISTING MODELS

TRIM development is designed to focus on the processes that have the greatest impact on
pollutant fate and transport and on human exposure.  In order to have the same scientific basis as
the rest of the TRIM system, TRIM.Expo needs to incorporate the same attributes, including: (1)
mass conservation to the extent feasible and appropriate; (2) ability to characterize uncertainty
and variability; (3) capability to assess multiple pollutants, multiple media, and multiple exposure
pathways; and (4) ability to perform iterative analyses.  Hence, these four design attributes serve
as the basis for critically comparing the strengths and limitations of existing exposure models.

By assessing the strengths and limitations of publicly available exposure models and
modeling systems in regard to the needs defined for TRIM development, a determination can be
made regarding the features of the various models that may be incorporated into TRIM.  Table B-
2 in Appendix B compares the strengths and weaknesses of some of the most commonly used
EPA and non-EPA exposure models.  The models in this table are included because they each
have one or more of the desirable attributes identified above needed for TRIM.Expo.  

The pNEM/CO and pNEM/O  (for ozone) models have been used extensively by OAQPS3

in its reviews of the CO and ozone NAAQS, respectively (see Table B-3 in Appendix B for a
descriptive overview of many of the features of pNEM/CO).  The pNEM/CO uses a stochastic
approach for selecting input variables.  This stochastic approach allows both sensitivity and
uncertainty to be incorporated into the model operation.  Many of the model’s input variables
come from measured data, thereby decreasing the uncertainty associated with the model’s
estimates.  The pNEM/CO treats human exposure as a time series of the convergence of (1)
human activities occurring in a particular microenvironment and (2) air quality in those
microenvironments.  The model is also designed to provide estimates of the intake dose
associated with exposures.  The focus on time series modeling and intake dose allows analysts to
produce estimates of the “dose profile” of exposed people (McCurdy 1995).  A disadvantage of
the pNEM/CO model in its current form is that it is difficult to execute.  The pNEM/CO model,
as with all of the pNEM models, is a single pollutant, single media model.

The CalTOX model (see Table B-4, Appendix B) consists of two main components: a
multimedia transport and transformation model and a multipathway human exposure model.  The
multimedia transport and transformation model is based on both the conservation of mass and
chemical equilibrium.  The multimedia transport model is a dynamic model that can be used to
assess time-varying concentrations of pollutants introduced initially into the soil or released to the
air, soil, or water.  The exposure model has 23 exposure pathways encompassing all three
environmental routes of exposure, which are used to estimate average daily doses within a human
population in the vicinity of a hazardous air pollutant release site.  The exposure assessment
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process consists of relating pollutant concentrations in the multimedia model compartments to
pollutant concentrations in the media with which a human population has contact (e.g., personal
air, tap water, foods, house dust).  This explicitly differentiates the environmental media pollutant
concentrations from the pollutant concentrations in the exposure media to which humans are
exposed.  In addition, all input variables are taken from distributions.

The CalTOX model is limited in the extent of the environmental settings for which it can
be applied.  For example, it has limited effectiveness for settings where there is a large ratio of
land area to surface water area.  In addition, it was developed for a limited range of pollutants
(i.e., non-ionic organic chemicals in a liquid or gaseous state).  As a result, CalTOX does not
provide adequate flexibility in the environmental settings or the chemical classes it models.  Also,
CalTOX does not allow spatial tracking of a pollutant, hence it is not directly applicable to the
TRIM approach.

HAPEM has undergone many enhancements in recent years.  The most recent of these is
the ability of the model to use air quality concentration estimates from the ASPEN.  This latest
version of HAPEM is designated HAPEM4 (see Table B-5, Appendix B)..  It allows exposure to
population cohorts to be simulated at the census tract level.  This is a much finer spatial resolution
than was previously possible.  It also means that calculation of population exposures no longer
needs to rely solely on data from fixed-site monitors.  This is important for estimating exposures
to HAPs because widespread monitoring networks for these pollutants are not available.

The HAPEM4 calculates long-term average exposure concentrations in order to address
exposures to pollutants with carcinogenic and other long-term effects.  Thus, HAPEM4 does not
preserve the time-sequence of exposure events when sampling from the time/activity database. 
This means that information to evaluate possible correlations in exposures to different pollutants
due to activities that are related in time is not preserved.  Also, the model does not include any
measures of the ventilation rate associated with an activity, so that there is no ability to calculate
the potential dose received when engaging in various activities.

The IEM has been used by EPA in a variety of applications and has undergone extensive
scientific peer review.  The methodology includes fate and transport algorithsms, exposure
pathways, receptor scenarios, and dose algorithms.  It also includes procedures for estimating the
indirect (i.e., non-inhalation) human exposures and health risks that can result from the transfer of
pollutants to soil, vegetation, and water bodies.

The IEM is limited, relative to OAQPS’s needs, because the methodology, as currently
implemented, can be applied only to pollutants that are emitted to air.  While IEM is a significant
current EPA methodology for multimedia, multipathway exposure modeling, it does not fully
satisfy the needs of OAQPS.  An important limitation of IEM, relative to the needs of OAQPS, is
that it consists of a one-way process through a series of linked models, using as inputs the annual
average air concentrations and wet and dry deposition values from external air dispersion
modeling.  As a result, it is not a truly coupled multimedia model and does not have the ability to
maintain a full mass balance or model “feedback” loops between media or secondary emissions,
nor can it provide a detailed time series estimation of media concentrations and resultant
exposures.  The methodology does not provide for the flexibility OAQPS needs in site-specific
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applications or in estimating population exposures.  Significant site-specific adjustments must be
made to allow for spatially tracking the relationship between concentrations and exposures.  Much
of the focus of the methodology is on evaluating specific receptor scenarios (e.g., recreational or
subsistence fisher) that may be indicative of high-end or average exposures rather than on
modeling the range of exposures within a population (i.e., IEM cannot estimate population
exposure distributions).  Appendix B provides more detailed discussion of the IEM model.   

The Integrated Spatial Multimedia Compartmental Model (ISMCM) has been undergoing
development at the University of California’s (Los Angeles) School of Engineering and Applied
Science for the last 15 years.  The latest version of ISMCM, called MEND-TOX, is currently
under evaluation at EPA’s Office of Research and Development.  The ISMCM considers all
media in a single integrated system.  It includes both spatial and compartmental modules to
account for complex transport of pollutants through the ecosystem.  The model is mass
conserving and is able to estimate intermedia transfer factors desirable for TRIM.

An important limitation of ISMCM for use in TRIM.Expo development is the lack of
flexibility in the spatial configuration of the model.  The links and compartments in ISMCM are
predetermined, thus limiting its ability to be fully integrated into a system like TRIM.  Another
drawback to ISMCM is that it is not structured to incorporate uncertainty and variability directly
into the model outputs.

The South Coast Risk and Exposure Assessment Model (SCREAM2) provides the ability
to model both inhalation and multipathway non-inhalation exposures (see Appendix B, Table B-6)
(Rosenbaum et al. 1994).  The model can use both measured and modeled air quality data, thus
increasing the spatial resolution and number of the pollutants being studied.  The SCREAM2 also
includes an indoor air model for calculating indoor air concentrations.  An internal submodel,
called MULTPATH, calculates population exposures from several non-inhalation pathways,
including food ingestion, water ingestion, and dermal adsorption.  The inhalation exposure
module accounts for mobility patterns of the population, indoor-outdoor exposure concentration
differences, and physical exercise levels.

The use of SCREAM2 in the TRIM.Expo framework is limited because it is a
deterministic model, so that input and output data are represented as point estimates rather than
ranges or distributions.  This limitation also restricts the model’s ability to explicitly characterize
uncertainty.  The SCREAM2 framework consists of a one-way process through a series of linked
models, based on annual average air concentrations and wet and dry deposition values from air
dispersion modeling.  In contrast, TRIM.Expo will have the capability to report exposure results
for both short-term and long-term averages and will allow for “feedback” loops and secondary
emissions.

The California Population Indoor Exposure Model (CPIEM) was developed to evaluate
indoor exposures for the general California population as well as certain subgroups such as
individuals who may be highly sensitive to indoor pollutants (see Appendix B, Table B-7) (CARB
1998a).  The CPIEM combines indoor-air concentration distributions with Californians’ location
and activity information to produce exposure and dose distributions for different types of indoor
environments.  This is achieved through a Monte Carlo simulation whereby a number of
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location/activity profiles that were collected in Air Resources Board (ARB) studies are combined
with airborne pollutant concentrations for specific types of microenvironments (e.g., residences,
office buildings).  

Concentration distributions for many pollutants and microenvironments are included in the
CPIEM database.  However, for pollutants and microenvironments not included in the database,
CPIEM presents two alternatives.  The first option is to estimate indoor air concentration
distributions based on distributional information for mass balance parameters such as indoor
source emission rates, building volumes, and air exchange rates.  The second option is for the user
to directly specify concentration distributions.  The concentration values for a particular
environment are then sampled from the distributions and multiplied by time durations of the
population groups in the environment, based on results from Californians’ location/activity
profiles, to calculate time-integrated exposure.

Model limitations for CPIEM include the assumption that concentrations in different
environments on the same day are independent.  For example, if outdoor concentrations have a
significant impact on indoor concentrations they may be correlated, so that the assumption of
independence may misrepresent the shape of the exposure/dose distribution.  The impact could be
significant, particularly at the upper end of the distribution where the calculated exposures could
be underestimated.  Also, since CPIEM uses activity profiles from a limited number of studies
(i.e., only those conducted in California), the results may not represent small subgroups of the
population or population groups in other regions of the U.S.
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RIýWLPHVýWKHýFRQFHQWUDWLRQýH[FHHGHGýVSHFLILHGýFRQFHQWUDWLRQýOHYHOVâýõçôýWKHýDYHUDJHýH[SRVXUH
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&+$37(5ýé
'(6,*1ý)5$0(:25.ý$1'ý&21&(378$/,=$7,21ý2)ý75,0ï([SR

129(0%(5ýìäää éðê 75,0ï(;32ý76'ýõ'5$)7ô

)LJXUHýéðì
,OOXVWUDWLRQýRIýDQý([SRVXUHð(YHQWý6LPXODWLRQ

éïìïì %$6,&ý(;32685(ð(9(17ý)81&7,21ý

7KHýEDVLFýH[SRVXUHðHYHQWýIXQFWLRQýGHWHUPLQHVýWKHýPLFURHQYLURQPHQWDOýH[SRVXUHýWRýDQ
LQGLYLGXDOýRUýFRKRUWýIURPýDQýH[SRVXUHýPHGLXPýGXULQJýWLPHýVWHSñýWïýý,WýGHILQHVýH[SRVXUHýDVýWKH
SURGXFWýRIýFRQFHQWUDWLRQýDQGýH[SRVXUHýGXUDWLRQñýDVýLOOXVWUDWHGýLQý)LJXUHýéðìýDQGýVKRZQýLQ
(TXDWLRQýéðìïýý7KLVýHTXDWLRQýFDQýDOVRýEHýXVHGýWRýGHILQHýDQýH[SRVXUHýFRQFHQWUDWLRQýLQýRWKHUýPHGLDñ
VXFKýDVýZDWHUýDQGýIRRGñýDOWKRXJKýLWýLVýOHVVýLQWXLWLYHýWKDQýDQýH[SRVXUHýRIýPJîNJðERG\ðZHLJKWýIRU
IRRGïýý)RUýH[SRVXUHýPHGLDýVXFKýDVýIRRGýDQGýZDWHUñýWKHýSRWHQWLDOýGRVHýUDWHýLVýSUHIHUUHGýDVýDýEDVLV
IRUýLQWDNHýHVWLPDWHVýõVHHý6HFWLRQýéïìïèôï

õéðìô( ) ( ) ( )( W & L N O W (7 L N O W] P P ] Pñ ññ ñ ñ ñ ñ ñ=

ZKHUH
(]ñP  ([SRVXUHýH[SHULHQFHGýE\ýSHUVRQý]ýIURPýH[SRVXUHýPHGLXPýPýGXULQJýWLPH

VWHSýWñýJLYHQýWKDWýSHUVRQý]ýLVýLQýH[SRVXUHýGLVWULFWýLýLQýPLFURHQYLURQPHQWýN
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7KHýWLPHýVHULHVýRIýFRQFHQWUDWLRQVýWKDWýFRXOGýSRWHQWLDOO\ýUHVXOWýLQýDQýH[SRVXUHýFRPSULVHVýD
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SDUWLFXODUýPLFURHQYLURQPHQWýIURPýWLPHýWLðìýWRýWLýDQGýWKDWýWKHýFRQFHQWUDWLRQýRIýWKHýSROOXWDQWýõJLYHQ
E\ýFLôýUHPDLQHGýIDLUO\ýFRQVWDQWýGXULQJýWKLVýWLPHýSHULRGýõWRýPDNHýWKLVýH[DPSOHýDVýVLPSOHýDV
SRVVLEOHýWLý¤ýWLðìý ý�WLýLVýGHILQHGýDVýRQHýKRXUôïýý7KHýVKDGHGýUHFWDQJOHýLQý)LJXUHýéðëýKDVýKHLJKWýFLýDQG
ZLGWKý�WLïýý7KHýDUHDýJLYHQýE\ýWKLVýUHFWDQJOHýLVñýWKHUHIRUHñýFLýõ�WLôýDQGýDVýVWDWHGýDERYHýDQGýVKRZQýLQ
(TXDWLRQýéðìýWKHýSURGXFWýRIýDýFRQFHQWUDWLRQýDQGýDýWLPHýLQWHUYDOýLVýHTXDOýWRýH[SRVXUHïýý7KXVñýWKH
DUHDýJLYHQýE\ýWKHýVKDGHGýUHFWDQJOHýDSSUR[LPDWHVýWKHýSHUVRQ©VýH[SRVXUHýRYHUýWKHýWLPHýLQWHUYDO
IURPýWLðìýWRýWLïýý7KHýVXPýRIýWKHýDUHDVýRIýPDQ\ýVXFKýUHFWDQJOHVýIURPýWLPHýDýWRýWLPHýEýDSSUR[LPDWHV
WKHýSHUVRQ©VýH[SRVXUHýIRUýWKLVýLQWHUYDOýRIýWLPHýDQGýDSSOLHVýZKHWKHUýWKHýSHUVRQýUHPDLQVýLQýDýVLQJOH
PLFURHQYLURQPHQWýRUýYLVLWVýPDQ\ýPLFURHQYLURQPHQWVïýý7KHUHIRUHñýWKHýKDWFKHGýDUHDýJLYHQýE\ý%ýLQ
)LJXUHýéðëýLVýWKHýSHUVRQ©VýLQWHJUDWHGýH[SRVXUHýIURPýWLPHýDýWRýWLPHýEï

,IýDýGRVHýPHWULFñýVXFKýDVýEUHDWKLQJýUDWHýRUýLQJHVWLRQýUDWHñýKDGýEHHQýLQFOXGHGýZLWKýWKH
LQIRUPDWLRQýRQýFRQFHQWUDWLRQñýWKHQýWKHýSURILOHýLQý)LJXUHýéðëýZRXOGýDSSUR[LPDWHýWKHýSRWHQWLDO
GRVHïýý7KHýGRVHýSURILOHýFRPELQHVýLQIRUPDWLRQýRQýSROOXWDQWýFRQFHQWUDWLRQVñýDFWLYLW\ýSDWWHUQVñýDQG
LQWDNHýUDWHVïýý)RUýPDQ\ýSROOXWDQWVýõHïJïñýR]RQHñýFDUERQýPRQR[LGHôñýWKHýWLPHýVHULHVýRIýH[SRVXUHýRU
SRWHQWLDOýGRVHýPD\ýEHýPRUHýLPSRUWDQWýIRUýHVWLPDWLQJýWKHýKHDOWKýLPSDFWýWKDQýWKHýRYHUDOOýDYHUDJH
H[SRVXUHýRUýFXPXODWLYHýGRVHýõ0F&XUG\ýìääæôïýý)LJXUHýéðëýDOVRýVKRZVýVRPHýRIýWKHýPHDVXUHVýRI
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%ý  ý LQWHJUDWHGýH[SRVXUHýIURPýWLPHýW DýWRýW E
3ý  ý WLPHýEHWZHHQýSHDNVýRYHUý[
5ý  ý UHVSLWHVýEHWZHHQýH[FHHGDQFHVýRIý[

H[SRVXUHýRUýSRWHQWLDOýGRVHýWKDWýPD\ýEHýGHULYHGýIURPýWKHýSURILOHïýý7KHýRXWSXWýRSWLRQVýIRU
75,0ï([SRýZLOOýLQFOXGHýH[SRVXUHýDQGýSRWHQWLDOýGRVHýSURILOHVï

)LJXUHýéðë
([DPSOHýRIýDQý([SRVXUHýRUýDý3RWHQWLDOý'RVHý3URILOHýDQGý$VVRFLDWHGý0HDVXUHVý

õDGDSWHGýIURPý0F&XUG\ýìääæô

7KHýPHWKRGýRIýFRPELQLQJýWKHýYLWDOýLQIRUPDWLRQýWKDWýLVýXVHGýLQýDýGRVHýSURILOHýPDNHVýLW
SRVVLEOHýWRýGHYHORSýHVWLPDWHVýIRUýDOWHUQDWLYHýH[SRVXUHýDQGýGRVHýPHWULFVýIRUýGLIIHUHQWýDYHUDJLQJ
WLPHVýIURPýRQHýKRXUýWRýDý\HDUýRUýPRUHïýý([DPSOHVýRIýDOWHUQDWLYHýPHWULFVýWKDWý2$436ýKDVýQHHGHG
WRýLQYHVWLJDWHýUHFHQWO\ýLQFOXGHýFKLOGUHQýH[SRVHGýWRýåðKRXUýGDLO\ýR]RQHýYDOXHVýJUHDWHUýWKDQýíïíå
SSPýZKLOHýH[HUFLVLQJýDWýDýEUHDWKLQJýUDWHýRIýìèý/îPLQîPëýRUýKLJKHUñýDQGýFDUGLRYDVFXODUðLPSDLUHG
SHUVRQVýZLWKýDýGDLO\ýFDUER[\KHPRJORELQýOHYHOýRIýëýSHUFHQWýRUýKLJKHUýGXHýWRý&2ýH[SRVXUHV
õ0F&XUG\ýìääèôïýý,QGHHGñýE\ýXVLQJýWKLVýGLVDJJUHJDWHGýDSSURDFKñýDOPRVWýDQ\ýFRPELQDWLRQýRI
H[SRVXUHýDQGýGRVHýPHWULFVýLVýSRVVLEOHï

:LWKýUHVSHFWýWRýKHDOWKýHIIHFWVñýWZRýLPSRUWDQWýFRQVLGHUDWLRQVýDUHýõìôýWKHýWLPHðVFDOHýRIýWKH
KHDOWKýHIIHFWVýWKDWýUHVXOWýIURPýDQýH[SRVXUHýRUýUHSHDWHGýH[SRVXUHVýDQGýõëôýZKHWKHUýWKHUHýLV
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DVVXPHGýWRýEHýDýWKUHVKROGýFRQFHQWUDWLRQýEHORZýZKLFKýQRýKHDOWKýLPSDFWVýDUHýH[SHFWHGïý
'HSHQGLQJýXSRQýWKHýKHDOWKýHIIHFWVýDVVRFLDWHGýZLWKýWKHýSROOXWDQWýRIýLQWHUHVWñýWKHýH[SRVXUHýDQG
SRWHQWLDOýGRVHýSURILOHýPD\ýEHýXVHGýWRýGHULYHýVHYHUDOýPHWULFVïýý)RUýH[DPSOHñýLIýWKHýWLPHýVWHSVýDUH
RQHðKRXUñýHDFKýFRQFHQWUDWLRQýHVWLPDWHýUHSUHVHQWVýDýRQHðKRXUýDYHUDJHïýý,IýWKHýSROOXWDQW©VýKHDOWK
HIIHFWýLVýDVVRFLDWHGýZLWKýRQHðKRXUýDYHUDJHýH[SRVXUHVýDQGýKDVýDýORZHVWýREVHUYHGýRUýDýQRýREVHUYHG
DGYHUVHýHIIHFWýOHYHOýõHïJïñý[ôñýLPSRUWDQWýPHWULFVýPLJKWýLQFOXGHýWKHýIROORZLQJýõUHIHUýWRý)LJXUHýéðëôï

ìï 7KHýQXPEHUýRIýSHUVRQðKRXUVýRIýH[SRVXUHýWRýFRQFHQWUDWLRQVýDERYHý[ã

õéðëô= × ×∑3 FRKRUW W & W
W

õ ô > õ ô õ ô@∂

ZKHUHã
3õFRKRUWô  ý SRSXODWLRQýRIýWKHýFRKRUWñ
0õWôý  ý íýLIý&õWôý&ý[ñýìýLIý&õWôý!ý[ñýDQG
&õWôý  ý H[SRVXUHýFRQFHQWUDWLRQýIRUýWLPHýVWHSýWï

ëï 7KHýVXPýRIýWKHýFRQFHQWUDWLRQVýWKDWýH[FHHGý[

õéðêô= ×∑ > õ ô õ ô@∂ W & W
W

ZKHUHã
W  ý DñýWìñýWëñýïýïýïñýWQðìñýWQý ýEýõUHIHUýWRý)LJXUHýéðëôï

êï 7KHýDYHUDJHýRIýWKHýFRQFHQWUDWLRQVýWKDWýH[FHHGý[

õéðéô=
×∑

∑
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õ ô

∂
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W & W

W
W

W

éï 7KHýVXPýRIýH[FHHGDQFHVýRIý[ñýZKHQýLWýLVýH[FHHGHG

õéðèô= × −∑> õ ô ^ õ ô `@∂ W & W [
W

ZKHUHã
Wý  ý DñýWìñýWëñýïýïýïñýWQðìñýWQý ýEýõUHIHUýWRý)LJXUHýéðëôï
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èï 7KHýDYHUDJHýH[FHHGDQFHýRIý[ñýZKHQýLWýLVýH[FHHGHG

õéðçô=
× −∑

∑
> õ ô ^ õ ô `@

õ ô

∂

∂

W & W [

W
W

W

2WKHUýLPSRUWDQWýPHWULFVýPLJKWýLQFOXGHýWKHýDYHUDJHýQXPEHUýRIýVHTXHQWLDOýKRXUVýH[FHHGLQJý[ñýRU
WKHýDYHUDJHýQXPEHUýRIýWLPHýVWHSVýEHWZHHQýORFDOýFRQFHQWUDWLRQýSHDNVýõLïHïñýDYHUDJHýOHQJWKýRI
UHVSLWHVôï

,IýWKHýSROOXWDQW©VýKHDOWKýHIIHFWýGRHVýQRWýKDYHýDýVSHFLILFýEHQFKPDUNýFRQFHQWUDWLRQýõLïHïñ
ORZHVWýREVHUYHGýRUýQRýREVHUYHGýDGYHUVHýHIIHFWýOHYHOôñýEXWýLVýDVVRFLDWHGýZLWKýDýFHUWDLQýDYHUDJLQJ
WLPHýõHïJïñýìðKRXUñýåðKRXUñýëéðKRXUñýDQQXDOôñýLPSRUWDQWýPHWULFVýPLJKWýLQFOXGHã

� 7KHýGLVWULEXWLRQýRIýWKHýPD[LPXPýFRQFHQWUDWLRQýFRUUHVSRQGLQJýWRýWKHýDYHUDJLQJýWLPHýRI
LQWHUHVWýIRUýWKHýH[SRVXUHýSHULRGñýW\SLFDOO\ýRQHý\HDUýõHïJïñýGLVWULEXWLRQýRIýWKHýPD[LPXPýåð
KRXUýDYHUDJHýFRQFHQWUDWLRQýIRUýDQ\ýWLPHýGXULQJýWKHý\HDUôñýRU

� 7KHýDYHUDJHýGDLO\ýPD[LPXPýFRQFHQWUDWLRQýFRUUHVSRQGLQJýWRýWKHýDYHUDJLQJýWLPHýRI
LQWHUHVWýIRUýWKHýH[SRVXUHýSHULRGýõHïJïñýWKHýDYHUDJHýRIýWKHýPD[LPXPýåðKRXUýDYHUDJH
FRQFHQWUDWLRQýIRUýHDFKýGD\ýRIýWKHý\HDUôï

7KHý75,0ï([SRýPRGXOHýZDVýGHVLJQHGýWRýDGGUHVVý2$436©ýQHHGýIRUýDQýLQWHJUDWHG
H[SRVXUHýPRGHOýV\VWHPýWKDWýFDQýHYDOXDWHýWKHýGLVWULEXWLRQýRIýWKHýSRSXODWLRQýH[SRVHGýWRýVSHFLILHG
OHYHOVýRIýDLUýSROOXWLRQýDQGýWKHýQXPEHUýRIýWLPHVýWKH\ýDUHýH[SRVHGýIRUýRQHðKRXUñýHLJKWðKRXUñ
PRQWKO\ñýTXDUWHUO\ñýVHDVRQDOñýDQGýDQQXDOýDYHUDJLQJýSHULRGVýõ0F&XUG\ýìääèôïýý$VýGHVFULEHG
DERYHñý75,0ï([SRýZLOOýIXOILOOýWKLVýQHHGýE\ýSURGXFLQJýSRSXODWLRQýGLVWULEXWLRQVýRIýPXOWLSOH
H[SRVXUHñýGRVHñýDQGýGRVHðUDWHýLQGLFDWRUVï

éïìïê $9(5$*(ý(;32685(ý&21&(175$7,21

'XULQJýDýUHODWLYHO\ýORQJýWLPHýSHULRGýõHïJïñýGD\ñýZHHNñý\HDUôñýLQGLYLGXDOVýKDYHýGLIIHUHQW
WLPHîDFWLYLW\ýEXGJHWVýDQGýRFFXS\ýGLIIHUHQWýPLFURHQYLURQPHQWVýZLWKýGLIIHUHQWýSROOXWDQW
FRQFHQWUDWLRQVïýý,QýVXFKýFDVHVñýH[SRVXUHýFDQQRWýEHýDGGUHVVHGýE\ýXVLQJýWKHýEDVLFýH[SRVXUHðHYHQW
IXQFWLRQïýý'XDQýõìäåëôýSURSRVHGýDýPHWKRGýWRýGHWHUPLQHýWKHýDYHUDJHýH[SRVXUHýFRQFHQWUDWLRQñ
(&]ñPñýWKDWýKDVýEHHQýXVHGýE\ýRWKHUVýõ2WWýìäåéñý2WWýHWýDOïýìäååñý2WWýHWýDOïýìääëDñý.OHSHLVýìääéñ
/XUPDQQýDQGý.RUFýìääéñý0DF,QWRVKýHWýDOïýìääèôãý

õéðæô(&
7

& L N O W (7 L N O W] P P ] P
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ZKHUHã
(&]ñPý  ý DYHUDJHýH[SRVXUHýFRQFHQWUDWLRQýLQýH[SRVXUHýPHGLXPýPýRIýLQGLYLGXDOýRU

FRKRUWý]ýRYHUýWLPHýSHULRGý7ñýZKHUHý7ýLVýXVHGýDVýWKHýDYHUDJLQJýWLPHýDQGýLV
WKHýVXPýRIýDOOýWLPHýVWHSVñýWý

7ý  ý VXPýRIýDOOýWLPHýVWHSVñýWïýý

7KHýDOJRULWKPýZRXOGýGHWHUPLQHýDQýH[SRVXUHýFRQFHQWUDWLRQýDYHUDJHGýRYHUýWKHýWRWDO
SRWHQWLDOýH[SRVXUHýGXUDWLRQýFRQVLGHUHGýLQýDýVSHFLILFý75,0ï([SRýDSSOLFDWLRQïýý+RZHYHUñýWKH
DYHUDJLQJýWLPHýPD\ýQRWýFRUUHVSRQGýWRýWKHýDYHUDJLQJýWLPHýVSHFLILHGýIRUýDýKHDOWKýEHQFKPDUNïýý)RU
H[DPSOHñýWKHýH[SRVXUHýDYHUDJLQJýWLPHýIRUýDýSDUWLFXODUýDSSOLFDWLRQýRIý75,0ï([SRýPD\ýEHýDý\HDUñ
ZKLOHýWKHýDYHUDJLQJýWLPHýIRUýWKHýKHDOWKýEHQFKPDUNýIRUýWKHýSROOXWDQWýPD\ýEHýVSHFLILHGýIRUýD
OLIHWLPHïýý6XFKýLVVXHVýZLOOýQHHGýWRýEHýDGGUHVVHGýLQý75,0©Vý5LVNý&KDUDFWHUL]DWLRQýPRGXOHñ
75,0ï5LVNï

éïìïé ,17$.(ð$'-867('ý$9(5$*(ý(;32685(ý&21&(175$7,21

&XPXODWLYHýH[SRVXUHýFDQýDOVRýEHýGHWHUPLQHGýXVLQJýRYHUDOOýDYHUDJHýFRQFHQWUDWLRQýRIýWKH
H[SRVXUHýPHGLXPýWKDWýHQWHUVýWKHýERG\ýRYHUýWLPHýSHULRGý7ïýý7KHýLQWDNHðDGMXVWHGýDYHUDJHýH[SRVXUH
FRQFHQWUDWLRQñý,(&]ñýLVýFDOFXODWHGýXVLQJýDýZHLJKWLQJýIDFWRUýEDVHGýRQýWKHýLQWDNHýUDWHñýVXFKýDV
EUHDWKLQJýRUýLQJHVWLRQýUDWHã
ý

õéðåô,(&
& L N O W (7 L N O W ,8 W

(7 L N O W ,8 W
]

P ] P ]

W

] P]

W

=
∑

∑
õ ñ ñ ñ ô õ ñ ñ ñ ô õ ô
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ñ

ZKHUHý
,8Pññ]õWôý  UDWHýRIýLQWDNHîXSWDNHýLQýH[SRVXUHýPHGLXPýPýE\ýLQGLYLGXDOýRUýFRKRUWý]

GXULQJýDQýH[SRVXUHýWLPHýVWHSýWñýDQGýXQGHUýRWKHUýIDFWRUVýWKDWýDUHýGHILQHG
DERYHïýý)RUýIRRGýLQJHVWLRQñýWKHýXQLWVýRIýPHDVXUHPHQWýIRUý,8P]ýPLJKWýEH
NJðIRRGîNJðERG\ðZHLJKWýGXULQJýDQýH[SRVXUHýGXUDWLRQý(7ï

éïìïè ,17(50(',$ý75$16)(5ý)$&725

,QýPDQ\ýVLWXDWLRQVñýWKHýFRQFHQWUDWLRQýLQýWKHýH[SRVXUHýPHGLXPñý&PñýLVýQRWýNQRZQýGLUHFWO\
DQGýPXVWýEHýHVWLPDWHGýIURPýDQýLQWHUPHGLDýWUDQVIHUïýý)RUýH[DPSOHñýWKHýRXWGRRUýDLUýFRQFHQWUDWLRQ
RIýDýSDUWLFXODUýSROOXWDQWýPD\ýEHýNQRZQñýEXWýWKHýSROOXWDQWýFRQFHQWUDWLRQýLQGRRUVýDQGýWKHýH[SRVXUH
PHGLXPýPD\ýEHýXQNQRZQïýý7RýGLIIHUHQWLDWHýWKHýLQGRRUýDLUýFRQFHQWUDWLRQýFRQWULEXWLRQýIURPýWKDWýRI
WKHýRXWGRRUýDLUýUHTXLUHVýDQýLQWHUPHGLDýWUDQVIHUýIDFWRUñýZKLFKýFRQYHUWVýWKHýWLPHýKLVWRU\ýRI
FRQFHQWUDWLRQVýWKDWýLVýNQRZQýõLïHïñýRXWGRRUýDLUôýWRýDQýHVWLPDWHýRIýWKHýWLPHýKLVWRU\ýRIýWKHýXQNQRZQ
FRQFHQWUDWLRQýõLïHïñýLQGRRUýDLUôïýý2WKHUýH[DPSOHVýRIýLQWHUPHGLDýWUDQVIHUVýLQFOXGHýVRLOýWRýKRXVHýGXVWñ
ZDWHUýWRýLQGRRUýDLUñýZDWHUýWRýILVKñýDQGýVRLOýWRýKRPHðJURZQýYHJHWDEOHVï
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7KHýLQWHUPHGLDýWUDQVIHUýIDFWRUñý,7)ñýLVýXVHGýDVýIROORZVã

õéðäô& L N O W & M V ,7) M V P N WP Q

VM

õ ñ ñ ñ ô õ ñ ô õ ñ ñ ñ ô= ⇒∑∑

,QýWKLVýH[SUHVVLRQñýIRUýH[SRVXUHýPHGLXPýPýõHïJïñýDLUñýZDWHUñýVRLOôýDWýORFDWLRQýLýLQ
PLFURHQYLURQPHQWýNýDVVRFLDWHGýZLWKýDFWLYLW\ýOýGXULQJýWLPHýVWHSýWñý&PõLñNñOñWôýLVýWKHýFRQFHQWUDWLRQ
FRQWULEXWHGýE\ýFRQFHQWUDWLRQý&QõMñVôýIURPýHQYLURQPHQWDOýPHGLXPýQýDWýORFDWLRQýMýDQGýWLPHýVïýý,7)
õMñVýÙPñNñWôýLVýWKHýLQWHUPHGLDýWUDQVIHUýDOJRULWKPýWKDWýPDSVýFRQFHQWUDWLRQý&QõMñVôýWRýFRQFHQWUDWLRQ
&PõLñNñOñWôïýý6XPPDWLRQýRIýWKHýSURGXFWý&Qý[ý,7)ýWLPHýRFFXUVýRYHUýSUHYLRXVýWLPHýVWHSVýWKDWýLPSDFW
FXUUHQWýWLPHýVWHSýWýDQGýRYHUýDOOýORFDWLRQVýMýWKDWýLPSDFWýFXUUHQWýPLFURHQYLURQPHQWýNï

éïìïç $9(5$*(ý'$,/<ý327(17,$/ý'26(ý

7KHýH[SRVXUHðHYHQWýIXQFWLRQýLVýIUHTXHQWO\ýXVHGýWRýDVVHVVýWKHýSRWHQWLDOýGRVHýWRýDQýH[SRVHG
LQGLYLGXDOýIURPýKLVýRUýKHUýFXPXODWLYHýLQWDNHýRYHUýVRPHýWLPHýSHULRGýUHODWLYHýWRýDQýDYHUDJLQJýWLPHïý
7KHýDYHUDJHýGDLO\ýSRWHQWLDOýGRVHñý$''SRWñýLVýWKHýSRWHQWLDOýGRVHýSHUýGD\ýõGôïýý,WýLVýVLPLODUýWRýWKHý
LQWDNHðDGMXVWHGýDYHUDJHýH[SRVXUHýFRQFHQWUDWLRQñýEXWýGHILQHVýDQýDYHUDJHýUDWHýRIýLQWDNHýLQýPJîNJîG
RUýPJîGýRYHUýWKHýDYHUDJLQJýWLPHýLQVWHDGýRIýDýFRQFHQWUDWLRQïýý

õéðìíô
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ZKHUHã
7ý  ý DYHUDJLQJýWLPHýXVHGýWRýDVVHVVýWKHýKHDOWKýHIIHFWVýRIýWKHýLQWDNHñ
,8]ñPõWôý ý UDWHýRIýLQWDNHîXSWDNHï

éïë '(),1,1*ý7+(ý02'(/ý&20321(176ý)25ý$ý75,0ï([SR
$33/,&$7,21

7RýVHWýXSýDý75,0ï([SRýDSSOLFDWLRQñýVHYHUDOýVWHSVýPXVWýEHýSHUIRUPHGïýý

ìï ,GHQWLI\ýWKHýSROOXWDQWõVôýRIýLQWHUHVWñýWKHýVWXG\ýDUHDñýWKHýH[SRVXUHýGLVWULFWVñýDQGýWKH
SRSXODWLRQõVôýRIýLQWHUHVWïýý

ëï 'HWHUPLQHýHQYLURQPHQWDOýPHGLDýZLWKLQýHDFKýH[SRVXUHýGLVWULFWïýýý(VWLPDWHýDPELHQWýPHGLD
DQGýWLPHðYDU\LQJýSROOXWDQWýFRQFHQWUDWLRQVýLQýWKHýHQYLURQPHQWDOýPHGLDï

êï ,GHQWLI\ýH[SRVXUHýPHGLDýIRUýWKHýSRSXODWLRQõVôýRIýLQWHUHVWïýý

éï &RQVWUXFWýDQGýHYDOXDWHýLQWHUPHGLDýWUDQVIHUýIDFWRUVýUHODWLQJýWLPHðYDU\LQJýH[SRVXUHýPHGLD
FRQFHQWUDWLRQVýWRýWLPHðYDU\LQJýHQYLURQPHQWDOýPHGLDýFRQFHQWUDWLRQVïýý
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èï 'LYLGHýWKHýSRSXODWLRQõVôýRIýLQWHUHVWýLQWRýDQýDSSURSULDWHýVHWýRIýFRKRUWVï

çï 'HYHORSýDýVHTXHQFHýRIýH[SRVXUHýHYHQWVýOLQNLQJýWKHýFRKRUWVýWRýH[SRVXUHýPHGLDïý

æï &UHDWHýDýGRVHýSURILOHýIRUýHDFKýH[SRVXUHýURXWHýEDVHGýRQýWKHýLQWDNHýRIýSROOXWDQWõVôýLQýHDFK
H[SRVXUHýHYHQWýIRUýHDFKýFRKRUWïýý

)LJXUHýéðêýLOOXVWUDWHVýDýW\SLFDOý75,0ï([SRýDSSOLFDWLRQïýý3ROOXWDQWVýIURPýHQYLURQPHQWDO
PHGLDýFRQWDLQHGýLQýHQYLURQPHQWDOýGLVWULFWVýDUHýOLQNHGýWRýPLFURHQYLURQPHQWVýWKURXJKýWKH
LQWHUPHGLDýWUDQVIHUýIDFWRUVïýý&RKRUWýDFWLYLWLHVýDUHýOLQNHGýWRýWKHýPLFURHQYLURQPHQWVýDVýZHOOïýý7KLV
LQIRUPDWLRQýLVýWKHQýXVHGýWRýDVVHVVýDQýH[SRVXUHýSURILOHýDQGîRUýFXPXODWLYHýLQWDNHýGXULQJýDýGHILQHG
WLPHýSHULRGïýý7KHVHýVWHSVýDUHýGHVFULEHGýLQýPRUHýGHWDLOýEHORZï

)LJXUHýéðê
6HTXHQFHýRIý([SRVXUHý(YHQWVýIRUýDý6HWýRIý3RSXODWLRQý&RKRUWV

,OOXVWUDWLRQýRIýWKHý3URFHVVýE\ýZKLFKý(QYLURQPHQWDOý0HGLDý&RQFHQWUDWLRQVýIRUý0XOWLSOH
([SRVXUHý'LVWULFWVýDUHýOLQNHGýXVLQJý,QWHUPHGLDý7UDQVIHUVýWRý([SRVXUHý0HGLDýLQýDý6HWýRI
0LFURHQYLURQPHQWV
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éïëïì '(),1(ý678'<ý$5($ñý(;32685(ý',675,&76ñý$1'ý(19,5210(17$/
0(',$

$ýVWXG\ýDUHDýLVýDQýXUEDQýDQGîRUýORFDOýDUHDýIRUýZKLFKýHQYLURQPHQWDOýFRQFHQWUDWLRQVýKDYH
EHHQýDVVHPEOHGýIRUýDQýH[SRVXUHýDVVHVVPHQWïýý,WýLVýGLYLGHGýLQWRýRQHýRUýPRUHýH[SRVXUHýGLVWULFWVïýý,Q
RUGHUýWRýSHUIRUPýPXOWLPHGLDýH[SRVXUHýDVVHVVPHQWVñýFRQFHQWUDWLRQýGDWDýIURPýPXOWLSOH
HQYLURQPHQWDOýPHGLDýõLïHïñýDPELHQWýDLUñýYHJHWDWLRQñýVXUIDFHýVRLOñýURRWý]RQHýVRLOñýGHHSHUýRUýYDGRVH
]RQHýVRLOñýJURXQGýZDWHUñýVXUIDFHýZDWHUôýDUHýQHHGHGýIRUýHDFKýH[SRVXUHýGLVWULFWïýý7KHýFRQFHQWUDWLRQ
LQIRUPDWLRQýLVýJDWKHUHGýHLWKHUýIURPýDQDO\VLVýRIýDPELHQWýPRQLWRULQJýGDWDýRUýIURPýDýVLPXODWLRQ
PRGHOýVXFKýDVý75,0ï)D7(ïýý(DFKýDPELHQWýHQYLURQPHQWDOýPHGLXPýLVýFKDUDFWHUL]HGýLQýWHUPVýRI
RQHýRUýPRUHýFRPSRQHQWýSKDVHVý¤ýJDVñýZDWHUñýOLTXLGñýDQGîRUýVROLGVïýý(DFKýHQYLURQPHQWDOýPHGLXP
LVýGHVFULEHGýEHORZï

éïëïìïìýý$PELHQWý$LU

7KHýDPELHQWýõLïHïñýRXWGRRUôýDLUýLQýDQýH[SRVXUHýGLVWULFWýFDQýEHýFKDUDFWHUL]HGýLQýWHUPVýRIýLWV
JDVñýSDUWLFXODWHýPDWWHUñýDQGýZDWHUýFRPSRVLWLRQïýý,WVýYROXPHýDQGýPDVVýDUHýGHILQHGýE\ýWKHýDUHDýRI
WKHýH[SRVXUHýGLVWULFWýDQGýWKHýGHSWKýRIýWKHýORZHUýWURSRVSKHUHïýý3ROOXWDQWVýLQýDPELHQWýDLUýDUH
GLVSHUVHGýE\ýDWPRVSKHULFýDGYHFWLRQýDQGýGLIIXVLRQýDQGýDUHýLQIOXHQFHGýJUHDWO\ýE\ýPHWHRURORJLFDO
SDUDPHWHUVïýý%HFDXVHýSDUWLFOHýVL]HýLQIOXHQFHVýWKHýSDUWLFOH©VýEHKDYLRUýLQýWKHýDWPRVSKHUHýZLWK
UHVSHFWýWRýGHSRVLWLRQýDQGýVHWWOLQJýDQGýLWVýDELOLW\ýWRýSHQHWUDWHýWKHýOXQJýFDYLWLHVýDQGýDIIHFWýKXPDQ
KHDOWKñýLWýLVýLPSRUWDQWýWRýFRQVLGHUýSDUWLFXODWHýPDWWHUýRIýYDULRXVýFXWýVL]HVñýVXFKýDVý30ìíýDQGý30ëïèïý
7KHý75,0ï([SRýPRGXOHýZLOOýFRQVLGHUýRWKHUýSDUWLFOHýVL]HVñýDVýWKHýQHHGýDULVHVñýLQýWKHýIXWXUHïý,Q
DGGLWLRQñýGXULQJýSUHFLSLWDWLRQýõHïJïñýUDLQñýVQRZôýDQGýIRJýHYHQWVñýLWýLVýLPSRUWDQWýWRýFKDUDFWHUL]HýWKH
YROXPHýIUDFWLRQýRIýDLUýWKDWýLVýZDWHUïý

éïëïìïëýý9HJHWDWLRQ

9HJHWDWLRQýLVýWKHýGRPLQDQWýFRPSRQHQWýRIýWKHýWHUUHVWULDOýSODQWVýH[SRVXUHýGLVWULFWïýý
9HJHWDWLRQýJHQHUDOO\ýKDVýFRQWDFWýZLWKýWZRýRWKHUýHQYLURQPHQWDOýPHGLDñýDLUýDQGýVRLOïýý+RZHYHUñ
SODQWýLQWHUDFWLRQVýZLWKýWKHVHýPHGLDýDUHýQRWýXQGHUVWRRGýZHOOýHQRXJKýWRýGHILQHýDQýDFFXUDWHýPHWKRG
IRUýSUHGLFWLQJýSROOXWDQWýXSWDNHïýý,QýRUGHUýWRýDVVHVVýSRWHQWLDOýYHJHWDWLRQðSDWKZD\ýH[SRVXUHVñ
YHJHWDWLRQýFDQýEHýIXUWKHUýGHOLQHDWHGýLQWRýDERYHðJURXQGýYHJHWDWLRQýDQGýURRWýFURSVïýý$ERYHðJURXQG
YHJHWDWLRQýLQFOXGHVýOHDI\ýYHJHWDEOHVýõHïJïñýFDEEDJHñýFDXOLIORZHUñýEURFFROLôñýH[SRVHGýSURGXFHýõHïJïñ
DSSOHVñýEHUULHVñýFXFXPEHUñýVTXDVKôñýSURWHFWHGýSURGXFHýõHïJïñýFLWUXVýIUXLWVôñýDQGýJUDLQVýõHïJïñýZKHDWñ
FRUQñýULFHôïýý5RRWýFURSVýLQFOXGHñýIRUýH[DPSOHñýFDUURWVñýEHHWVñýOHJXPHVñýDQGýPHORQVïýý

éïëïìïêýý6XUIDFHý6RLO

6XUIDFHýVRLOýFRQVLVWVýRIýVROLGñýOLTXLGñýDQGýJDVýSKDVHVïýý6WXGLHVýRIýUDGLRDFWLYHýIDOORXWýLQ
DJULFXOWXUDOýODQGýPDQDJHPHQWýXQLWVýUHYHDOýWKDWñýLQýWKHýDEVHQFHýRIýWLOOLQJñýSDUWLFOHVýGHSRVLWHGýIURP
WKHýDWPRVSKHUHýDFFXPXODWHýLQýDQGýDUHýUHVXVSHQGHGýIURPýDýWKLQýJURXQGýRUýVXUIDFHýVRLOýOD\HUýZLWKýD
WKLFNQHVVýLQýWKHýUDQJHýíïìýWRýìýFPýõ:KLFNHUýDQGý.LUFKQHUýìäåæôïýý7KHýJURXQGðVXUIDFHðVRLOýOD\HUñ
KDVýDýORZHUýZDWHUýFRQWHQWýDQGýKLJKHUýJDVýFRQWHQWýWKDQýXQGHUO\LQJýOD\HUVïý
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éïëïìïéýý5RRWý=RQHý6RLO

5RRWý]RQHýVRLOýFRQVLVWVýRIýVROLGñýOLTXLGñýDQGýJDVýSKDVHVïýý6RLOðZDWHUýFRQWHQWýLQýWKHýURRWð
]RQHýLVýVRPHZKDWýKLJKHUýWKDQýWKDWýLQýVXUIDFHýVRLOVýEHFDXVHýWKHýSUHVHQFHýRIýFOD\ýVHUYHVýWRýUHWDLQ
ZDWHUïýý7KHýURRWVýRIýPRVWýSODQWVýDUHýFRQILQHGýZLWKLQýWKHýILUVWýPHWHUýRIýVRLOýGHSWKïýý,QýDJULFXOWXUDO
ODQGVñýWKHýGHSWKýRIýSORZLQJýLVýìèýWRýëèýFPïýý,QýDGGLWLRQñýWKHýGLIIXVLRQýGHSWKñýZKLFKýLVýWKHýGHSWK
EHORZýZKLFKýDýSROOXWDQWýLVýXQOLNHO\ýWRýHVFDSHýE\ýGLIIXVLRQñýLVýRQýWKHýRUGHUýRIýìýPýRUýOHVVýIRUýDOO
EXWýWKHýPRVWýYRODWLOHýSROOXWDQWVïýý

éïëïìïèýý9DGRVHý=RQHý6RLO

9DGRVHý]RQHýVRLOýKDVýVROLGñýOLTXLGñýDQGýJDVýSKDVHVïý7KHýVRLOýLQýWKLVýOD\HUýW\SLFDOO\ýKDVýD
ORZHUýRUJDQLFýFDUERQýFRQWHQWýDQGýDýORZHUýSRURVLW\ýWKDQýWKHýURRWý]RQHýVRLOïýý,WýLVýDVVXPHGýWKDW
SROOXWDQWVýLQýWKLVýOD\HUýZLOOýPRYHýGRZQZDUGýWRýWKHýJURXQGýZDWHUý]RQHýSULPDULO\ýE\ýFDSLOODU\
PRWLRQýRIýZDWHUýDQGýOHDFKLQJï

éïëïìïçýý*URXQGý:DWHU

*URXQGýZDWHUýLVýGHILQHGýDVýZDWHUýWKDWýFDQýEHýZLWKGUDZQýIURPýWKHýVDWXUDWHGý]RQHýEHORZ
WKHýYDGRVHý]RQHýRIýWKHýVRLOýOD\HUïýý*URXQGýZDWHUýFRQVLVWVýRIýERWKýDýOLTXLGýDQGýDýVXVSHQGHGýSDUWLFOH
SKDVHïý

éïëïìïæýý6XUIDFHý:DWHU

6XUIDFHýZDWHUýLVýFRPSRVHGýRIýWZRýSKDVHVãýSXUHýZDWHUýDQGýVXVSHQGHGýVHGLPHQWýPDWHULDOïý
7KHýVXVSHQGHGýVHGLPHQWýPDWHULDOýSKDVHýFRQWDLQVýVRUEHGýSROOXWDQWVïýý6XUIDFHýZDWHUýFRPSDUWPHQWV
DUHýDVVXPHGýWRýEHýZHOOðPL[HGýV\VWHPVýDQGýLQFOXGHýSRQGVñýODNHVñýFUHHNVñýULYHUVñýHVWXDULHVñýVHDVñ
DQGýRFHDQVïý

éïëïëýý'(),1(ý(;32685(ý0(',$ý$1'ý0,&52(19,5210(176

7KHýH[SRVXUHýDVVHVVPHQWýSURFHVVýFRQVLVWVýRIýUHODWLQJýSROOXWDQWýFRQFHQWUDWLRQVýLQýWKH
HQYLURQPHQWDOýPHGLDýõHïJïñýDPELHQWýDLUñýVXUIDFHýVRLOñýJURXQGýZDWHUôýWRýSROOXWDQWýFRQFHQWUDWLRQVýLQ
WKHýH[SRVXUHýPHGLDýZLWKýZKLFKýDýKXPDQýSRSXODWLRQýKDVýFRQWDFWýõHïJïñýSHUVRQDOýDLUñýWDSýZDWHUñ
IRRGVñýKRXVHKROGýGXVWVôïýý7KHýH[SRVXUHýPHGLDýWKDWýKDYHýEHHQýLGHQWLILHGýIRUýLQFOXVLRQýLQ
75,0ï([SRýLQFOXGHýWKHýIROORZLQJï

� 2XWGRRUýDLUâ

� ,QGRRUýDLUâ

� 7DSýZDWHUâ

� +RPHðJURZQýIRRGýõLïHïñýSURGXFHGýE\ýDQGýFRQVXPHGýE\ýDýKRXVHKROGôâ
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� /RFDOO\ðSURGXFHGýIRRGýõLïHïñýSURGXFHGýE\ýKRPHýJDUGHQVýDQGýFRPPHUFLDOýIDUPVýLQýFRQWDFW
ZLWKýDLUñýVRLOñýDQGîRUýZDWHUýLQýWKHýVWXG\ýDUHDôâ

� 3UHSDUHGýIRRGâ

� %UHDVWýPLONâ

� +RXVHýGXVWâ

� 6RLOâ

� 6ZLPPLQJýSRROVâýDQG

� 5HFUHDWLRQDOýVXUIDFHýZDWHUï

0LFURHQYLURQPHQWVýDUHýORFDWLRQVýLQýZKLFKýDýSRSXODWLRQýFRPHVýLQWRýFRQWDFWýZLWK
SROOXWDQWVïýý7KH\ýDUHýZHOOðFKDUDFWHUL]HGñýUHODWLYHO\ýKRPRJHQRXVýORFDWLRQVýZLWKýUHVSHFWýWR
SROOXWDQWýFRQFHQWUDWLRQVýIRUýDýVSHFLILHGýWLPHýSHULRGïýý7DEOHýéðìýLVýDQýLQLWLDOýOLVWýRIýWKH
PLFURHQYLURQPHQWVýWKDWýZLOOýEHýLQFOXGHGýLQý75,0ï([SRïñýRWKHUýPLFURHQYLURQPHQWVýZLOOýEHýDGGHG
GXULQJýWKHýFRXUVHýRIýPRGXOHýGHYHORSPHQWï

7DEOHýéðì
0LFURHQYLURQPHQWVýWRýEHý,QFOXGHGýLQý75,0ï([SR

0LFURHQYLURQPHQWýú
0LFURHQYLURQPHQW

*HQHUDO 6SHFLILF

ì ,QýYHKLFOH &DU

ë ,QýYHKLFOH %XV

ê ,QýYHKLFOH 7UXFN

é ,QýYHKLFOH 2WKHU

è ,QGRRUV 3XEOLFýJDUDJH

ç 2XWGRRUV 3DUNLQJýORWîJDUDJH

æ 2XWGRRUV 1HDUýURDG

å 2XWGRRUV 0RWRUF\FOH

ä ,QGRRUV 6HUYLFHýVWDWLRQ

ìí 2XWGRRUV 6HUYLFHýVWDWLRQ

ìì ,QGRRUV 5HVLGHQWLDOýJDUDJH

ìë ,QGRRUV 2WKHUýUHSDLUýVKRS

ìê ,QGRRUV 5HVLGHQFHýðýQRý&2ýVRXUFH

ìé ,QGRRUV 5HVLGHQFHýðýJDVýVWRYH

ìè ,QGRRUV 5HVLGHQFHýðýDWWDFKHGýJDUDJH



&+$37(5ýé
'(6,*1ý)5$0(:25.ý$1'ý&21&(378$/,=$7,21ý2)ý75,0ï([SR

0LFURHQYLURQPHQWýú
0LFURHQYLURQPHQW

*HQHUDO 6SHFLILF

129(0%(5ýìäää éðìé 75,0ï(;32ý76'ýõ'5$)7ô

ìç ,QGRRUV 5HVLGHQWLDOýðýVWRYHýDQG
JDUDJH

ìæ ,QGRRUV 2IILFH

ìå ,QGRRUV 6WRUH

ìä ,QGRRUV 5HVWDXUDQW

ëí ,QGRRUV 0DQXIDFWXULQJýIDFLOLW\

ëì ,QGRRUV 6FKRROý

ëë ,QGRRUV &KXUFK

ëê ,QGRRUV 6KRSSLQJýPDOO

ëé ,QGRRUV $XGLWRULXP

ëè ,QGRRUV +HDOWKýFDUHýIDFLOLW\

ëç ,QGRRUV 2WKHUýSXEOLFýEXLOGLQJ

ëæ ,QGRRUV 2WKHUýORFDWLRQ

ëå ,QGRRUV 1RWýVSHFLILHG

ëä 2XWGRRUV &RQVWUXFWLRQýVLWH

êí 2XWGRRUV 5HVLGHQWLDOýJURXQGV

êì 2XWGRRUV 6FKRROýJURXQGV

êë 2XWGRRUV 6SRUWVýDUHQD

êê 2XWGRRUV 3DUNîJROIýFRXUVH

êé 2XWGRRUV 2WKHUýORFDWLRQ

êè 2XWGRRUV 1RWýVSHFLILHG

êç ,QýYHKLFOH 7UDLQîVXEZD\

êæ ,QýYHKLFOH $LUSODQH

éïëïê '(),1(ý5(/(9$17ý,17(50(',$ý75$16)(56

$QýLQWHUPHGLDýWUDQVIHUýIDFWRUýLVýDQýDOJRULWKPýWKDWýH[SUHVVHVýWKHýWUDQVIHUýRIýDýSROOXWDQW
IURPýDQýHQYLURQPHQWDOýPHGLXPýWRýDQýH[SRVXUHýPHGLXPïýý7KHýIROORZLQJýWDEOHVýVXPPDUL]H
LQWHUPHGLDýWUDQVIHUVýZKLFKýQHHGýWRýEHýFRQVLGHUHGýLQýH[SRVXUHýPRGHOLQJïýý6RPHýRIýWKHVH
LQWHUPHGLDýWUDQVIHUVñýZKHUHýIHDVLEOHýDQGýDSSURSULDWHñýZLOOýEHýLQFOXGHGýLQý75,0ï([SRñýZKLOH
RWKHUVýPD\ýEHýDGGUHVVHGýZLWKLQýWKHý75,0ï)D7(ýPRGXOHïýý(DFKýFHOOýUHSUHVHQWLQJýDQýLQWHUDFWLRQýLV
VKDGHGñýDQGýWKHýH[SRVXUHýSDWKZD\VýõLïHïñýLQKDODWLRQñýLQJHVWLRQñýGHUPDOýFRQWDFWôýWKDWýUHVXOWVýIURP
WKHýLQWHUPHGLDýWUDQVIHUýLVýLQGLFDWHGïýý7KHýWDEOHVýEHORZýVKRZýWKHýPDWUL[ýRIýOLQNVýEHWZHHQýWKH
YDULRXVýH[SRVXUHýPHGLDýQRWHGýDERYHýDQGýDPELHQWðDLUýSKDVHVýõ7DEOHýéðëôñýDPELHQWýVRLOýPHGLD
õ7DEOHýéðêôñýDPELHQWýZDWHUýPHGLDýõ7DEOHýéðéôñýDQGýDPELHQWýYHJHWDWLRQýõ7DEOHýéðèôïý
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7DEOHýéðë
0DWUL[ýRIý/LQNVý%HWZHHQý$PELHQWð$LUý3KDVHVýDQGý9DULRXVý([SRVXUHý0HGLD

(;32685(ý0(',$

(19,5210(17$/ý0(',80ý ý$PELHQWýDLU

*DV
3KDVH

30ëïè 30ìí 3UHFLSLWDWLRQ

2XWGRRUý$LU

JDVHV ,QKDODWLRQ

30ëïè ,QKDODWLRQ

30ìí ,QKDODWLRQ

SUHFLSLWDWLRQ

,QGRRUý$LU

JDVHV ,QKDODWLRQ

30ëïè ,QKDODWLRQ

30ìí ,QKDODWLRQ

ZDWHUýYDSRU

+RXVHý'XVW

RQýIORRUV ,QJHVWLRQîGHUPDO ,QJHVWLRQîGHUPDO

RQýVXUIDFHV ,QJHVWLRQîGHUPDO ,QJHVWLRQîGHUPDO

6RLO

:DWHU

)RRG

KRPHýIUXLWV

ýýýýýýýSURWHFWHG

ýýýýýýýXQSURWHFWHG ,QJHVWLRQ ,QJHVWLRQ ,QJHVWLRQ ,QJHVWLRQ

KRPHýYHJHWDEOHV

ýýýýýýýDERYHýJURXQG ,QJHVWLRQ ,QJHVWLRQ ,QJHVWLRQ ,QJHVWLRQ

ýýýýýýýURRWýFURSV

KRPHýJUDLQV ,QJHVWLRQ ,QJHVWLRQ ,QJHVWLRQ ,QJHVWLRQ

PHDWý ,QJHVWLRQ ,QJHVWLRQ ,QJHVWLRQ

PLON ,QJHVWLRQ ,QJHVWLRQ ,QJHVWLRQ

GDLU\ýSURGXFWV ,QJHVWLRQ ,QJHVWLRQ ,QJHVWLRQ

HJJV ,QJHVWLRQ ,QJHVWLRQ ,QJHVWLRQ

EUHDVWýPLON ,QJHVWLRQ ,QJHVWLRQ ,QJHVWLRQ

SUHSDUHGýIRRGV
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7DEOHýéðê
0DWUL[ýRIý/LQNVý%HWZHHQý6RLOý0HGLDýDQGý9DULRXVý([SRVXUHý0HGLD

(;32685(ý0(',$
(19,5210(17$/ý0(',80ý ý6RLO

6XUIDFHý6RLO 5RRWý=RQHý6RLO 9DGRVHý=RQHý6RLO

2XWGRRUý$LU

JDVHV ,QKDODWLRQ ,QKDODWLRQ

30ëïè ,QKDODWLRQ

30ìí ,QKDODWLRQ

SUHFLSLWDWLRQ

,QGRRUý$LU

JDVHV ,QKDODWLRQ ,QKDODWLRQ ,QKDODWLRQ

30ëïè ,QKDODWLRQ

30ìí ,QKDODWLRQ

ZDWHUýYDSRU

+RXVHý'XVW

RQýIORRUV ,QJHVWLRQîGHUPDO

RQýVXUIDFHV ,QJHVWLRQîGHUPDO

6RLO

UHVLGHQWLDO ,QJHVWLRQîGHUPDO ,QJHVWLRQîGHUPDO

FRQVWUXFWLRQýVLWH ,QJHVWLRQîGHUPDO ,QJHVWLRQîGHUPDO

LQGXVWULDOýVLWH ,QJHVWLRQîGHUPDO

DJULFXOWXUDOýVLWH ,QJHVWLRQîGHUPDO ,QJHVWLRQîGHUPDO

UHFUHDWLRQDOýVLWH ,QJHVWLRQîGHUPDO

VFKRRO ,QJHVWLRQîGHUPDO

7DSý:DWHU

6ZLPPLQJý3RRO

6XUIDFHý:DWHUýXVHGýIRUý5HFUHDWLRQ

)RRG

KRPHýIUXLWV

ýýýýýýýSURWHFWHG ,QJHVWLRQ

ýýýýýýýXQSURWHFWHG ,QJHVWLRQ ,QJHVWLRQ

KRPHýYHJHWDEOHV

ýýýýýýýDERYHýJURXQG ,QJHVWLRQ ,QJHVWLRQ

ýýýýýýýURRWýFURSV
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KRPHýJUDLQV ,QJHVWLRQ ,QJHVWLRQ

PHDWý ,QJHVWLRQ ,QJHVWLRQ

PLON ,QJHVWLRQ ,QJHVWLRQ

GDLU\ýSURGXFWV ,QJHVWLRQ ,QJHVWLRQ

HJJV ,QJHVWLRQ ,QJHVWLRQ

EUHDVWýPLON ,QJHVWLRQ ,QJHVWLRQ

SUHSDUHGýIRRGV

7DEOHýéðé
0DWUL[ýRIý/LQNVý%HWZHHQý:DWHUý0HGLDýDQGý9DULRXVý([SRVXUHý0HGLD

(;32685(ý0(',$

(19,5210(17$/ý0(',80ý ý:DWHU

6XUIDFHý:DWHU *URXQGý:DWHU

/LTXLGý3KDVH
3DUWLFOH
3KDVH

/LTXLGý3KDVH 3DUWLFOHý3KDVH

2XWGRRUý$LU

,QGRRUý$LU

JDVHV ,QKDODWLRQ ,QKDODWLRQ

30ëïè

30ìí

ZDWHUýYDSRU ,QKDODWLRQ ,QKDODWLRQ

+RXVHý'XVW

6RLO

UHVLGHQWLDO ,QJHVWLRQîGHUPDO ,QJHVWLRQîGHUPDO

FRQVWUXFWLRQýVLWH ,QJHVWLRQîGHUPDO ,QJHVWLRQîGHUPDO

LQGXVWULDOýVLWH ,QJHVWLRQîGHUPDO ,QJHVWLRQîGHUPDO

DJULFXOWXUDOýVLWH ,QJHVWLRQîGHUPDO ,QJHVWLRQîGHUPDO

UHFUHDWLRQDOýVLWH ,QJHVWLRQîGHUPDO ,QJHVWLRQîGHUPDO

VFKRRO ,QJHVWLRQîGHUPDO ,QJHVWLRQîGHUPDO

7DSý:DWHU ,QJHVWLRQîGHUPDO ,QJHVWLRQ ,QJHVWLRQîGHUPDO ,QJHVWLRQ

6ZLPPLQJý3RRO ,QJHVWLRQîGHUPDO ,QJHVWLRQîGHUPDO

6XUIDFHý:DWHUýXVHGýIRUý5HFUHDWLRQ ,QJHVWLRQîGHUPDO ,QJHVWLRQ ,QJHVWLRQîGHUPDO ,QJHVWLRQ

)RRG
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6XUIDFHý:DWHU *URXQGý:DWHU

/LTXLGý3KDVH
3DUWLFOH
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KRPHýIUXLWV

ýýýýýýýSURWHFWHG ,QJHVWLRQ ,QJHVWLRQ

ýýýýýýýXQSURWHFWHG ,QJHVWLRQ ,QJHVWLRQ

KRPHýYHJHWDEOHV

ýýýýýýýDERYHýJURXQG ,QJHVWLRQ ,QJHVWLRQ

ýýýýýýýURRWýFURSV ,QJHVWLRQ ,QJHVWLRQ

KRPHýJUDLQV ,QJHVWLRQ ,QJHVWLRQ

PHDWý ,QJHVWLRQ ,QJHVWLRQ

PLON ,QJHVWLRQ ,QJHVWLRQ

GDLU\ýSURGXFWV ,QJHVWLRQ ,QJHVWLRQ

HJJV ,QJHVWLRQ ,QJHVWLRQ

EUHDVWýPLON ,QJHVWLRQ ,QJHVWLRQ

SUHSDUHGýIRRGV ,QJHVWLRQ ,QJHVWLRQ ,QJHVWLRQ ,QJHVWLRQ
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7DEOHýéðè
0DWUL[ýRIý/LQNVý%HWZHHQý9HJHWDWLRQýDQGý9DULRXVý([SRVXUHý0HGLD

(;32685(ý0(',$

(19,5210(17$/ý0(',80ý ý9HJHWDWLRQ

$ERYHð*URXQGý3ODQWV 5RRWý&URSV

)UXLWV 9HJHWDEOHV *UDLQV &URSV

2XWGRRUý$LU

,QGRRUý$LU

+RXVHý'XVW

6RLO

:DWHU

)RRG

KRPHýIUXLWV

ýýýýýýýSURWHFWHG ,QJHVWLRQ

ýýýýýýýXQSURWHFWHG ,QJHVWLRQ

KRPHýYHJHWDEOHV

ýýýýýýýDERYHðJURXQG ,QJHVWLRQ

ýýýýýýýURRWýFURSV ,QJHVWLRQ

KRPHýJUDLQV ,QJHVWLRQ

PHDWý ,QJHVWLRQ ,QJHVWLRQ ,QJHVWLRQ ,QJHVWLRQ

PLON ,QJHVWLRQ ,QJHVWLRQ ,QJHVWLRQ ,QJHVWLRQ

GDLU\ýSURGXFWV ,QJHVWLRQ ,QJHVWLRQ ,QJHVWLRQ ,QJHVWLRQ

HJJV ,QJHVWLRQ ,QJHVWLRQ

EUHDVWýPLON ,QJHVWLRQ ,QJHVWLRQ ,QJHVWLRQ ,QJHVWLRQ

SUHSDUHGýIRRGV ,QJHVWLRQ ,QJHVWLRQ ,QJHVWLRQ ,QJHVWLRQ

éïëïé ',9,'(ý3238/$7,21ý,172ý$335235,$7(ý6(76ý2)ý&2+2576

7KHýILUVWýVWHSýLQýVHOHFWLQJýSRSXODWLRQõVôýRIýLQWHUHVWýLVýWRýGHILQHýWKHýWRWDOýSRSXODWLRQ
DVVRFLDWHGýZLWKýDOOýRIýWKHýH[SRVXUHýGLVWULFWVïýýý7KLVýPD\ýEHýH[SDQGHGýWRýLQFRUSRUDWHýPRUHýWKDQ
UHVLGHQWVýRIýWKHýGHILQHGýH[SRVXUHýGLVWULFWVïýý)RUýH[DPSOHñýSHRSOHýZKRýGRýQRWýUHVLGHýZLWKLQýWKH
H[SRVXUHýGLVWULFWýEXWýFRQVXPHýLWVýDJULFXOWXUDOýSURGXFWVýRUýILVKýPD\ýEHýLQFOXGHGïýý2QFHýWKH
SRSXODWLRQõVôýDUHýLGHQWLILHGñýWKHýVHFRQGýVWHSýLVýWRýGHFLGHýZKHWKHUýWRýLQFOXGHýDOOýRIýWKHýSRSXODWLRQ
PHPEHUVýLQýDýUHJLRQýRUýDýVXEVHWýRIýWKHýSRSXODWLRQýRIýFRQFHUQýGXHýWRýDýGHPRJUDSKLFýIDFWRUñ
DFWLYLW\ñýRUýKHDOWKýFKDUDFWHULVWLFýõHïJïñýDVWKPDWLFVñýRXWGRRUýZRUNHUVñýSUHJQDQWýZRPHQôïýý

7KHýSRSXODWLRQýRIýLQWHUHVWýLVýWKHQýGLYLGHGýLQWRýFRKRUWVïýý,Qý75,0ï([SRñýHDFKýLQGLYLGXDOýLV
H[FOXVLYHO\ýDVVLJQHGýWRýDýVLQJOHýFRKRUWïýý&RKRUWVýDUHýGLVWLQJXLVKHGýIURPýWKHýRYHUDOOýSRSXODWLRQ
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EDVHGýRQýDWWULEXWHVýLQFOXGLQJýDJHñýJHQGHUñýKHDOWKýVWDWXVýõHïJïñýDVWKPDWLFVôñýH[SRVXUHýGLVWULFWñýDQG
KRXVLQJýW\SHVýõHïJïñýJDVýVWRYHVñý+9$&ýV\VWHPVôïýý7KHýQXPEHUýRIýFRKRUWVýVHOHFWHGýGHSHQGVýODUJHO\
RQýWKHýOHYHOýRIýUHVROXWLRQýRIýWKHýH[SRVXUHýIDFWRUýGDWDýXVHGýWRýFKDUDFWHUL]HýWKHýSRSXODWLRQýDQGýRQ
WKHýOHYHOýRIýH[SRVXUHýUHVROXWLRQýUHTXLUHGïýý7KHýW\SHýRIýSROOXWDQWVýDQGýVRXUFHVýXQGHUýFRQVLGHUDWLRQ
FDQýDIIHFWýWKHýQXPEHUýDQGýW\SHýRIýFRKRUWVýDVýZHOOï

$VýSUHYLRXVO\ýVWDWHGñýFRKRUWVýFDQýEHýGHILQHGýIRUýDýSDUWLFXODUýDSSOLFDWLRQýRUýVLWXDWLRQïýý)RU
H[DPSOHñýFRKRUWýH[SRVXUHýFDQýEHýDýIXQFWLRQýRIýGHPRJUDSKLFýJURXSñýORFDWLRQýRIýUHVLGHQFHñ
ORFDWLRQýRIýZRUNýSODFHñýDQGýW\SHýRIýKRPHýYHQWLODWLRQýV\VWHPïýý&RKRUWýH[SRVXUHýFDQýEHýOLQNHGýWR
DPELHQWýSROOXWDQWýFRQFHQWUDWLRQVýLQýPXOWLSOHýGLVWULFWVýõHïJïñýKRPHýDQGýZRUNýGLVWULFWôïýý6SHFLI\LQJ
WKHýGHPRJUDSKLFýJURXSýDOORZVýFRKRUWýH[SRVXUHýWRýEHýOLQNHGýWRýDFWLYLW\ýSDWWHUQVýWKDWýYDU\ýZLWK
DJHñýZRUNýVWDWXVñýDQGýRWKHUýGHPRJUDSKLFýYDULDEOHVïýý,QýVRPHýDQDO\VHVñýFRKRUWVýDUHýIXUWKHU
GLVWLQJXLVKHGýDFFRUGLQJýWRýWLPHýVSHQWýLQýSDUWLFXODUýPLFURHQYLURQPHQWVïýý)RUýH[DPSOHñýLQýVWXGLHV
RIýR]RQHýH[SRVXUHVñýDGGLWLRQDOýFRKRUWVýZHUHýFUHDWHGýWRýDFFRXQWýIRUýFKLOGUHQýZKRýVSHQWýVLJQLILFDQW
DPRXQWVýRIýWLPHýRXWGRRUVýDQGýDOVRýIRUýDGXOWVýZKRýZRUNHGýRXWGRRUVïýý7KHVHýFRKRUWýGHVLJQDWLRQV
KHOSHGýDQDO\VWVýHVWLPDWHýH[SRVXUHVýIRUýVXEJURXSVýLQýWKHýSRSXODWLRQýZLWKýWKHýJUHDWHVWýSRWHQWLDOýIRU
KLJKHUýH[SRVXUHVï

éïëïè '(9(/23ý$1ý(;32685(ð(9(17ý6(48(1&(ý)25ý($&+ý&2+257

2QFHýDýVHWýRIýFRKRUWVýKDVýEHHQýVHOHFWHGñýDýVHTXHQFHýRIýH[SRVXUHýHYHQWVýLVýGHILQHGýIRUýHDFK
FRKRUWïýý$QýH[SRVXUHðHYHQWýVHTXHQFHýLVýDýFKURQRORJLFDOýVHWýRIýHYHQWVýWKDWýGHILQHýWKHýDFWLYLW\îWLPH
DOORFDWLRQýRIýHDFKýFRKRUWïýý$QýH[SRVXUHðHYHQWýVHTXHQFHýGHILQHVýDýFRKRUWýE\ýõìôýH[SRVXUHýGLVWULFWñ
õëôýPLFURHQYLURQPHQWñýDQGýõêôýDFWLYLW\ýDWýHDFKýWLPHýVWHSýRIýDýFDOFXODWLRQïýý,PSOLFLWýLQýWKH
GHILQLWLRQýRIýDFWLYLWLHVýIRUýWKHýH[SRVXUHðHYHQWýVHTXHQFHýLVýLQIRUPDWLRQýDERXWýWKHýWLPHýRIý\HDUýRU
VHDVRQñýWKURXJKýWKHýVHOHFWLRQýRIýDFWLYLW\ýSDWWHUQVýEDVHGýRQýWKHýRXWGRRUýDLUýWHPSHUDWXUHýWKDW
FRLQFLGHGýZLWKýWKHýFROOHFWLRQýRIýWKHýDFWLYLW\ýSDWWHUQýGDWDïýý7KHýIROORZLQJýH[DPSOHýLQý7DEOHýéðç
VKRZVýVLPSOHýHLJKWðKRXUýH[SRVXUHðHYHQWýVHTXHQFHïý%HFDXVHýDQýH[SRVXUHðHYHQWýVHTXHQFHýLV
GHYHORSHGýIURPýDQýLQGLYLGXDO©VýDFWLYLW\ýSDWWHUQýGDWDýXVHGýWRýUHSUHVHQWýWKHýFRKRUWñýFRQFHQWUDWLRQV
LQýHDFKýRIýWKHýPLFURHQYLURQPHQWVýDUHýWKHýVDPHýIRUýHDFKýPHPEHUýRIýWKHýFRKRUWïýý0XOWLSOHýUXQVýRI
WKHýPRGHOýUHVXOWVýLQýYDULDWLRQýRIýWKHýDFWLYLW\ýSDWWHUQVýIRUýDýJLYHQýFRKRUWï
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7DEOHýéðç
6DPSOHý(LJKWð+RXUý([SRVXUHð(YHQWý6HTXHQFH

7LPHãýýýýíçãííýýýýýýýýýýíæãííýýýýýýýýýýíåãííýýýýýýýýýýýíäãííýýýýýýýýýýìíãííýýýýýýýýýýýììãííýýýýýýýýýýìëãíí

([SRVXUHý'LVWULFW

=RQHýì =RQHýë

0LFURHQYLURQPHQW

,QGRRUVýDWýKRPH ,QVLGHýD
YHKLFOH

,QGRRUVýDWýZRUN

$FWLYLW\

6OHHSLQJ 'UHVVLQJñ
HDWLQJ

&RPPð
XWLQJ

:RUNLQJýDWýGHVN (DWLQJ
OXQFK

éïëïç '(7(50,1(ý(;32685(ý0(',$ý&21&(175$7,216ý$1'ý&217$&7ý,1
($&+ý0,&52(19,5210(17

2QFHýDýVHTXHQFHýRIýH[SRVXUHýHYHQWVýLVýHVWDEOLVKHGñýWKHýH[SRVXUHýPHGLXPýFRQFHQWUDWLRQ
DQGýWKHýUDWHýRIýFRQWDFWýEHWZHHQýWKHýFRKRUWýDQGýWKHýH[SRVXUHýPHGLXPýLQýWKHýYDULRXV
PLFURHQYLURQPHQWVýPXVWýEHýHVWLPDWHGïýý7KHýURXWHýRIýFRQWDFWîLQWDNHýFDQýJUHDWO\ýLQIOXHQFHýWKH
DIIHFWHGýSRSXODWLRQVýRUýWKHýSRSXODWLRQVýRIýLQWHUHVWýWKDWýDUHýVWXGLHGýLQýDQýH[SRVXUHýDVVHVVPHQWïý
)RUýH[DPSOHñýKDQGðWRðPRXWKýFRQWDFWVýDUHýPRUHýLPSRUWDQWýIRUýDýSRSXODWLRQýRIýFKLOGUHQýWKDQýIRUýD
SRSXODWLRQýRIýDGXOWVïýý7KLVýLQIRUPDWLRQýLVýWKHQýXVHGýWRýHVWDEOLVKýDQýH[SRVXUHýFRQFHQWUDWLRQ
SURILOHñýDýFXPXODWLYHýLQWDNHñýRUýDQýDYHUDJHýH[SRVXUHýPHGLXPýFRQFHQWUDWLRQýRYHUýDýGHILQHG
DYHUDJLQJýWLPHï

éïëïæ (67,0$7(ý$1ý,17$.(ý5$7(ý)25ý($&+ý'26(ý(9(17

)RUýHDFKýH[SRVXUHýHYHQWýLQýWKHýH[SRVXUHðHYHQWýVHTXHQFHñý75,0ï([SRýHVWLPDWHVýWKHýLQWDNH
UDWHýRIýWKHýSROOXWDQWýIRUýDOOýUHOHYDQWýURXWHVýRIýH[SRVXUHïýý,QLWLDOO\ñý75,0ï([SRýZLOOýSURYLGH
HVWLPDWHVýIRUýLQKDODWLRQýDQGýLQJHVWLRQýRQO\ïýý7RýHVWLPDWHýWKHýLQWDNHýUDWHýRIýDýSROOXWDQWýYLD
LQKDODWLRQñý75,0ï([SRýGHILQHVýHDFKýH[SRVXUHýZLWKýDýSROOXWDQWýFRQFHQWUDWLRQýDQGýDýYHQWLODWLRQ
UDWHýLQGLFDWRUïýý7KHýDSSOLHGýGRVHýLVýDýIXQFWLRQýRIýWKHýSROOXWDQWýFRQFHQWUDWLRQýLQýFRQWDFWýZLWKýWKH
LQGLYLGXDOýRUýFRKRUWñýWKHýDFWLYLWLHVýWKDWýWKHýLQGLYLGXDOýRUýFRKRUWýDUHýHQJDJHGýLQýWKDWýDIIHFWV
EUHDWKLQJýUDWHñýDQGýWKHýYHQWLODWLRQýUDWHýYDOXHýWKDWýLVýDVVLJQHGýWRýWKHýH[SRVXUHýHYHQWïýý6HFWLRQýèïìïè
GHVFULEHVýLQýGHWDLOýKRZýSROOXWDQWýFRQFHQWUDWLRQVýDQGýWKHýYHQWLODWLRQýUDWHýDVVRFLDWHGýZLWKýHDFK
H[SRVXUHýHYHQWýZLOOýEHýHVWLPDWHGï

)RUýLQJHVWLRQñý75,0ï([SRýHVWLPDWHVýWKHýDYHUDJHýGDLO\ýSRWHQWLDOýGRVHýõ$''ôýIRUýPDQ\
GLIIHUHQWýLQJHVWLRQýSDWKZD\VýDQGýPHGLDýRIýH[SRVXUHïýý7KHý$''ýUHSUHVHQWVýWKHýDPRXQWýRIý
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SROOXWDQWýWKDWýHQWHUVýWKHýPRXWKýRIýWKHýH[SRVHGýLQGLYLGXDOýRUýFRKRUWýRYHUýDýGHILQHGýH[SRVXUHýHYHQW
IRUýDýGHILQHGýH[SRVXUHýGXUDWLRQïýý'DWDýDUHýSURYLGHGýRQýWKHýUDWHýRIýLQJHVWLRQýRIýWKHýH[SRVXUH
PHGLXPýõHïJïñýZDWHUñýVRLOñýIRRGôýGXULQJýDQýH[SRVXUHýHYHQWýDQGýDUHýXVHGýWRýFDOFXODWHýWKHý$''ïý
6HFWLRQýçïìýSURYLGHVýDýVXPPDU\ýRIýWKHýJHQHUDOýDSSURDFKýXVHGýWRýFKDUDFWHUL]HýWKHý$''ýIRUýDQ
H[SRVXUHýPHGLXPïýý6XEVHTXHQWýVHFWLRQVýLQý&KDSWHUýçýSURYLGHýGHWDLOVýRQýKRZýWKHýDOJRULWKP
DSSOLHVýWRýVSHFLILFýH[SRVXUHýPHGLDï

éïëïå (;75$32/$7(ý7+(ý&2+257ý(;32685(6ý72ý7+(ý3238/$7,216ý2)
,17(5(67

$IWHUýWKHýH[SRVXUHVýWRýWKHýFRKRUWVýKDYHýEHHQýFDOFXODWHGñýWKH\ýDUHýH[WUDSRODWHGýWRýWKH
SRSXODWLRQýDWýULVNýE\ýHVWLPDWLQJýWKHýSRSXODWLRQýVL]HýIRUýHDFKýFRKRUWïýý3RSXODWLRQýHVWLPDWHV
DVVLJQHGýWRýHDFKýFRKRUWýDUHýFDOFXODWHGýIRUýERWKýFRPPXWLQJýõLïHïýWRýZRUNñýWRýVFKRROôýDQGýQRQð
FRPPXWLQJýFRKRUWVïýý7KHýILUVWýVWHSýLVýWRýFDOFXODWHýWKHýSRSXODWLRQýRIýHDFKýGHPRJUDSKLFýJURXSýWKDW
UHVLGHVýLQýDýSDUWLFXODUýKRPHýGLVWULFWýWKURXJKýGDWDýDYDLODEOHýIURPýWKHý%XUHDXýRIýWKHý&HQVXVïýý7KLV
LQIRUPDWLRQýSURYLGHVýWKHýSRSXODWLRQýRIýDOOýQRQðFRPPXWLQJýFRKRUWVýE\ýKRPHýGLVWULFWï

7KHýSRSXODWLRQýRIýQRQðFRPPXWLQJýFRKRUWVýFDQýEHýIXUWKHUýGLYLGHGýWRýDFFRXQWýIRUýD
SDUWLFXODUýDWWULEXWHýVKDUHGýE\ýWKHýFRKRUWVïýý7KHýDWWULEXWHýVKRXOGýEHýRQHýIRUýZKLFKýGDWDýDERXWýWKH
VL]HýRIýWKHýSRSXODWLRQýFDQýEHýREWDLQHGïýý7KHýSRSXODWLRQýVL]HýRIýHDFKýGHPRJUDSKLFýJURXSýOLVWHGýDV
KDYLQJýDWWULEXWHýEýLVýFDOFXODWHGýWKURXJKýWKHýIROORZLQJýHTXDWLRQã

SRSõGJñFDñEôý ýIýõFDñEôýÓýSRSõGJñFDô õéðììô

ZKHUHã
SRSõGJñFDñEô  7KHýSRSXODWLRQýRIýGHPRJUDSKLFýJURXSýGýLQýFHQVXVýDUHDìýFDýKDYLQJ

7KHýDWWULEXWHýRIýLQWHUHVWýEïý
ýIõFDñEô  )UDFWLRQýRIýSHRSOHýLQýFHQVXVýDUHDýFDýWKDWýKDYHýDWWULEXWHýEï

ý
ýSRSõGJñFDô  7RWDOýQXPEHUýRIýSHRSOHýLQýGHPRJUDSKLFýJURXSýGýWKDWýUHVLGHýLQ

FHQVXVýDUHDýFDïýý

7KHýYDOXHVýRIýSRSõGJñFDñEôýDUHýVXPPHGýRYHUýHDFKýKRPHýGLVWULFWýWRý\LHOGýHVWLPDWHVýRIýSRSõGJñKñEôñ
WKHýQXPEHUýRIýSHRSOHýLQýGHPRJUDSKLFýJURXSýGJýZLWKLQýKRPHýGLVWULFWýKýWKDWýVKDUHýDWWULEXWHýEïýý$Q\
QXPEHUýRIýDWWULEXWHVýFDQýEHýXVHGýWRýFDOFXODWHýSRSõGJñKñEôýLIýFHQVXVýDUHDýGDWDýDUHýDYDLODEOHï

7KHýYDOXHýRIýSRSõGJñKñEôýSURYLGHVýDQýHVWLPDWHýRIýWKHýSRSXODWLRQýLQýHDFKýQRQðFRPPXWLQJ
FRKRUWýDVVRFLDWHGýZLWKýGHPRJUDSKLFýJURXSýGJýUHVLGLQJýLQýKRPHýGLVWULFWýKýWKDWýVKDUHVýWKHýDWWULEXWH
RIýLQWHUHVWýEïýý1H[WñýWKHýSRSXODWLRQVýRIýWKHýFRPPXWLQJýFRKRUWVýLQýGHPRJUDSKLFýJURXSýGJýZKR
VKDUHýDWWULEXWHýEýDUHýFDOFXODWHGýXVLQJýWKHýIUDFWLRQýRIýDOOýFRPPXWHUVýUHVLGLQJýLQýKRPHýGLVWULFWýK
ZKRýWUDYHOýWRýFRPPXWHýGLVWULFWýZýõLQFOXGLQJýFKLOGUHQýZKRýFRPPXWHýWRýVFKRROôýXVLQJý(TXDWLRQýéð
ìëã
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FRPõGJñKñZñEôý ýSRSõGJñKñEôýÓýFRPõKñZôýîýFRPõKô õéðìëô

ZKHUHã
FRPõGJñKñZñEô  QXPEHUýRIýSHRSOHýLQýDýFRPPXWLQJýFRKRUWýDVVRFLDWHGýZLWKýGHPRJUDSKLF

JURXSýGJýLQýKRPHýGLVWULFWýKýDQGýFRPPXWHýGLVWULFWýZýKDYLQJýDWWULEXWHýEï
FRPõKñZô  QXPEHUýRIýFRPPXWHUVýLQýDOOýGHPRJUDSKLFýJURXSVýWKDWýWUDYHOýIURPýKRPH

GLVWULFWýKýWRýFRPPXWHýGLVWULFWýZï
FRPõKô  WRWDOýQXPEHUýRIýFRPPXWHUVýLQýKRPHýGLVWULFWýKï

(VWLPDWHVýRIýFRPõKôýFDQýEHýREWDLQHGýIURPýFHQVXVýGDWDýVSHFLILFýWRýHDFKýGLVWULFWï

%\ýGHILQLQJýFRKRUWVýDFFRUGLQJýWRýDWWULEXWHVýWKDWýDUHýLPSRUWDQWýWRýVSHFLILFýDSSOLFDWLRQVýRU
VLWXDWLRQVñý75,0ï([SRýLVýDEOHýWRýH[WUDSRODWHýWKHýFRKRUWýH[SRVXUHVýWRýWKHýJHQHUDOýSRSXODWLRQýZKLOH
VWLOOýUHWDLQLQJýLQIRUPDWLRQýDERXWýWKHýLQFLGHQFHýRIýH[SRVXUHýWRýWKHýVSHFLILFýVXEVHWýRIýWKHýSRSXODWLRQ
XQGHUýVWXG\ïýý)RUýH[DPSOHñýVXSSRVHýWKDWýWKHýSRSXODWLRQýRIýLQWHUHVWýZDVýLQGLYLGXDOVñýDJHVýìåýWRýééñ
ZKRýH[SHULHQFHýDVWKPDïýý)RUýDýSDUWLFXODUýVWXG\ýDUHDñýLQIRUPDWLRQýIRUýERWKýRIýWKHVHýDWWULEXWHVýLV
DYDLODEOHïýý&HQVXVýGDWDýFRQWDLQVýWKHýEUHDNGRZQýRIýDJHýLQIRUPDWLRQýE\ýORFDWLRQñýZKLOHýLQIRUPDWLRQ
RQýWKHýLQFLGHQFHýRIýDVWKPDýLVýDYDLODEOHýIURPýYDULRXVýVRXUFHVñýLQFOXGLQJýWKHý1DWLRQDOý&HQWHUýIRU
+HDOWKý6WDWLVWLFVýDQGýVWDWHýDQGýORFDOýKHDOWKýDJHQFLHVïýý,QýWKLVýFDVHñýWKHý75,0ï([SRýDQDO\VLVýZRXOG
EHýDUUDQJHGýWRýFDSWXUHýWKHýGHPRJUDSKLFýFKDUDFWHUL]DWLRQýRIýWKLVýVXEVHWýRIýWKHýSRSXODWLRQýE\
VHOHFWLQJýDýGHPRJUDSKLFýJURXSýWKDWýLQFOXGHVýLQGLYLGXDOVýIURPýìåýWRýééý\HDUVýRIýDJHïý7KHýIUDFWLRQ
RIýWKHýGHPRJUDSKLFýJURXSýZLWKýDVWKPDýFDQýEHýGHWHUPLQHGýIURPýKHDOWKýGDWDïýý:KHQýFRPELQHGñ
WKLVýLQIRUPDWLRQýSURYLGHVýDQýHVWLPDWHýRIýWKHýH[SRVXUHVýWRýWKLVýVSHFLILFýVHJPHQWýRIýWKHýSRSXODWLRQ
IRUýHDFKýH[SRVXUHýGLVWULFWñýDVVXPLQJýWKDWýDFWLYLW\ýSDWWHUQVýIRUýDVWKPDWLFVýGRýQRWýGLIIHU
VLJQLILFDQWO\ýIURPýWKRVHýRIýWKHýRWKHUýPHPEHUVýRIýWKHýGHPRJUDSKLFýJURXSïýý2QFHýWKHýH[SRVXUHVýRI
WKLVýVHQVLWLYHýVXESRSXODWLRQýDUHýNQRZQýIRUýHDFKýH[SRVXUHýGLVWULFWñýWKHýH[SRVXUHVýFDQýEHýUHDGLO\
H[WHQGHGýWRýHQFRPSDVVýWKHýHQWLUHýVWXG\ýDUHDýXQGHUýLQYHVWLJDWLRQï

,QýWKHýVLPSOHýH[DPSOHýJLYHQýDERYHñýWKHýIUDFWLRQýRIýWKHýWRWDOýSRSXODWLRQýZLWKýWKHýVSHFLILHG
DWWULEXWHýLQýDýSDUWLFXODUýH[SRVXUHýGLVWULFWýFDQýEHýTXLWHýGLIIHUHQWýIURPýWKHýIUDFWLRQýRIýDOOýSHRSOHýLQ
WKHýVWXG\ýDUHDýFRQWDLQHGýZLWKLQýWKDWýH[SRVXUHýGLVWULFWïýý&RQVLGHUñýIRUýH[DPSOHñý)LJXUHýéðéýZKLFK
SUHVHQWVýDýK\SRWKHWLFDOýLOOXVWUDWLRQýRIýWKHýH[DPSOHýDERYHïýý,QýWKLVýILJXUHñýHDFKýFLUFOHýUHSUHVHQWVýDQ
H[SRVXUHýGLVWULFWïýý7KHýVWXG\ýDUHDýIRUýWKLVýH[DPSOHýLVýWKHýVXPýRIýWKHýWKUHHýH[SRVXUHýGLVWULFWVïýý7KH
WRWDOýSRSXODWLRQýRIýWKLVýK\SRWKHWLFDOýVWXG\ýDUHDýLVýìííñíííýSHRSOHïýý7KHýIUDFWLRQýDQGýQXPEHUýRI
WKHýWRWDOýVWXG\ýDUHDýSRSXODWLRQýUHVLGLQJýLQýHDFKýH[SRVXUHýGLVWULFWýLVýLQGLFDWHGýLQýWKHýWRSýKDOIýRI
HDFKýFLUFOHïýý7KHýIUDFWLRQýDQGýQXPEHUýRIýWKHýìåýWRýééý\HDUýROGVýLQýWKHýVWXG\ýDUHDýSRSXODWLRQýZLWK
DVWKPDýLQýHDFKýH[SRVXUHýGLVWULFWýLVýLQGLFDWHGýLQýWKHýERWWRPýKDOIýRIýHDFKýFLUFOHïýý$VýFDQýEHýVHHQýLQ
WKLVýH[DPSOHñýH[SRVXUHýGLVWULFWýúêñýZKLFKýLQFOXGHVýèíýSHUFHQWýRIýWKHýWRWDOýSRSXODWLRQýRIýWKHýVWXG\
DUHDñýFRQWDLQVýëñèííýSHRSOHýDJHýìåýWRýééýZLWKýDVWKPDñýRQO\ýëïèýSHUFHQWýRIýWKHýWRWDOýVWXG\ýDUHD
SRSXODWLRQýõLïHïñýDOOýWKUHHýH[SRVXUHýGLVWULFWVýFRPELQHGôïýý+RZHYHUñýH[SRVXUHýGLVWULFWýúëñýZKLFK
LQFOXGHVýRQO\ýëíýSHUFHQWýRIýWKHýWRWDOýSRSXODWLRQýRIýWKHýVWXG\ýDUHDñýDFFRXQWVýIRUýæýSHUFHQWýõæñíííô
RIýWKHýFDVHVýRIýDVWKPDýLQýWKHýìåýWRýééý\HDUðROGVýLQýWKHýVWXG\ýDUHDïýý)LQDOO\ñýH[SRVXUHýGLVWULFWýúìñ
ZKLFKýKDVýRQHðWKLUGýRIýWKHýVWXG\ýDUHD©VýWRWDOýSRSXODWLRQñýKDVýìåñíííýFDVHVýRIýDVWKPDýLQýSHRSOHýRI
DJHýìåýWRýééñýìåýSHUFHQWýRIýWKHýWRWDOýVWXG\ýDUHDýSRSXODWLRQï
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)LJXUHýéðé
+\SRWKHWLFDOý6SDWLDOý'LVWULEXWLRQýRIýWKHý,QFLGHQFHýRIý$VWKPD

3HUFHQWýDQGýQXPEHUýRIýWRWDOýVWXG\
ýDUHDýSRSXODWLRQýõDOOýDJHVôý

WKDWýUHVLGHýLQýWKLVýH[SRVXUHýGLVWULFW

3HUFHQWýDQGýQXPEHUýRIýWKHýSRSXODWLRQý
õìåðééý\HDUVôýWKDWýUHVLGHýLQýWKLVý

H[SRVXUHýGLVWULFWýDQGýKDYHýDVWKPD

3HUFHQWDJHýRIýWKHýWRWDOýVWXG\ý
DUHDýSRSXODWLRQýõìåðééý\HDUVôý

WKDWýKDVýDVWKPD

6&(1$5,2ã
6WXG\ýDUHDýSRSXODWLRQýõDOOýDJHVôý ýìííñííí
6WXG\ýDUHDýSRSXODWLRQýõìåðééý\HDUVôýWKDWýKDVýDVWKPDý ýëæñèííýõëæïèýSHUFHQWô

([SRVXUHý'LVWULFWýì ([SRVXUHý'LVWULFWýë ([SRVXUHý'LVWULFWýê
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7KHýH[DPSOHýDERYHýLOOXVWUDWHVýWKDWýWKHýVSDWLDOýGLVWULEXWLRQýRIýDýGHPRJUDSKLFýYDULDEOHñýVXFK
DVýWKHýLQFLGHQFHýRIýDýSDUWLFXODUýGLVHDVHñýLVýQRWýQHFHVVDULO\ýWKHýVDPHýDVýWKHýVSDWLDOýGLVWULEXWLRQýRI
WKHýJHQHUDOýSRSXODWLRQïýý7KHýLOOXVWUDWLRQýDOVRýSRLQWVýRXWýWKDWýFRQGXFWLQJýH[SRVXUHýDQDO\VHVýRQýD
VPDOOHUýVSDWLDOýVFDOHýLVýOLNHO\ýWRýOHDGýWRýPRUHýDFFXUDWHýUHVXOWVïýý7KLVýLVýSDUWLFXODUO\ýWUXHýZKHQ
LQYHVWLJDWLQJýH[SRVXUHVýUHODWHGýWRýIDFWRUVýWKDWýKDYHýDýKLJKýGHJUHHýRIýYDULDELOLW\ýRYHUýVPDOO
GLVWDQFHVïýý'LIIHUHQWýH[SRVXUHýHVWLPDWHVýIRUýWKHýVHQVLWLYHýVXESRSXODWLRQýRIýLQGLYLGXDOVýVXIIHULQJ
IURPýDVWKPDýZRXOGýKDYHýEHHQýREWDLQHGýLIýWKHýH[SRVXUHVýRIýWKHýHQWLUHýSRSXODWLRQýZHUHýFDOFXODWHG
DQGýWKHQýDGMXVWHGýIRUýWKHýLQFLGHQFHýRIýDVWKPDýEDVHGýRQýWKHýSHUFHQWDJHýRIýUHSRUWHGýFDVHVýIRUýWKH
VWXG\ýDUHDýDVýDýZKROHýZLWKRXWýUHJDUGýIRUýWKHýVSDWLDOýYDULDWLRQýRIýWKLVýGLVHDVHï

éïëïä )81&7,21$/ý$775,%87(6

7KHý75,0ï([SRýPRGXOHýZLOOýLQFOXGHýLPSRUWDQWýDWWULEXWHVýWKDWýDUHýQHHGHGýE\ýDQDO\VWVýDQG
GHFLVLRQðPDNHUVýWRýLQYHVWLJDWHýWKHýFRPSOH[ýQDWXUHýRIýPXOWLSROOXWDQWýDQGýPXOWLSDWKZD\ýKXPDQ
H[SRVXUHVýWRýKD]DUGRXVýDQGýFULWHULDýDLUýSROOXWDQWVýLQýWKHýHQYLURQPHQWïýý7KLVýVHFWLRQýEULHIO\
GHVFULEHVýPDQ\ýRIýWKHýIXQFWLRQDOýDWWULEXWHVýWKDWýZLOOýEHýLQFOXGHGýLQý75,0ï([SRïýý7KHýDWWULEXWHV
IDOOýLQWRýWZRýPDMRUýFDWHJRULHVãýõìôýLPSRUWDQWýFRQVLGHUDWLRQVýUHODWHGýWRýWKHýVFLHQWLILFýGHIHQVLELOLW\
RIýWKHýH[SRVXUHýHVWLPDWHVñýDQGýõëôýGHVLJQýIHDWXUHVýRIý75,0ï([SRýWKDWýKHOSýHQVXUHýWKHýQHHGHG
IOH[LELOLW\ýDQGýHDVHýRIýXVHýRIýWKHýPRGHOLQJýV\VWHPï

éïëïäïìýý,QFOXVLRQýRIý,QGRRUýDQGý2XWGRRUý(QYLURQPHQWVýDQGý7KHLUý(PLVVLRQý6RXUFHV

5HFHQWýVWXGLHVýKDYHýVKRZQýWKHýLPSRUWDQFHýRIýLQFOXGLQJýERWKýLQGRRUýDQGýRXWGRRU
HQYLURQPHQWVýZKHQýDVVHVVLQJýKXPDQýH[SRVXUHVýWRýWR[LFýSROOXWDQWVýõ2]ND\QDNýHWýDOïýìääçñý8ï6ï
(3$ýìäåæñý:DOODFHýHWýDOïýìäåèñý:DOODFHýHWýDOïýìääìôïýý7KHVHýVWXGLHVýFDOOHGýWKHý7RWDOý([SRVXUH
$VVHVVPHQWý0HWKRGRORJ\ýõ7($0ôýDQGý3DUWLFOHý7RWDOý([SRVXUHý$VVHVVPHQWý0HWKRGRORJ\
õ37($0ôýVWXGLHVñýDQGýRWKHUýLQGRRUîRXWGRRUýVWXGLHVýWKDWýKDYHýVXFFHHGHGýWKHPñýUHSRUWHGýWKDW
LQGRRUýFRQFHQWUDWLRQVýRIýPDQ\ýWR[LFýDLUýFRQWDPLQDQWVýZHUHýRIWHQýJUHDWHUýWKDQýFRQFXUUHQWýRXWGRRU
FRQFHQWUDWLRQVïýý2WKHUýVWXGLHVýKDYHýUHSRUWHGýWKDWýPRVWýSHRSOHýLQýWKHý8ï6ïýFDQýVSHQGýDVýPXFKýDV
äíýSHUFHQWýRIýWKHLUýWLPHýLQGRRUVýRUýLQVLGHýPRWRUýYHKLFOHVýõ-HQNLQVýHWýDOïýìääëñý8ï6ïý(3$ýìääçDôïý
&RQYHUVHO\ñýH[SRVXUHVýWRýWKHý1$$46ýSROOXWDQWVýõHïJïñýR]RQHñýVXOIXUýGLR[LGHôýDUHýGRPLQDWHGýE\
RXWGRRUýOHYHOVýRUýE\ýDPELHQWýDLUýWKDWýLQILOWUDWHVýWRýLQGRRUýHQYLURQPHQWVïýý7KHUHIRUHñýLWýLVýYLWDOýWKDW
DýIUDPHZRUNýIRUýDVVHVVLQJýWKHýWRWDOýKXPDQýH[SRVXUHýWRýSROOXWDQWVýLQFOXGHýWKHýLQGRRUñýLQýYHKLFOHñ
DQGýRXWGRRUýHQYLURQPHQWVï

$QýLPSRUWDQWýPLFURHQYLURQPHQWýIRUýH[SRVXUHýWRýPXOWLSOHýDLUERUQHýSROOXWDQWVýLVýLQVLGHýD
SDVVHQJHUýYHKLFOHïýý7KLVýPLFURHQYLURQPHQWýLVýWUHDWHGýVLPLODUO\ýDVýWKHýLQGRRUýHQYLURQPHQWñ
DOWKRXJKýDýVLJQLILFDQWýIUDFWLRQýRIýWKHýFRQFHQWUDWLRQýIRXQGýLQGRRUVýPD\ýFRPHýIURPýSHQHWUDWLRQýRI
DPELHQWýDLUïýý1HYHUWKHOHVVñýH[SRVXUHVýWRýPDQ\ýSROOXWDQWVýZLWKLQýDýPRYLQJýYHKLFOHýKDYHýEHHQ
UHSRUWHGýWRýEHýKLJKHUýWKDQýHLWKHUýURDGVLGHýRUýDPELHQWýõLïHïñýDZD\ýIURPýDýURDGôýH[SRVXUHVýõ&$5%
ìääåEôïýý/DZU\NýHWýDOïýõìääèôýUHSRUWHGýWKDWýFRPPXWLQJýFDQýDFFRXQWýIRUýDýVXEVWDQWLDOýDPRXQWýRIýD
SHUVRQ©VýGDLO\ýH[SRVXUHýWRýVHOHFWýWR[LFýSROOXWDQWVïýý)XUWKHUPRUHñýERWKýVWXGLHVýUHSRUWHGýWKDWýPDQ\
IDFWRUVýFDQýDIIHFWýWKHýOHYHOVýRIýSROOXWDQWVýLQVLGHýDýYHKLFOHñýLQFOXGLQJýWKHýJHQHUDOýFRQGLWLRQýDQG
PDLQWHQDQFHýRIýWKHýYHKLFOHñýWKHýYHKLFOH©VýDJHñýWKHýGHQVLW\ýRIýWKHýVXUURXQGLQJýWUDIILFñýDQGýWKH
UHVXOWLQJýHIIHFWýWKHVHýIDFWRUVýKDYHýRQýWKHýVSHHGýRIýWKHýYHKLFOHï
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%HVLGHVýWUDYHOLQJýLQýDýYHKLFOHñýRWKHUýDFWLYLWLHVýWKDWýFDQýKDYHýDýVLJQLILFDQWýLPSDFWýRQ
H[SRVXUHVýDUHýFRRNLQJýDQGýVPRNLQJïýý,QFUHDVHGýFRQFHQWUDWLRQVýLQýFORVHýSUR[LPLW\ýWRýJDVýVWRYHV
KDYHýEHHQýUHSRUWHGýIRUý12ëýõ6HJDýDQGý)XJDVýìääìôñý&2ýõ8ï6ïý(3$ýìäåéôñýDQGý30ëïèýDQGý30ìí

õ2]ND\QDNýHWýDOïýìääçôïýý7KHýFRQFHQWUDWLRQVýRIýRWKHUýSROOXWDQWVýSURGXFHGýWKURXJKýLQFRPSOHWH
FRPEXVWLRQýKDYHýDOVRýEHHQýIRXQGýWRýEHýKLJKHUýFORVHýWRýDýFRRNLQJýDSSOLDQFHïýý2]ND\QDNýHWýDOï
õìääçôýDOVRýUHSRUWHGýWKDWýVPRNLQJýZDVýDýVLJQLILFDQWýVRXUFHýRIýSDUWLFOHVýLQýKRPHVýLQýWKHý37($0
VWXG\ïýý7KH\ýIRXQGýWKDWýKRPHVýZKHUHýVPRNLQJýZDVýUHSRUWHGýDYHUDJHGýDSSUR[LPDWHO\ýêíý)JîPê

KLJKHUýOHYHOVýRIý30ìíýWKDQýKRPHVýZLWKRXWýVPRNLQJïýý1XPHURXVýRWKHUýH[SRVXUHýVWXGLHVýKDYH
UHSRUWHGýKLJKHUýFRQFHQWUDWLRQVýRIý&2ñýSDUWLFOHVñýDQGýWR[LFýSROOXWDQWVýLQýLQGRRUýHQYLURQPHQWV
õSDUWLFXODUO\ýWKHýKRPHôýZLWKýHQYLURQPHQWDOýWREDFFRýVPRNHýõ(76ôýõ'DLVH\ýHWýDOïýìääåñý-HQNLQVýHW
DOïýìääçñý0LOOHUýHWýDOïýìääåñý3KLOOLSVýHWýDOïýìääåñý4XDFNHQERVVýHWýDOïýìääìñý7KRPDVýHWýDOïýìääêñ
:DOGPDQýHWýDOïýìääìôï

7KHý75,0ï([SRýPRGXOHýKDVýVHYHUDOýLQGRRUýDQGýLQðYHKLFOHýPLFURHQYLURQPHQWVñýLQFOXGLQJ
LQVLGHýDýKRPHýõVHYHUDOýGLIIHUHQWýORFDWLRQVôâýLQýWUDQVLWýõHïJïñýDXWRPRELOHVñýEXVHVñýWUDLQVôñýLQGRRUVýDW
ZRUNýRUýVFKRROâýLQGRRUýUHFUHDWLRQDOýIDFLOLWLHVýõHïJïñýPRYLHýWKHDWHUVôñýVKRSSLQJýPDOOVñýDQG
UHVWDXUDQWVïýý,QýDGGLWLRQñý75,0ï([SRýKDVýWKHýIOH[LELOLW\ýWRýLQFOXGHýRWKHUýLQGRRU
PLFURHQYLURQPHQWVýRIýLPSRUWDQFHýDVýLQIRUPDWLRQýEHFRPHVýDYDLODEOHï

:KLOHýHYLGHQFHýFRQWLQXHVýWRýDFFXPXODWHýUHJDUGLQJýWKHýLPSRUWDQFHýRIýLQGRRUýVRXUFHVýDQG
HQYLURQPHQWVýRQýH[SRVXUHVñýWKHUHýUHPDLQVýLPSRUWDQWýVRXUFHVýRIýH[SRVXUHýRXWGRRUVñýWRRïýý,QýIDFWñ
VWXGLHVýVKRZýWKDWýLQýWKHýDEVHQFHýRIýLQGRRUýVRXUFHVñýSHQHWUDWLRQýRIýRXWGRRUýSROOXWDQWVýZHUH
UHVSRQVLEOHýIRUýHOHYDWHGýLQGRRUýFRQFHQWUDWLRQVýõVHHñýIRUýH[DPSOHñý/LR\ýHWýDOïýìääìôïýý+RZHYHUñ
LQYHVWLJDWLRQVýLQWRýWKHýVRXUFHVýRIýRXWGRRUýSROOXWDQWVýKDYHýIRXQGýWKDWñýDOWKRXJKýKXPDQýDFWLYLWLHVñ
VXFKýDVýPRWRUýYHKLFOHýXVHýKDYHýDýPDMRUýLPSDFWýRQýDPELHQWýOHYHOVýRIýSDUWLFOHVýDQGýWR[LF
SROOXWDQWVñýUHODWLYHO\ýVPDOOñýORFDOýVRXUFHVýRIýVSHFLILFýWR[LFýSROOXWDQWVýVXFKýDVýUHSDLUýVKRSVýFDQýDOVR
KDYHýDýVLJQLILFDQWýLPSDFWýRQýWKHýH[SRVXUHVýWRýDýQHDUE\ýSRSXODWLRQïýý0RUHRYHUñýH[SRVXUHVýWR
SROOXWDQWVýIURPýFHUWDLQýRXWGRRUýVRXUFHVýFDQýEHýDIIHFWHGýE\ýORFDOýFOLPDWRORJ\ñýWKHUHE\ýH[KLELWLQJ
VHDVRQDOýYDULDWLRQVýLQýWKHýH[SRVXUHýSURILOHïýý$QýH[DPSOHýDUHýSROOXWDQWVýWKDWýDUHýHPLWWHGýE\ýWKH
EXUQLQJýRIýKHDWLQJýIXHOýLQýWKHýZLQWHUýPRQWKVýõ/LR\ýDQGý'DLVH\ýìääíôï

7KHý75,0ï([SRýPRGXOHýFXUUHQWO\ýKDVýVHYHUDOýRXWGRRUýHQYLURQPHQWVýLQFOXGHGýLQýLWV
PRGHOLQJýV\VWHPïýý7KHUHýDUHýRXWGRRUýPLFURHQYLURQPHQWVýVSHFLILHGýIRUýDWýKRPHñýLQýWUDQVLWýõHïJïñ
ZDONLQJñýELF\FOLQJôñýDWýZRUNñýDQGýUHFUHDWLRQDOýORFDWLRQVïýý7KHýORFDWLRQýZKHUHýHDWLQJýWDNHVýSODFH
PD\ýDOVRýEHýLPSRUWDQWýIRUýHVWLPDWLQJýLQJHVWLRQýH[SRVXUHVï

éïëïäïëýý)OH[LEOHñý0RGXODUñýDQGý3RUWDEOHý$OJRULWKPV

7KHý75,0ï([SRýPRGXOHýLVýGHVLJQHGýZLWKýIHDWXUHVýWKDWýZLOOýIDFLOLWDWHýIXWXUHýH[SDQVLRQýDQG
LQWHJUDWLRQýRIýWKHýIUDPHZRUNýLQýDQWLFLSDWLRQýRIýQHZýPRGHOLQJýWHFKQLTXHVýDQGýGDWDïýý$GGLWLRQDOO\ñ
WKHUHýLVýDýQHHGýIRUý75,0ï([SRýWRýEHýFRPSDWLEOHýZLWKýRWKHUýH[SRVXUHýPRGHOLQJýSODWIRUPV
GHYHORSHGýERWKýZLWKLQýDQGýRXWVLGHýRIý(3$ïýý7KHýGHVLJQýIHDWXUHVýWKDWýZLOOýDOORZýIRUýWKHVH
FDSDELOLWLHVýDUHýSRUWDELOLW\ñýPRGXODULW\ñýDQGýIOH[LELOLW\ïýý7KHVHýWKUHHýIHDWXUHVýDUHýDOOýLQWHUUHODWHGýLQ
IXQFWLRQýDQGýSXUSRVHïýýý7KH\ýIROORZýWKHýUHFRPPHQGHGýJXLGDQFHýVHWýIRUWKýE\ýWKHý1DWLRQDO
5HVHDUFKý&RXQFLO©Vý&RPPLWWHHýRQý$GYDQFHVýLQý$VVHVVLQJý+XPDQý([SRVXUHýWRý$LUERUQH
3ROOXWDQWVýõ15&ýìääìEôïýý)OH[LELOLW\ýPHDQVýWKDWýWKHýPRGHOýDOJRULWKPVýDUHýZULWWHQýXVLQJýSUHFLVHñ
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VWDQGDUGýHQFRGLQJýSUDFWLFHVïýý7KLVýDSSURDFKýZLOOýDOORZýWKHýPRGHOýWRýEHýXSGDWHGýUHODWLYHO\ýHDVLO\
DVýQHZýGDWDýDQGýQHZýPRGHOLQJýWHFKQLTXHVýEHFRPHýDYDLODEOHïýý7KHý75,0ï([SRýPRGXOH
DOJRULWKPVýDUHýEHLQJýGHVLJQHGýWRýUHDGLO\ýLQFRUSRUDWHýQHZýLQIRUPDWLRQýUHJDUGLQJýERWKýGDWDýDQG
PHWKRGVïýý$VýDQýH[DPSOHñýFRPPHQWVýZLOOýEHýLQFOXGHGýZLWKLQýWKHýPRGHO©VýVRXUFHýFRGHýZKLFKýZLOO
KHOSýIXWXUHýGHYHORSHUVýXQGHUVWDQGýKRZýWKHýPRGHOýZDVýFRQVWUXFWHGýDQGýH[SODLQýHDFKýRIýWKH
IXQFWLRQDOýFRPSRQHQWVýRIýWKHýPRGHOïýý7KLVýVHHPLQJO\ýPLQRUýSRLQWýKDVýLPSRUWDQWýLPSOLFDWLRQVýIRU
WKHýIXWXUHýGHYHORSPHQWýRIý75,0ï([SRýEHFDXVHýõìôýPRGHOýGHYHORSPHQWýDQGýUHYLVLRQVýPD\
FRQWLQXHýLQGHILQLWHO\ñýDQGýõëôýUHVSRQVLELOLW\ýIRUýIXWXUHýXSGDWHVýRIýWKHýPRGHOýPD\ýVKLIWýWRýGLIIHUHQW
JURXSVï

$QRWKHUýDVSHFWýRIýIOH[LELOLW\ýLVýWKHýXVHýRIýPRGXODUýGHVLJQýLQýPRGHOýGHYHORSPHQWïý
0RGXODUýGHVLJQñýDVýLWVýQDPHýLPSOLHVñýPHDQVýWKDWýWKHýFRPSRQHQWVýRIýWKHýPRGHOýLQYROYHGýLQýWKH
FRPSXWDWLRQýRIýH[SRVXUHVýDUHýVHSDUDWHGýLQWRýGLVFUHHWýXQLWVñýZKHUHýHDFKýXQLWýLVýUHVSRQVLEOHýIRUýD
SDUWLFXODUýIXQFWLRQïýý7KHVHýGLVFUHHWýXQLWVñýRUýPRGXOHVñýDUHýFDOOHGýXSRQýGXULQJýWKHýH[HFXWLRQýRIýD
PRGHOýUXQýWRýSHUIRUPýDýVSHFLILFýIXQFWLRQýRUýVHWýRIýIXQFWLRQVïýý,IýDýSDUWLFXODUýDSSOLFDWLRQýGRHVýQRW
UHTXLUHýWKHýIXQFWLRQõVôýSHUIRUPHGýE\ýDýFHUWDLQýPRGXOHñýWKHQýWKHýFDOFXODWLRQVýRUýURXWLQHV
SHUIRUPHGýE\ýWKHýPRGXOHýDUHýQRWýFDOOHGýXSRQïýý,QýPRVWýRIýWKHýHDUO\ýH[SRVXUHýPRGHOVñýDOOýRIýWKH
IXQFWLRQVýRIýDýPRGHOýZHUHýH[HFXWHGýUHJDUGOHVVýRIýZKHWKHUýWKH\ýZHUHýUHTXLUHGýIRUýWKHýSDUWLFXODU
DSSOLFDWLRQïýý8VLQJýRQO\ýWKHýPRGXOHVýWKDWýDUHýQHHGHGýIRUýDýVSHFLILFýDSSOLFDWLRQýUHGXFHVýWKH
DPRXQWýRIýFRPSXWHUýUHVRXUFHVýUHTXLUHGïýý8VLQJýDýPRGXODUýDSSURDFKýDOVRýDLGVýLQýWKHýGHYHORSPHQW
RIýWKHýPRGHOýEHFDXVHýZKHQýVSHFLILFýPRGHOýIXQFWLRQVýDUHýLQýPRGXOHVñýWKH\ýFDQýEHýUHYLVHGýDQG
WHVWHGýZLWKRXWýUXQQLQJýWKHýHQWLUHýPRGHOïýý7KLVýPDNHVýLVRODWLQJýDQGýFRUUHFWLQJýPLVWDNHVýLQýWKH
PRGHO©VýDOJRULWKPVýHDVLHUñýDVýZHOOï

7KHýIXQFWLRQDOýDWWULEXWHýRIýSRUWDELOLW\ýLVýLPSRUWDQWýWRýWKHýGHYHORSPHQWýRIýWKHý75,0ï([SR
PRGHOLQJýV\VWHPïýý3RUWDELOLW\ýUHIHUVýWRýKRZýHDVLO\ýWKHýPRGHOýFDQýEHýýLQWHJUDWHGýZLWKýRWKHU
PRGHOLQJýV\VWHPVýVXFKýDVý0RGHOVðêýRUý0(1725ñýLQýWKHýFDVHýRIý75,0ïý([SRïýý7KHýRYHUDOOýJRDO
RIýV\VWHPVýVXFKýDVý0RGHOVðêýDQGý0(1725ýLVýWRýVLPSOLI\ýDQGýLQWHJUDWHýWKHýGHYHORSPHQWýDQGýXVH
RIýFRPSOH[ýHQYLURQPHQWDOýPRGHOVïýý7KHýGHYHORSHUVýRIýWKHVHýV\VWHPVýVHHNýWRýSURYLGHýDýVHWýRI
UHDG\ðWRðXVHýPHWKRGRORJLFDOýWRROVýDQGýOLQNDJHVýWRýUHOHYDQWýGDWDEDVHVýIRUýSHUIRUPLQJýDVVHVVPHQWV
RIýH[SRVXUHïýý+HQFHñýLWýLVýLPSRUWDQWýWKDWý75,0ï([SRýFDQýWDNHýIXOOýDGYDQWDJHýRIýWKHýGHVLJQVýDQG
QXPHULFDOýDQDO\VLVýWRROVýSURYLGHGýE\ýWKHVHýV\VWHPVïýý7KHUHIRUHñý75,0ï([SRýLVýEDVHGýRQýDQýRSHQñ
XVHUðRULHQWHGýLPSOHPHQWDWLRQýWKDWýLVýFRPSDWLEOHýZLWKýWKHýFRPSRQHQWVýRIýRWKHUýPRGHOLQJýV\VWHPVïý
$QýRSHQýV\VWHPýGHVLJQýPHDQVýWKDWý75,0ï([SR©VýGHYHORSPHQWýLVýQRWýVSHFLILFýWRýDýVLQJOH
FRPSXWLQJýSODWIRUPïýý)LQDOO\ñý75,0ï([SRýFDQýEHýUXQýZLWKRXWýWKHýXVHýRIýSURSULHWDU\ýVRIWZDUHýRU
PRGHOýFRPSRQHQWVñýHQKDQFLQJýERWKýWKHýIOH[LELOLW\ýDQGýSRUWDELOLW\ýRIý75,0ïý([SRï

éïëïäïêýý([SOLFLWý7UHDWPHQWýRIý8QFHUWDLQW\ýDQGý9DULDELOLW\

:KLOHýWKHýLPSRUWDQFHýRIýFKDUDFWHUL]LQJýXQFHUWDLQW\ýDQGýYDULDELOLW\ýH[SOLFLWO\ýDQG
VHSDUDWHO\ýLVýZHOOýUHFRJQL]HGýõ1$6ýìääéñý&5$50ýìääæñý8ï6ïý(3$ýìääæFôñý2$436ýLQWHQGVýWR
VHOHFWLYHO\ýDSSO\ýXQFHUWDLQW\ýDQGýYDULDELOLW\ýDQDO\VHVýRQýDýFDVHðVSHFLILFýEDVLVñýõLïHïñýIRUýFULWLFDO
SDUDPHWHUVýDQGñýZKHUHýDSSURSULDWHñýEDVHGýRQýWKHýXQGHUO\LQJýVFLHQFHýDQGýGDWDôïý

7KHý75,0ï([SRýPRGXOHýH[SOLFLWO\ýWUHDWVýWKHýXQFHUWDLQW\ýLQýWKHýPRGHOýHVWLPDWHVýRI
H[SRVXUHïýý8QFHUWDLQW\ýLVýWKHýODFNýRIýNQRZOHGJHýRIýWKHýDFWXDOýYDOXHVýRIýSK\VLFDOýYDULDEOHV
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õSDUDPHWHUýXQFHUWDLQW\ôýDQGýRIýSK\VLFDOýV\VWHPVýõPRGHOýXQFHUWDLQW\ôïýý)RUýH[DPSOHñýSDUDPHWHU
XQFHUWDLQW\ýUHVXOWVýZKHQýQRQðUHSUHVHQWDWLYHýVDPSOLQJýõWRýPHDVXUHýWKHýGLVWULEXWLRQýRIýSDUDPHWHU
YDOXHVôýJLYHVýVDPSOLQJýHUURUVïýý0RGHOýXQFHUWDLQW\ýDOVRýUHVXOWVýIURPýVLPSOLILFDWLRQýRIýFRPSOH[
SK\VLFDOýV\VWHPVïýý8QFHUWDLQW\ýFDQýEHýUHGXFHGýWKURXJKýLPSURYHGýPHDVXUHPHQWVýDQGýLPSURYHG
PRGHOýIRUPXODWLRQï

$VýZLWKýXQFHUWDLQW\ñýWKHýYDULDELOLW\ýLQýPRGHOýLQSXWVýZLOOýEHýH[SOLFLWO\ýFKDUDFWHUL]HGýLQ
75,0ï([SRñýZKHUHYHUýIHDVLEOHïýý9DULDELOLW\ýLVýQRWýWRýEHýFRQIXVHGýZLWKýXQFHUWDLQW\âýWKH\ýDUHýWZR
VHSDUDWHýDVSHFWVýLQKHUHQWýLQýGDWDýVDPSOHGýIURPýDýSRSXODWLRQïýý9DULDELOLW\ýUHSUHVHQWVýWKHýGLYHUVLW\
RUýKHWHURJHQHLW\ýLQýDýSRSXODWLRQýRUýSDUDPHWHUýDQGýLVýVRPHWLPHVýUHIHUUHGýWRýDVýQDWXUDOýYDULDELOLW\ïý
$QýH[DPSOHýLVýWKHýYDULDWLRQýLQýWKHýKHLJKWVýRIýSHRSOHïýý9DULDELOLW\ýFDQQRWýEHýUHGXFHGýE\ýXVLQJ
PRUHýPHDVXUHPHQWVýRUýPHDVXUHPHQWVýZLWKýLQFUHDVHGýSUHFLVLRQýõLïHïñýPRUHýSUHFLVHýPHDVXUHPHQWV
RIýSHRSOH©VýKHLJKWVýGRHVýQRWýUHGXFHýWKHýQDWXUDOýYDULDWLRQýLQýWKHLUýKHLJKWVôïýý+RZHYHUñýLWýFDQýRIWHQ
EHýUHGXFHGýE\ýDýPRUHýGHWDLOHGýPRGHOýIRUPXODWLRQïýý)RUýH[DPSOHñýPRGHOLQJýSHRSOH©VýKHLJKWVýLQ
WHUPVýRIýWKHLUýDJHýZLOOýUHGXFHýVRPHýRIýWKHýXQH[SODLQHGýYDULDELOLW\ýLQýWKHýGLVWULEXWLRQýRIýGDWDýRQ
KHLJKWVïýý9DULDELOLW\ýDPRQJýWKHýPHPEHUVýRIýDýSRSXODWLRQýLQýIDFWRUVýVXFKýDVýIRRGýLQJHVWLRQýUDWHVñ
H[SRVXUHýGXUDWLRQñýDQGýH[SHFWHGýOLIHWLPHýFDQýEHýGHVFULEHGýE\ýSXUHO\ýVWRFKDVWLFýõLïHïñýLQYROYLQJ
FKDQFHýRUýSUREDELOLW\ôýSURFHVVHVïýý7KHVHýSURFHVVHVýDUHýUDQGRPýRUýYDULDEOHýDQGýDUHýQRW
FKDUDFWHUL]HGýE\ýDýVLQJOHýYDOXHýEXWýFDQýEHýGHVFULEHGýE\ýDýGLVWULEXWLRQïýý7KXVñýHVWLPDWLRQýRIýWKH
PRPHQWVýRIýWKHýGLVWULEXWLRQýõHïJïñýPHDQñýYDULDQFHñýVNHZQHVVôýLVýSRVVLEOHï

7KHý75,0ýIUDPHZRUNýLQFOXGHVýDQýDSSURDFKýWRýHVWLPDWHýXQFHUWDLQW\ýDQGýYDULDELOLW\ýLQýD
PDQQHUýWKDWýDOORZVýIRUýLQWHJUDWLRQýEHWZHHQýWKHý75,0ýPRGXOHVýZKLOHýWUDFNLQJýWKHýXQFHUWDLQW\ýDQG
YDULDELOLW\ýWKURXJKýWKHýPRGXOHVïýý7KHýUHPDLQGHUýRIýWKLVýVHFWLRQýEULHIO\ýGHVFULEHVýWKHýDSSURDFKýIRU
HVWLPDWLQJýXQFHUWDLQW\ýDQGýYDULDELOLW\ïýý)RUýDýPRUHýULJRURXVýH[SODQDWLRQýRQýXQFHUWDLQW\ýDQG
YDULDELOLW\ýDQGýLPSOHPHQWLRQýLQýWKHý75,0ýIUDPHZRUNñýSOHDVHýUHIHUýWRýWKHýìäääý75,0ý6WDWXV
5HSRUWýõ8ï6ïý(3$ýìäääFôï

7KHý(3$ýFKRVHýDýVWDJHGýDSSURDFKýIRUýDQDO\]LQJýXQFHUWDLQW\ýDQGýYDULDELOLW\ýVLQFHýLWýKDV
VHYHUDOýDGYDQWDJHVýIRUýPRGHOVýDVýFRPSOH[ýDVý75,0ïýý7KHýILUVWýVWDJHñýZKLFKýLVýFRPSDUDWLYHO\ýHDV\
WRýLPSOHPHQWñýLVýNQRZQýDVýDýVHQVLWLYLW\ýDQGýVFUHHQLQJýDQDO\VLVïýý7KLVýVWDJHýLQYROYHVýLGHQWLI\LQJ
LQIOXHQWLDOýSDUDPHWHUVýDQGýGHYHORSLQJýDQýLPSRUWDQFHðUDQNLQJýRIýSDUDPHWHUVýWRýIRFXVýDQGýUHGXFH
WKHýQXPEHUýRIýSDUDPHWHUVýDQDO\]HGýLQýWKHýXQFHUWDLQW\ýDQGýYDULDELOLW\ýDQDO\VLVïýý7KHýVHQVLWLYLW\ýDQG
VFUHHQLQJýDQDO\VLVýFRPSXWHVýWKHýLPSRUWDQFHýRIýSDUDPHWHUVýE\ýFDOFXODWLQJýWKHýH[WHQWýWRýZKLFK
PRGHOýUHVXOWVýFKDQJHýZKHQýSDUDPHWHUVýDUHýYDULHGýVLQJO\ýRUýLQýSDLUVïýý7KLVýSURFHVVýSURYLGHVýIRUýD
ILUVWðRUGHUýGHWHUPLQDWLRQýRIýWKHýPRVWýLQIOXHQWLDOýSDUDPHWHUVýDQGýDOORZVýIXUWKHUýDQDO\VLVýWRýIRFXV
RQýWKHýNH\ýSDUDPHWHUVïýý)XUWKHUPRUHñýWKLVýVFUHHQLQJýDSSURDFKýQDUURZVýGRZQýWKHýVFRSHýRIýWKH
GHWDLOHGýDQDO\VLVýLQýWKHýVHFRQGýVWDJHýDQGýUHGXFHVýWKHýQXPEHUýRIýSDUDPHWHUVýE\ýLGHQWLI\LQJ
LQIOXHQWLDOýSDUDPHWHUVýWKDWýVKRXOGýEHýUHWDLQHGýIRUýIXUWKHUýDQDO\VHVïýý7KLVýLVýDýFULWLFDOýVWHSýWRZDUG
WKHýJRDOýRIýSURGXFLQJýDQýHFRQRPLFDOýUHSUHVHQWDWLRQýRIýXQFHUWDLQW\ýDQGýYDULDELOLW\ýE\ýH[FOXGLQJ
XQQHFHVVDU\ýWHUPVýDQGýSDUDPHWHUVýDQGýVWLOOýFDSWXULQJýDOOýRIýWKHýVLJQLILFDQWýIHDWXUHVýRIýPRGHO
XQFHUWDLQW\ýDQGýYDULDELOLW\ï

7KHýVHFRQGýVWDJHýRIý75,0ï([SR©VýXQFHUWDLQW\ýDQGýYDULDELOLW\ýDQDO\VLVýLVýPRUHýFRPSOH[
DQGýLQYROYHVýDý0RQWHý&DUORýDSSURDFKïýý0RQWHý&DUORýPHWKRGVýDQDO\]HýPRGHOýXQFHUWDLQW\ýE\ýXVLQJ
VWDWLVWLFDOýVDPSOLQJýWHFKQLTXHVýWRýHVWLPDWHýVWDWLVWLFVýWKDWýFKDUDFWHUL]HýXQFHUWDLQW\ïýý(VVHQWLDOO\ñýD
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0RQWHý&DUORýDSSURDFKýHQWDLOVýSHUIRUPLQJýPDQ\ýPRGHOýUXQVýZLWKýPRGHOýLQSXWVýWKDWýDUHýUDQGRPO\
VDPSOHGýIURPýVSHFLILHGýGLVWULEXWLRQVýIRUýWKHýPRGHOýLQSXWVïýý7KHVHýFDQýEHýVHWýXSýWRýFKDUDFWHUL]H
WKHýSURSDJDWLRQýRIýXQFHUWDLQW\ýDQGýYDULDELOLW\ýRIýWKHýPRGHOýLQSXWýSDUDPHWHUVñýWDNLQJýLQWRýDFFRXQW
GLVWULEXWLRQVýRIýSDUDPHWHUýXQFHUWDLQW\ýDQGýYDULDELOLW\ýDQGýSDUDPHWHUýGHSHQGHQFLHVïýýý7KHVH
VLPXODWLRQVýSURYLGHýXQFHUWDLQWLHVýRIýPRGHOýRXWSXWVýLQýWHUPVýRIýGLVWULEXWLRQVýRIýPRGHOýRXWSXWVñ
MRLQWýGLVWULEXWLRQVýRIýPRGHOýLQSXWVýDQGýRXWSXWVñýDQGýVXPPDU\ýVFDODUýPHDVXUHVýõLïHïñýWKHýFRUHýGDWD
IURPýZKLFKýLQIRUPDWLRQýDERXWýXQFHUWDLQW\ýDQGýYDULDELOLW\ýFDQýEHýH[WUDFWHGôï

7KLVýWZRðVWDJHýDQDO\VLVýRIýXQFHUWDLQW\ýDQGýYDULDELOLW\ýZLOOýEHýSHUIRUPHGýIRUýHDFKýRIýWKH
75,0ýPRGXOHVýWRýVWXG\ýWKHýSURSDJDWLRQýRIýXQFHUWDLQW\ïýý7KHý0RQWHý&DUORýVLPXODWLRQVýIRUýHDFK
75,0ýPRGXOHýZLOOýEHýSHUIRUPHGýVHTXHQWLDOO\ýLQýWKHýRUGHUýWKDWýWKHý75,0ýPRGXOHVýDUHýUXQïý
6XIILFLHQWýLQIRUPDWLRQýPXVWýEHýWUDQVPLWWHGýIURPýRQHýPRGXOHýWRýWKHýQH[WýWRýEHýDEOHýWRýSURSDJDWH
GLVWULEXWLRQDOýLQIRUPDWLRQýWRýVXFFHHGLQJý0RQWHý&DUORýVLPXODWLRQVïýý6LQFHýWKHýDPRXQWýRIýGDWD
SURGXFHGýIURPý0RQWHý&DUORýVLPXODWLRQVýLVýYROXPLQRXVñýWKHýIXOOýUHVXOWVýZLOOýEHýDUFKLYHGýDQGýD
UHGXFHGýVHWýZLOOýEHýUHWDLQHGýDVýLQSXWýIRUýWKHýQH[WýPRGXOHïýý7KHýRXWSXWýYDOXHVýIURPýHDFKýRIýWKH
75,0ýPRGXOHVýDVýZHOOýDVýWKHýPRGHOýLQSXWVýõLïHïñýSDUDPHWHUýYDOXHVôýIRUýHDFKý0RQWHý&DUOR
VLPXODWLRQýZLOOýEHýVDYHGýDQGýFDQýEHýSDVVHGýDORQJýWRýWKHýQH[WýPRGXOHýIRUýVXEVHTXHQWýXQFHUWDLQW\
DQDO\VLVïýý+RZHYHUñýWKHýDPRXQWýRIýGDWDýZRXOGýLQFUHDVHýGUDVWLFDOO\ýIURPýRQHýPRGXOHýWRýWKHýQH[Wïý
7KHUHIRUHñýLWýLVýLPSRUWDQWýWRýWUDFNýWKHýLQSXWýSDUDPHWHUVýWRýHDFKý75,0ýPRGXOHï

7RýUHGXFHýWKHýVL]HýDQGýFRPSOH[LW\ýRIýWKHýWUDQVIHUýRIýXQFHUWDLQW\ýDQGýYDULDELOLW\
LQIRUPDWLRQýEHWZHHQý75,0ýPRGXOHVñýWKHýUHVXOWVýFDQýEHýVXPPDUL]HGýLQýWKHýIRUPýRIýQRQð
SDUDPHWULFýSUREDELOLW\ýGLVWULEXWLRQVýWKDWýFDQýEHýSDVVHGýWRýWKHýQH[WýPRGXOHñýZKHUHýHDFK
GLVWULEXWLRQýWRýEHýSDVVHGýLVýFKDUDFWHUL]HGýQRQðSDUDPHWULFDOO\ýE\ýLWVýSHUFHQWLOHVï

7KHýVFUHHQLQJýVWDJHýGHVFULEHGýDERYHýLQYROYHVýDýVHQVLWLYLW\ýUDQNLQJýDQDO\VLVýWRýVHOHFWýWKH
FULWLFDOýSDUDPHWHUVýWRýEHýWUDFNHGýIRUýWKHýPRUHýGHWDLOHGýXQFHUWDLQW\ýDQDO\VLVâýDOOýRWKHUýSDUDPHWHUV
ZRXOGýEHýVHWýDWýWKHLUýFHQWUDOýWHQGHQF\ýYDOXHïýý7KLVýIRFXVýRQýFULWLFDOýSDUDPHWHUVýDOVRýGHFUHDVHVýWKH
DPRXQWýRIýLQIRUPDWLRQýWRýEHýWUDFNHGïýý7RýIXUWKHUýUHGXFHýWKHýYROXPHýRIýLQIRUPDWLRQñýDIWHU
VXPPDUL]LQJýWKHýUHVXOWVýIURPýRQHýPRGXOHýDVýSUREDELOLW\ýGLVWULEXWLRQVñýWKHýWUDQVPLVVLRQýRI
LQIRUPDWLRQýWRýWKHýQH[WýPRGXOHýLVýILOWHUHGýWRýVHOHFWýWKHýPRVWýFULWLFDOýSDUDPHWHUVýõHïJïñýWKRVHýWKDW
DFFRXQWýIRUýäèýSHUFHQWýRIýWKHýYDULDQFHýRIýWKHýXQFHUWDLQW\ýDQGýYDULDELOLW\ôï

,WýLVýLPSRUWDQWýWRýQRWHýWKDWýVLQFHýGDWDýIRUýPDQ\ýRIýWKHýLQSXWýYDULDEOHVýLQý75,0ï([SRýõHïJïñ
WLPHðDFWLYLW\ýSDWWHUQVñýYHQWLODWLRQýUDWHVñýDLUýH[FKDQJHýUDWHVôýDUHýQRWýDYDLODEOHýWRýFRYHUýWKHýHQWLUH
UDQJHýRIýSRVVLEOHýYDOXHVñý0RQWHý&DUORýVLPXODWLRQVýDUHýXVHGýWRýEHWWHUýUHSUHVHQWýWKHýGLVWULEXWLRQýRI
H[SRVXUHVýWKDWýRFFXUýDPRQJýWKHýSHRSOHýLQýDQýH[SRVXUHýDVVHVVPHQWïýý:KLOHýWKLVýPHWKRGýEHWWHU
FDSWXUHVýWKHýYDULDELOLW\ýRIýWKHýSRSXODWLRQ©VýH[SRVXUHVñýLWýXQGHUHVWLPDWHVýWKHýUHSHWLWLYHýQDWXUHýRI
FHUWDLQýKLJKýH[SRVXUHýVLWXDWLRQVýõHïJïñýORQJýFRPPXWHVýLQýVORZðPRYLQJýWUDIILFýRUýSUHSDULQJýIRRGV
LQýDýPDQQHUýWKDWýLQFUHDVHVýWKHýUHOHDVHýRIýWR[LFýSROOXWDQWVôýIRUýFHUWDLQýVHJPHQWVýRIýWKHýSRSXODWLRQï

)XUWKHPRUHñýLWýVKRXOGýEHýQRWHGýWKDWýPXFKýRIýWKHýGDWDýXVHGýWRýFKDUDFWHUL]HýYDULDELOLW\
UHODWHGýWRýH[SRVXUHñýVXFKýDVýWLPHðDFWLYLW\ýSDWWHUQVýRUýRWKHUýH[SRVXUHýIDFWRUVýDUHýVRPHWLPHVýEDVHG
RQýVKRUWðWHUPýõPXOWLGD\ôýPHDVXUHPHQWVýõHïJïñýGLDU\ýVWXGLHVñýUHFDOOñýPRQLWRULQJôïýý'HVSLWHýWKH
OLPLWDWLRQVýDQGýDVVXPSWLRQVýEXLOWýLQWRýXVLQJýVXFKýGDWDýWRýJHQHUDWHýORQJðWHUPýIDFWRUVñý2$436ý
EHOLHYHVýWKDWýWKHVHýGDWDýDUHýWKHýEHVWýDYDLODEOHýDQGýH[WUDSRODWLQJýWRýJHQHUDWHýORQJðWHUPýIDFWRUVýRUý



&+$37(5ýé
'(6,*1ý)5$0(:25.ý$1'ý&21&(378$/,=$7,21ý2)ý75,0ï([SR

129(0%(5ýìäää éðêí 75,0ï(;32ý76'ýõ'5$)7ô

FUHDWLQJýDýORQJHUýWHUPýVHTXHQFHýRIýVXFKýGDWDýLVýWKHýEHVWýDSSURDFKïýý,WýVKRXOGýEHýUHLWHUDWHGýWKDW
75,0ñýGXHýWRýLWVýDUFKLWHFWXUHñýLVýDýG\QDPLFýPRGHOLQJýV\VWHPñýQRWýDýVWDWLFýPRGHOñýDQGýZLOOýEHýDEOH
WRýXQGHUJRýIUHTXHQWýXSGDWHVýWKDWýUHIOHFWýQHZýVFLHQFHýDQGýLQIRUPDWLRQïýý7KHUHIRUHñýRQFHýDOWHUQDWLYH
DQGýLPSURYHGýDSSURDFKHVýõHïJïñýFRUUHODWHGýGLDULHVýIRUýDFWLYLW\ýDQGýFRQVXPSWLRQýLQIRUPDWLRQýDWýWKH
LQGLYLGXDOýOHYHOýGHYHORSHGýWKURXJKýVWDWLVWLFDOýDQDO\VLVýRIýPXOWLGD\ýGLDULHVôýEHFRPHýDYDLODEOHñýWKH\
ZLOOýEHýHYDOXDWHGýDQGýLQFRUSRUDWHGýLQWRý75,0ýZKHUHýDSSURSULDWHïý

éïê '$7$ý,1387ý5(48,5(0(176

,QSXWVýWRý75,0ï([SRýLQFOXGHýHQYLURQPHQWDOýPHGLDýFRQFHQWUDWLRQVñýLQWHUPHGLDýWUDQVIHU
IDFWRUVñýDQGîRUýWKHýLQSXWýQHHGHGýWRýFDOFXODWHýLQWHUPHGLDýWUDQVIHUVýIURPýDOJRULWKPVñýFRKRUWýDFWLYLW\
GDWDñýDQGýGHPRJUDSKLFýDQGýDWðULVNýSRSXODWLRQýGDWDïýý7KHýVHFWLRQVýEHORZýVXPPDUL]HýWKHýSULQFLSOH
VRXUFHVýRIýLQSXWýGDWDýLQýWKHVHýDUHDVï

$OWKRXJKý75,0ï([SRýLVýSULPDULO\ýDýVWRFKDVWLFýPRGHOñýGLVWULEXWLRQVýIRUýPDQ\ýRIýWKH
PRGHO©VýLQSXWVýDUHýHLWKHUýQRWýDYDLODEOHýRUýDUHýLQFRPSOHWHïýý7KURXJKýWKHýXVHýRIýDýV\VWHPDWLF
VHQVLWLYLW\ýDQDO\VLVñýH[SRVXUHýSDWKZD\VýDQGýSDUDPHWHUVýFDQýEHýLGHQWLILHGýE\ýWKHýPRGHOýWKDWýGRýQRW
PDNHýDýPDMRUýFRQWULEXWLRQýWRýWKHýDVVHVVPHQWýHQGSRLQWýQRUýWRýWKHýRYHUDOOýXQFHUWDLQW\ýDQG
YDULDELOLW\ïýý7KHýXVHýRIýSRLQWýHVWLPDWHVýFDQýWKHQýEHýFRQVLGHUHGýIRUýWKHVHýSDUDPHWHUVýõ8ï6ïý(3$
ìääæFôïýý&RQYHUVHO\ñý75,0ï([SRýZLOOýXVHý0RQWHý&DUORýDQDO\VLVýIRUýWKRVHýSDUDPHWHUVýWKDWýDUH
IRXQGýWRýKDYHýDýVLJQLILFDQWýLPSDFWýRQýH[SRVXUHýDQGýWKDWýKDYHýGDWDýDYDLODEOHïýý+HQFHñýDVVHVVPHQWV
LQý75,0ï([SRýZLOOýEHýDEOHýWRýXVHýDýFRPELQDWLRQýRIýGLVWULEXWLRQDOýGDWDýIRUýLQSXWýSDUDPHWHUVýWKDW
DUHýMXGJHGýWRýEHýLPSRUWDQWýE\ýWKHýDQDO\VWñýDQGýSRLQWýHVWLPDWHVýIRUýWKRVHýSDUDPHWHUVýWKDWýDUHýHLWKHU
GHWHUPLQHGýWRýFRQWULEXWHýOLWWOHýWRýWKHýH[SRVXUHýRXWFRPHýRUýWKDWýKDYHýLQVXIILFLHQWýGDWDýDYDLODEOHïý
:KLFKHYHUýGLVWULEXWLRQýW\SHýLVýVHOHFWHGýIRUýDýSDUWLFXODUýSDUDPHWHUñýWKHýDQDO\VWýZLOOýEHýLQIRUPHGýE\
WKHýPRGHOýRIýWKHýFKRLFHVýPDGHýDQGýWKHýLPSOLFDWLRQVýWKDWýPD\ýUHVXOWï

$ýSUREDELOLW\ýGHQVLW\ýIXQFWLRQýõ3')ôýZLOOýEHýGHYHORSHGýIRUýPDQ\ýRIýWKHýLQSXWýYDULDEOHV
XVHGýLQý75,0ï([SRïýý)RUýFRQWLQXRXVýUDQGRPýYDULDEOHVñýWKHý3')ýH[SUHVVHVýWKHýSUREDELOLW\ýWKDW
WKHýUDQGRPýYDULDEOHýIDOOVýZLWKLQýVRPHýYHU\ýVPDOOýLQFUHPHQWýõ8ï6ïý(3$ýìääæFôïýý,WýPXVWýEH
HPSKDVL]HGýWKDWýGLVWULEXWLRQVýIRUýPDQ\ýRIýWKHýH[SRVXUHýIDFWRUVýLQý75,0ï([SRýKDYHýQRWýEHHQ
GHYHORSHGýWRýGDWHñýKHQFHñýDýPDMRUýHIIRUWýLVýUHTXLUHGýWRýGHYHORSýWKHý3')VýIRUýLQSXWýWRýWKHýPRGHOï

3UREDELOLW\ýGHQVLW\ýIXQFWLRQVýFDQýEHýFKDUDFWHUL]HGýE\ýQXPHURXVýGLVWULEXWLRQDOýIRUPV
õ&XOOHQýDQGý)UH\ýìäääôïýý)RUýHDFKý75,0ï([SRýDSSOLFDWLRQñýWKHýDQDO\VWýQHHGVýWRýDGGUHVVýVHYHUDO
FULWLFDOýLVVXHVýUHJDUGLQJýGDWDýVRUWLQJýDQGýPDQLSXODWLRQïýý7KHVHýLVVXHVýLQFOXGHñýEXWýDUHýQRWýOLPLWHG
WRýWKHýIROORZLQJãýõìôýKRZýWRýGHYHORSýDý3')ýEDVHGýRQýOLPLWHGýGDWDâýõëôýKRZýWRýVHWýWKHýFRQILGHQFH
RUýXQFHUWDLQW\ýOLPLWýIRUýDý3')âýõêôýKRZýWRýWUXQFDWHý3')VýWRýHOLPLQDWHýXQUHDOLVWLFýVFHQDULRVâýDQG
õéôýKRZýWRýXVHýGDWDýWKDWýLVýEHORZýLWVýGHWHFWLRQýOLPLWïýý7KHý(3$ýKDVýFRQYHQHGýZRUNVKRSVýWR
DGGUHVVýLPSRUWDQWýLVVXHVýUHJDUGLQJýGDWDýGLVWULEXWLRQVýDQGýWKHLUýYDULDELOLW\ýDQGýXQFHUWDLQW\ýõ8ï6ï
(3$ýìääçEñý8ï6ïý(3$ýìäääJôïýý7KHýUHDGHUýLVýXUJHGýWRýUHIHUýWRýWKHVHýZRUNVKRSýUHSRUWVýIRUýPRUH
LQðGHSWKýLQIRUPDWLRQýUHJDUGLQJýWKHVHýLVVXHVï

$QRWKHUýLVVXHýFRQFHUQLQJýWKHýGHYHORSPHQWýDQGýXVHýRIýGDWDýLQSXWVýLVýWKDWýDVýVWXGLHV
SURYLGHýQHZýLQIRUPDWLRQýRQýH[SRVXUHýIDFWRUVñýGLVFUHSDQFLHVýPD\ýDSSHDUýEHWZHHQýWKHýIDFWRUVýLQ
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RQHýVWXG\ýDVýFRPSDUHGýWRýWKRVHýIURPýDýGLIIHUHQWýVWXG\ïýý7KLVýFRPSOLFDWHVýWKHýVHOHFWLRQýRI
H[SRVXUHýIDFWRUVýIRUýXVHýLQý75,0ï([SRïýý7KHUHIRUHñýZKHQHYHUýSRVVLEOHñýWKHýGHYHORSHUVýRI
75,0ï([SRýZLOOýXVHýH[SRVXUHýIDFWRUVýWKDWýDUHýFRQVLVWHQWýDFURVVý(3$ýSURJUDPýRIILFHVïý
)XUWKHUPRUHñýWKH\ýZLOOýGUDZýRQýWKHýHIIRUWVýRIñýDQGýZRUNýFRRSHUDWLYHO\ýZLWKñý25'ýDQGýWKHýRWKHU
SURJUDPýRIILFHVýWRýGHWHUPLQHýWKHýPRVWýDSSURSULDWHýH[SRVXUHýIDFWRUVýDQGýZLOOýXSGDWHýWKHVH
SHULRGLFDOO\ýWRýUHIOHFWýWKHýPRVWýFXUUHQWýNQRZOHGJHýLQýWKLVýILHOGïý

éïêïì (19,5210(17$/ý0(',$ý&21&(175$7,216

7KHýUHTXLUHGýHQYLURQPHQWDOýPHGLDýFRQFHQWUDWLRQýGDWDýLQSXWýIRUý75,0ï([SRýLQFOXGHV
DPELHQWýSROOXWLRQýFRQFHQWUDWLRQýHVWLPDWHVïýý)RUýWKHýH[SRVXUHýGXUDWLRQýRIýLQWHUHVWýLQý75,0ï([SRñ
DýFRQFHQWUDWLRQýSURILOHýIRUýHDFKýRIýWKHýSULQFLSDOýHQYLURQPHQWDOýPHGLDýõLïHïñýDLUñýVRLOñýZDWHUñ
YHJHWDWLRQôýLQFOXGHGýLQýWKHýDQDO\VLVýIRUýHDFKýH[SRVXUHýGLVWULFWýLVýQHHGHGïýý3ROOXWDQWýFRQFHQWUDWLRQ
GDWDýIRUý75,0ï([SRýLVýDVVXPHGýWRýEHýDYDLODEOHýIURPýDQDO\VLVýRIýPRQLWRULQJýGDWDñýIURPýD
GLVSHUVLRQýPRGHOñýRUýIURPýDýPXOWLPHGLDýWUDQVSRUWýPRGHOýVXFKýDVý75,0ï)D7(ïýý7KHýWZR
HQYLURQPHQWDOýPHGLDýIRUýZKLFKýPRQLWRULQJýGDWDýDUHýPRVWýDEXQGDQWýDUHýDLUýDQGýZDWHUï

7KHý2$436ýLVýUHVSRQVLEOHýIRUýPDQDJLQJýDýPRQLWRULQJýQHWZRUNýRIýDPELHQWýIL[HGðVLWH
PRQLWRUVýIRUýDLUýSROOXWDQWVïýý7KHý2$436ýXVHVýWKLVýQHWZRUNýRIýPRQLWRUVýWRýKHOSýHQVXUHýWKDWýWKH
OHYHOVýRIýWKHýFULWHULDýSROOXWDQWVýõLïHïñýFDUERQýPRQR[LGHñýQLWURJHQýGLR[LGHñýVXOIXUýGLR[LGHñýR]RQHñ
SDUWLFXODWHýPDWWHUñýOHDGôýGRýQRWýH[FHHGýWKHý1$$46ýHVWDEOLVKHGýWRýFRPSO\ýZLWKýWKHý&$$ïýý7KHýDLU
TXDOLW\ýPHDVXUHPHQWVýDUHýFROOHFWHGýE\ýPRQLWRUVýDWýWKRXVDQGVýRIýVLWHVýDFURVVýWKHýQDWLRQýRSHUDWHG
E\ýVWDWHýDQGýORFDOýHQYLURQPHQWDOýDJHQFLHVïýý(DFKýPRQLWRUýPHDVXUHVýWKHýFRQFHQWUDWLRQýRIýD
SDUWLFXODUýSROOXWDQWýLQýWKHýDLUïýý0RQLWRULQJýGDWDýLQGLFDWHýWKHýDYHUDJHýSROOXWDQWýFRQFHQWUDWLRQ
GXULQJýDýWLPHýLQWHUYDOñýXVXDOO\ýRQHýKRXUýRUýëéýKRXUVïýý7KHýPRQLWRULQJýVWDWLRQVýLQýWKLVýQHWZRUNýDUH
FDOOHGýWKHý6WDWHýDQGý/RFDOý$LUý0RQLWRULQJý6WDWLRQVýõ6/$06ôïýý7RýREWDLQýPRUHýWLPHO\ýDQG
GHWDLOHGýLQIRUPDWLRQýDERXWýDLUýTXDOLW\ýLQýVWUDWHJLFýORFDWLRQVýDFURVVýWKHýQDWLRQñý2$436ýHVWDEOLVKHG
DQýDGGLWLRQDOýQHWZRUNýRIýPRQLWRUVñýFDOOHGýWKHý1DWLRQDOý$LUý0RQLWRULQJý6WDWLRQVýõ1$06ôïýý7KH
1$06ýVLWHVñýZKLFKýDUHýSDUWýRIýWKHý6/$06ýQHWZRUNñýPXVWýPHHWýPRUHýVWULQJHQWýPRQLWRUýVLWLQJñ
HTXLSPHQWýW\SHñýDQGýTXDOLW\ýDVVXUDQFHýFULWHULDï

7KHý&$$ýDOVRýVWLSXODWHVýWKDWýHDFKýVWDWHýLQFOXGHýDýFRPSUHKHQVLYHýLQYHQWRU\ýRIýH[LVWLQJ
VRXUFHVýRIýDLUýSROOXWLRQýDQGýDQýDFFXUDWHýHVWLPDWHýRIýWKHýWRWDOýDPRXQWýRIýSROOXWDQWVýõHïJïñý92&Vô
HPLWWHGýWRýWKHýDLUýE\ýHDFKýVRXUFHýGXULQJýDýFDOHQGDUý\HDUïýý7KHVHýSROOXWDQWýHPLVVLRQVýHVWLPDWHVýDUH
FRPSLOHGýE\ýRSHUDWRUVýRIýLQGXVWULDOýDQGýFRPPHUFLDOýHQWHUSULVHVñýVWDWHýDQGýORFDOýHQYLURQPHQWDO
DJHQFLHVñýDQGý(3$ïýý7KHýDPRXQWýRIýSROOXWDQWýLVýFDOFXODWHGýXVLQJý(3$ðDSSURYHGýPHWKRGVýDQG
PHDVXUDEOHýIDFWRUVýVXFKýDVýWKHýTXDQWLW\ýRIýIXHOýXVHGïý

$OOýRIýWKHVHýHPLVVLRQVýGDWDýDUHýFRPSLOHGýLQýDýVLQJOHýGDWDEDVHýFDOOHGýWKHý$HURPHWULF
,QIRUPDWLRQý5HWULHYDOý6\VWHPýõ$,56ôïýý7KHý$,56ýFRQWDLQVýDOOýRIýWKHýDLUýTXDOLW\ñýHPLVVLRQVñ
FRPSOLDQFHñýDQGýHQIRUFHPHQWýLQIRUPDWLRQýWKDWý2$436ýDQGýVWDWHýDJHQFLHVýFROOHFWýWRýFDUU\ýRXW
WKHLUýUHVSHFWLYHýSURJUDPVýIRUýLPSURYLQJýDQGýPDLQWDLQLQJýDLUýTXDOLW\ï

7KHý(3$©Vý2IILFHýRIý:DWHUýõ2:ôýPDQDJHVýLQIRUPDWLRQýFROOHFWHGýRQýSROOXWDQW
FRQFHQWUDWLRQVýPHDVXUHGýLQýZDWHUERGLHVïýý7KHýGDWDýDUHýFROOHFWHGýIURPýPRQLWRULQJýFRQGXFWHGýDW
UHJXODUýVLWHVýRQýDýFRQWLQXRXVýEDVLVñýDWýVHOHFWHGýVLWHVýRQýDQýDVýQHHGHGýEDVLVýRUýWRýDQVZHUýVSHFLILF
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TXHVWLRQVñýRQýDýWHPSRUDU\ýRUýVHDVRQDOýEDVLVñýRUýRQýDQýHPHUJHQF\ýEDVLVïýý7KHýUHVSRQVLELOLW\ýWR
PRQLWRUýZDWHUýTXDOLW\ýUHVWVýZLWKýPDQ\ýGLIIHUHQWýDJHQFLHVïýý6WDWHýSROOXWLRQýFRQWUROýDJHQFLHVýKDYH
NH\ýPRQLWRULQJýUHVSRQVLELOLWLHVýDQGýFRQGXFWýYLJRURXVýPRQLWRULQJýSURJUDPVïýý0DQ\ýORFDO
JRYHUQPHQWVñýVXFKýDVýFLW\ýDQGýFRXQW\ýHQYLURQPHQWDOýRIILFHVñýDOVRýFRQGXFWýZDWHUýTXDOLW\
PRQLWRULQJïýý,QýDGGLWLRQñýRWKHUý)HGHUDOýDJHQFLHVýDUHýDOVRýLQYROYHGýLQýZDWHUýTXDOLW\ýPRQLWRULQJïý
)RUýH[DPSOHñýWKHý8ï6ïý*HRORJLFDOý6XUYH\ýõ86*6ôýFRQGXFWVýH[WHQVLYHýFKHPLFDOýPRQLWRULQJ
WKURXJKýLWVý1DWLRQDOý6WUHDPý4XDOLW\ý$FFRXQWLQJý1HWZRUNýõ1$64$1ôýDWýIL[HGýORFDWLRQVýRQýODUJH
ULYHUVýDURXQGýWKHýFRXQWU\ï

0DQ\ýDJHQFLHVýDQGýRUJDQL]DWLRQVýPDLQWDLQýFRPSXWHUL]HGýGDWDýV\VWHPVýWRýVWRUHýDQG
PDQDJHýWKHýZDWHUýTXDOLW\ýGDWDýWKH\ýRUýRWKHUVýFROOHFWïýý3HUKDSVýWKHýVLQJOHýODUJHVWýVXFKýDPELHQW
ZDWHUýTXDOLW\ýGDWDýV\VWHPýLVý(3$©Vý6725(7ýõ672UDJHýDQGý5(7ULHYDOôýV\VWHPïýý0XFKýRIýWKH
GDWDýFROOHFWHGýE\ýVWDWHñýORFDOñýDQGýIHGHUDOýDJHQFLHVýDQGýE\ýVRPHýSULYDWHýHQWLWLHVýVXFKýDV
XQLYHUVLWLHVýDQGýYROXQWHHUýPRQLWRUVýDUHýHQWHUHGýLQWRý6725(7ïýý5DZýGDWDýLQý6725(7ýFDQýEH
DFFHVVHGñýDQDO\]HGñýDQGýVXPPDUL]HGýE\ýPDQ\ýXVHUVýDQGýIRUýPDQ\ýSXUSRVHVï

7KHý75,0ï([SRýPRGXOHýZLOOýEHýFDSDEOHýRIýXVLQJýGDWDýIURPýPXOWLPHGLDýWUDQVSRUWýPRGHOV
DVýLQSXWýGDWDýIRUýDPELHQWýSROOXWDQWýFRQFHQWUDWLRQVñýSDUWLFXODUO\ýIRUýPXOWLPHGLDñýPXOWLSDWKZD\
SROOXWDQWVïýý2QHýVXFKýPRGHOýLVýWKHý75,0ï)D7(ýPRGXOHïýý7KHý75,0ï)D7(ýPRGXOHýFDQýHVWLPDWH
SROOXWDQWýFRQFHQWUDWLRQVýLQýPXOWLSOHýHQYLURQPHQWDOýPHGLDýDQGýELRWDñýDQGýDFFRXQWVýIRUýWUDQVIHUýRI
PDVVýWKURXJKRXWýDQýHQYLURQPHQWDOýV\VWHPïýý,WýPRGHOVýWKHýPRYHPHQWýRIýSROOXWDQWýPDVVýRYHUýWLPH
WKURXJKýDýERXQGHGýV\VWHPñýZKLFKýLQFOXGHVýERWKýELRWLFýDQGýDELRWLFýFRPSRQHQWVïýý7KHýERXQGDULHV
RIýWKHýV\VWHPýDUHýGHILQHGýE\ýWKHýXVHUñýDQGýFDQýHDVLO\ýFRQIRUPýWRýWKHýH[SRVXUHýGLVWULFWVýLQýD
75,0ï([SRýDSSOLFDWLRQï

éïêïë &21&(175$7,216ý2)ý32//87$176ý,1ý0,&52(19,5210(176

3ROOXWDQWýFRQFHQWUDWLRQVýZLOOýQHHGýWRýEHýVXSSOLHGýWRý75,0ï([SRýIRUýDOO
PLFURHQYLURQPHQWVýLQýZKLFKýVLJQLILFDQWýFRQWULEXWLRQVýWRýH[SRVXUHVýRFFXUïýý:KHQýPHDVXUHGýGDWD
DUHýXQDYDLODEOHñýWKHUHýDUHýYDULRXVýWHFKQLTXHVýIRUýHVWLPDWLQJýWKHVHýPLFURHQYLURQPHQWDO
FRQFHQWUDWLRQVïýý7KHVHýWHFKQLTXHVýDUHýGLVFXVVHGýEHORZñýZLWKýDýIRFXVýRQýZD\VýRIýHVWLPDWLQJ
PLFURHQYLURQPHQWDOýFRQFHQWUDWLRQVýRIýSROOXWDQWVýLQýDLUï

éïêïëïìýý,QGRRUý9HUVXVý2XWGRRUý&RQFHQWUDWLRQV

6WXGLHVýWKDWýVLPXOWDQHRXVO\ýPHDVXUHýLQGRRUýDQGýRXWGRRUýFRQFHQWUDWLRQVýRIýYDULRXV
SROOXWDQWVýVKRZýWKDWýQXPHURXVýIDFWRUVýDIIHFWýDýSROOXWDQW©VýDELOLW\ýWRýSHQHWUDWHýWRýWKHýLQVLGHýRIýD
EXLOGLQJýIURPýRXWGRRUVýõ-RKQVRQýHWýDOïýìääçFôïýý2QHýRIýWKHýPRVWýFRPSUHKHQVLYHýPHDVXUHPHQW
VWXGLHVýRIýLQGRRUîRXWGRRUýFRQFHQWUDWLRQVýRIýDLUýSROOXWDQWVýFRQGXFWHGýWRýGDWHýLVýWKHý7RWDOý([SRVXUH
$VVHVVPHQWý0HWKRGRORJ\ýõ7($0ôýõ8ï6ïý(3$ýìäåæôïýý7KLVýPXOWLð\HDUýVWXG\ýZDVýFRQGXFWHGýLQ
WKHýHDUO\ýWRýPLGýìäåíöVïýý'XULQJýWKHýVWXG\ñýPHDVXUHPHQWVýRIýWKHýH[SRVXUHVýRIýçííýLQGLYLGXDOVýWR
ëíýWDUJHWýFKHPLFDOVýLQýERWKýDLUýDQGýZDWHUýZHUHýPDGHïýý7KHýçííýVWXG\ýSDUWLFLSDQWVýZHUHýD
UHSUHVHQWDWLYHýVDPSOHýRIýDýWRWDOýSRSXODWLRQýRIýæííñíííýUHVLGHQWVýRIýFLWLHVýLQý1HZý-HUVH\ñý1RUWK
&DUROLQDñý1RUWKý'DNRWDñýDQGý&DOLIRUQLDïýý2QHýRIýWKHýPRVWýLPSRUWDQWýILQGLQJVýRIýWKHý7($0ýVWXG\
ZDVýWKDWýSHUVRQDOýõDLUôýDQGýLQGRRUýH[SRVXUHVýWRý92&VýDUHýQHDUO\ýDOZD\VýJUHDWHUýWKDQýRXWGRRU
OHYHOVýõ:DOODFHýHWýDOïýìääìñý8ï6ïý(3$ýìäåæôïýý7KHý7($0ýVWXGLHVýDQVZHUHGýDýTXHVWLRQýRIýHTXDO
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LPSRUWDQFHýIRUýPRGHOLQJýH[SRVXUHVýWRýDLUýSROOXWDQWVñýWKDWýLVãýý¦,VýWKHUHýDQ\ýLQGRRUýDQGýRXWGRRU
UHODWLRQVKLSýDVVRFLDWHGýZLWKýWKHýYDULDWLRQýRIýRQHýRUýPRUHýDLUýSROOXWDQWVýPHDVXUHGýVLPXOWDQHRXVO\
DWýDýUHVLGHQFH"§ýý,QýWKHý1HZý-HUVH\ý7($0ýVWXG\ñýUHVXOWVýVKRZHGýWKDWýõìôýGXULQJýWLPHVýFRQGXFLYH
WRýDFFXPXODWLRQýRIýKLJKýRXWGRRUý92&ýFRQFHQWUDWLRQVñýVXEVWDQWLDOýFRQWULEXWLRQVýWRýLQGRRUýOHYHOV
FDQýEHýPDGHñýDQGýõëôýLQýKRPHVýZKHUHýWKHUHýDUHýQRýLQGRRUýVRXUFHVýRIýDý92&ýFRPSRXQGñýWKH
LQGRRUýFRQFHQWUDWLRQýYDULDWLRQýFDQýEHýGULYHQýE\ýRXWGRRUý92&ýOHYHOVýõ/LR\ýHWýDOïýìääìôï

éïêïëïëýý0DVVý%DODQFHý0RGHOý$SSURDFK

)RUýHVWLPDWLQJýDLUýSROOXWDQWýFRQFHQWUDWLRQVýIRUýLQGRRUýPLFURHQYLURQPHQWVñý75,0ï([SR
ZLOOýLQFOXGHýWKHýRSWLRQýRIýXVLQJýDýPDVVýEDODQFHýPRGHOLQJýDSSURDFKýZKHUHýVXIILFLHQWýGDWDýH[LVWïýý,Q
JHQHUDOýWHUPVñýWKHýPDVVýEDODQFHýPRGHOýFDQýEHýGHVFULEHGýDVãýý

7KHýFKDQJHýLQýLQGRRUýSROOXWLRQýFRQFHQWUDWLRQý ý
WKHýSROOXWDQWýHQWHULQJýIURPýRXWVLGH

òýWKHýLQGRRUýJHQHUDWLRQýRIýSROOXWDQW
¥ýSROOXWDQWýOHDYLQJýWKHýLQGRRUýPLFURHQYLURQPHQW

¥ýUHPRYDOýRIýWKHýSROOXWDQWýE\ýDQýDLUýFOHDQLQJýGHYLFH
¥ýGHFD\ýRIýWKHýSROOXWDQWýLQGRRUVï

(DFKýWHUPýLQýWKHýDERYHýFRQFHSWXDOýPRGHOýUHTXLUHVýGDWDýLQSXWVïýý,PSOLFLWýLQýWKHýDERYHýWHUPVýDUH
GDWDýQHHGVýIRUýRWKHUýYDULDEOHVýVXFKýDVýLQILOWUDWLRQñýDLUýH[FKDQJHýUDWHñýVXUIDFHýUHDFWLYLW\ñýEXLOGLQJ
YROXPHñýDQGýUHFLUFXODWLRQïýý$GGLWLRQDOO\ñýDLUýH[FKDQJHýUHPRYDOýFDQýEHýVHSDUDWHGýLQWRýIUDFWLRQV
UHPRYHGýIRUýXQILOWHUHGýDQGýILOWHUHGýDLUñýDQGýVLPLODUO\ýSHQHWUDWLRQýRIýRXWGRRUýDLUýFDQýEHýVHSDUDWHG
LQWRýIUDFWLRQVýIRUýSHQHWUDWLRQýRIýILOWHUHGýDQGýXQILOWHUHGýDLUïýý$QRWKHUýIDFWRUýZKLFKýKDVýDýJUHDW
LQIOXHQFHýRQýVHYHUDOýRIýWKHVHýYDULDEOHVýLVýWKHýW\SHýDQGýXVHýRIýDLUýFRQGLWLRQLQJïýý2QHýRIýWKHýPRVW
XELTXLWRXVýVRXUFHVýRIýLQGRRUýDLUýSROOXWDQWVýLVýVPRNLQJïýý7KLVýVRXUFHýW\SHýõZKHQýSUHVHQWôýLV
UHVSRQVLEOHýIRUýHOHYDWHGýLQGRRUýFRQFHQWUDWLRQVýRIýQXPHURXVýDLUýSROOXWDQWVïýý6HFWLRQýèïëïìýRIýWKLV
UHSRUWýGHVFULEHVýLQýPRUHýGHWDLOýWKHýPDVVýEDODQFHýPRGHOýWKDWýZLOOýEHýLQFOXGHGýLQýWKHýLQLWLDO
LQKDODWLRQýSURWRW\SHýRIý75,0ï([SRï

0F&XUG\ýõìääéôýGLVFXVVHVýWKHý¦LQGRRUýGDWDýIDFWRUVýDQGýSDUDPHWHUV§ýWKDWýZHUHýUHTXLUHG
LQSXWVýWRýWKHýPDVVýEDODQFHýPRGHOýXVHGýLQýS1(0î2êïýý7KHVHýIDFWRUVñýDORQJýZLWKýVHDVRQDO
FRQVLGHUDWLRQVñýDIIHFWýKRZýPXFKýRXWGRRUýDLUýSROOXWLRQýLVýHVWLPDWHGýWRýFRPHýLQVLGHýDQGýKRZýPXFK
LQGRRUýVRXUFHVýDIIHFWýWKHýLQGRRUýH[SRVXUHVïýý)RUýWKHýS1(0î2êñýYDOXHVýIRUýPRVWýRIýWKHýYDULDEOHVýLQ
LWVýPDVVýEDODQFHýPRGHOýDUHýREWDLQHGýE\ý0RQWHý&DUORýVDPSOLQJýIURPýHPSLULFDOýGLVWULEXWLRQVýRI
PHDVXUHGýGDWDïýý7KHýYDULDEOHVýLQFOXGHýõ0F&XUG\ýìääéôã

� 3UREDELOLW\ýRIýKDYLQJýRSHQýZLQGRZVñýJLYHQýWKHýW\SHýRIýDLUýFRQGLWLRQLQJýV\VWHPýIRXQG
LQýWKHýKRPHýDQGýWKHýRXWGRRUýWHPSHUDWXUHâ

� $LUýH[FKDQJHýUDWHñýZKLFKýLVýDOVRýDIIHFWHGýE\ýWKHý¦ZLQGRZýVWDWXV§â

� 5HVLGHQWLDOýVXUIDFHðWRðYROXPHýUDWLRñýZKLFKýLVýQHFHVVDU\ýWRýGHWHUPLQHýVXUIDFHýUHDFWLYLW\
ORVVHVâýDQG
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� (PLVVLRQýUDWHVýIURPýDQ\ýLQGRRUýVRXUFHVýDQGýWKHýSUREDELOLW\ýWKDWýWKHýVRXUFHVýZLOOýEH
RSHUDWLQJýRUýQRWï

7KHUHýLVýDQýHYHUýLQFUHDVLQJýGDWDEDVHýIRUýDOOýRIýWKHýIDFWRUVýPHQWLRQHGýDERYHïýý)RUýH[DPSOHñ
WKHý6RXUFHý5DQNLQJý'DWDEDVHýSURYLGHVýGDWDýRQýLQGRRUýVRXUFHýHPLVVLRQýIDFWRUVýõ-RKQVWRQýHWýDOï
ìääçôïýý,QýDGGLWLRQñýWKHý8ï6ïý&HQVXVý%XUHDXñýDVýSDUWýRIýLWVý$PHULFDQý+RXVLQJý6XUYH\ñýURXWLQHO\
FROOHFWVýLQIRUPDWLRQýRQýKRXVLQJýDQGýEXLOGLQJýFKDUDFWHULVWLFVñýLQFOXGLQJýWKHýXVHýRIýDLU
FRQGLWLRQLQJñýPHWKRGVýRIýKHDWLQJñýVTXDUHýIRRWDJHñýDQGýQXPEHUýRIýURRPVïýý5HVHDUFKHUVýKDYH
EHFRPHýPXFKýPRUHýDZDUHýRIýWKHýLPSRUWDQFHýRIýVHHPLQJO\ýPLQRUýIDFWRUVýVXFKýDVýZKHWKHUýD
KRXVH©VýZLQGRZVýZHUHýRSHQýRUýVKXWýZKHQýFRQGXFWLQJýVWXGLHVýRIýLQGRRUýDQGýRXWGRRUýDLU
SROOXWDQWVïýý$VýDýUHVXOWñýQHZýVWXGLHVýDUHýSURYLGLQJýGLVWULEXWLRQVýIRUýWKHVHýLPSRUWDQWýIDFWRUVïý
-RKQVRQýHWýDOïýõìääçDôýSURYLGHVýDýOLWHUDWXUHýVXUYH\ýRIýUHFHQWýVWXGLHVýIRUýPDQ\ýRIýWKHVHýIDFWRUVïý
(3$ýZLOOýH[DPLQHýDYDLODEOHýGDWDEDVHVýVXFKýDVýWKHý6RXUFHý5DQNLQJý'DWDEDVHýDQGý$PHULFDQ
+RXVLQJý6XUYH\ýIRUýUHOHYDQWýLQIRUPDWLRQýRQýLQGRRUýVRXUFHVýDQGýKRXVLQJýDQGýEXLOGLQJ
FKDUDFWHULVWLFVýWKDWýFDQýEHýXVHGýLQý75,0ï([SRï

éïêïëïêýý(PSLULFDOý,QGRRUî2XWGRRUý5DWLRVý$SSURDFK

7KHýXVHýRIýHPSLULFDOýLQGRRUîRXWGRRUýUHODWLRQVKLSVýIRUýHVWLPDWLQJýSROOXWDQWýFRQFHQWUDWLRQV
IRUýLQGRRUýPLFURHQYLURQPHQWVýLVýDQýDSSURDFKýWKDWýLVýRIWHQýXVHGýZKHQýPHDVXUHGýSROOXWDQWýGDWDýRU
GDWDýQHHGHGýIRUýDýPDVVýEDODQFHýPRGHOýDUHýODFNLQJïýý7KLVýDSSURDFKýUHOLHVýRQýREVHUYHG
UHODWLRQVKLSVýEHWZHHQýRXWGRRUýFRQFHQWUDWLRQVýDQGýFRQFXUUHQWýLQGRRUýRUýLQðYHKLFOH
PLFURHQYLURQPHQWDOýFRQFHQWUDWLRQVýIRUýVHOHFWHGýSROOXWDQWVïýý7KHý+D]DUGRXVý$LUý3ROOXWDQW
([SRVXUHý0RGHOýõ+$3(0éôñýDýPRGHOýVLPLODUýWRýS1(0ñýXVHVýWKLVýDSSURDFKýIRUýHVWLPDWLQJýLQGRRU
DQGýLQðYHKLFOHýPLFURHQYLURQPHQWDOýFRQFHQWUDWLRQVïýý7KHý+$3(0éýXVHVýDýPHWKRGýRI
LQGRRUîRXWGRRUýUDWLRVýFDOOHGý¦PLFURHQYLURQPHQWDOýõ0(ôýIDFWRUV§ýIRUýGHWHUPLQLQJýWKHýSROOXWDQW
FRQFHQWUDWLRQýLQýHDFKýLQGRRUýRUýLQðYHKLFOHýPLFURHQYLURQPHQWï

7KHý(3$©Vý2$436ýLVýFXUUHQWO\ýFROOHFWLQJýDQGýDQDO\]LQJýGDWDýUHOHYDQWýWRýWKHýGHYHORSPHQW
RIý0(ýIDFWRUVýIRUý+$3VýFRUUHVSRQGLQJýWRýWKRVHýDGGUHVVHGýLQý6HFWLRQýììëõNôýRIýWKHý&OHDQý$LUý$FW
$PHQGPHQWVýRIýìääíïýý(YHQWXDOO\ñý0(ýIDFWRUVýZLOOýEHýGHYHORSHGýIRUýDOOý+$3VýOLVWHGýXQGHUý7LWOH
,,,ýRIýWKHý&$$ïýý,QýDGGLWLRQýWRýWKHýWUDGLWLRQDOý0(ýIDFWRUýõDOVRýUHIHUUHGýWRýDVýWKHýSHQHWUDWLRQ
IDFWRUôñýGDWDýZLOOýEHýFROOHFWHGýZKHQHYHUýSRVVLEOHýIRUýDýVHSDUDWHýIDFWRUýUHODWLQJýWKHýFORVHQHVVýRI
NH\ýVRXUFHVýWRýDýPLFURHQYLURQPHQWïýý5HIHUUHGýWRýDVýWKHýSUR[LPLW\ýIDFWRUñýWKLVýIDFWRUýDFFRXQWVýIRU
WKHýKLJKHUýFRQFHQWUDWLRQVýXVXDOO\ýH[SHFWHGýZKHQýDýUHFHSWRUýPRYHVýFORVHUýWRýDýVRXUFHïýýý7KH
UHVXOWLQJý0(ýIDFWRUVýXVHGýLQý+$3(0éýDUHýJLYHQýE\ýWKHýH[SUHVVLRQã

õéðìêô[ ][ ][ ]{ }& L N W FT N FT & L W FT N FTLQ RXWõ ñ ñ ñ ô õ ñ ô õ ñ ñ ô õ ñ ô= γ α

ZKHUHã
&LQõLñNñWñFTôý  $YHUDJHýSROOXWDQWýFRQFHQWUDWLRQýLQýPLFURHQYLURQPHQWýNýDW

H[SRVXUHýGLVWULFWýLýGXULQJýWLPHýVWHSýWýIRUýFDOHQGDUýTXDUWHUýFTï
õõNñFTô  3HQHWUDWLRQýIDFWRUýõUHODWHVýRXWGRRUýFRQFHQWUDWLRQýWRýLQGRRUýRUýLQð

YHKLFOHýPLFURHQYLURQPHQWDOýFRQFHQWUDWLRQôï
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&RXWõLñWñFTô  $PELHQWýSROOXWDQWýFRQFHQWUDWLRQýWDNHQýDWýDýIL[HGðVLWHýPRQLWRUýRU
IURPýDýPRGHOHGýYDOXHï

ûõNñFTô  3UR[LPLW\ýIDFWRUýõUHODWHVýWKHýFORVHQHVVýRIýNH\ýVRXUFHVýWRýD
PLFURHQYLURQPHQWôï

1RWHýWKDWýWKHý0(ýIDFWRUVýW\SLFDOO\ýGRýQRWýYDU\ýE\ýH[SRVXUHýGLVWULFWýRUýIURPýRQHýWLPHýVWHSýWRýWKH
QH[Wïýý+RZHYHUñýWKH\ýPD\ýEHýDIIHFWHGýE\ýFDOHQGDUýTXDUWHUýõLïHïñýE\ýVHDVRQôï

éïêïê $&7,9,7<ý3$77(51ý'$7$

$FWLYLW\ýSDWWHUQýGDWDýDUHýXVHGýWRýGHWHUPLQHýWKHýIUHTXHQF\ýDQGýGXUDWLRQýRIýH[SRVXUHýIRU
VSHFLILFýJURXSVýZLWKLQýYDULRXVýPLFURHQYLURQPHQWVïýý$VýPHQWLRQHGýLQý&KDSWHUýëñýLQIRUPDWLRQýRQ
DFWLYLW\ýSDWWHUQVýDUHýWDNHQýIURPýPHDVXUHGýGDWDýFROOHFWHGýGXULQJýGHPRJUDSKLFýVXUYH\VýRI
LQGLYLGXDOV©ýGDLO\ýDFWLYLWLHVñýWKHýDPRXQWýRIýWLPHýVSHQWýHQJDJHGýLQýWKRVHýDFWLYLWLHVñýDQGýWKH
ORFDWLRQVýZKHUHýWKHýDFWLYLWLHVýRFFXUïýý7ZRýFRPPRQýPHWKRGVýIRUýFROOHFWLQJýWKHVHýGDWDýDUHýWKURXJK
GLDU\ýVWXGLHVýDQGýDFWLYLW\ýUHFDOOýVWXGLHVïýý'LDU\ýVWXGLHVýLQYROYHýDýYROXQWHHUýFDUU\LQJýDýVSHFLDOO\
GHVLJQHGýWLPHðDFWLYLW\ýGLDU\ýZLWKýWKHPýGXULQJýWKHLUýGDLO\ýURXWLQHïýý7KH\ýXVHýWKHýGLDU\ýWRýUHFRUG
WKHýVWDUWýWLPHýRIýWKHýDFWLYLW\ñýWKHLUýORFDWLRQýDWýWKHýWLPHñýDýGHVFULSWLRQýRIýWKHýDFWLYLW\ñýWKHýWLPHýWKH
DFWLYLW\ýHQGHGýRUýFKDQJHGýWRýDQRWKHUýRQHñýDQGñýVRPHWLPHVñýDQýHVWLPDWHýRIýWKHLUýEUHDWKLQJýUDWHïý
'LDULHVýFDQýEHýGHVLJQHGýWRýREWDLQýDGGLWLRQDOýLQIRUPDWLRQýIRUýVSHFLILFýSXUSRVHVýRUýVWXG\
UHTXLUHPHQWVïýý,QýDQýDFWLYLW\ýUHFDOOýVWXG\ñýUHVSRQGHQWVýDUHýDVNHGýWRýFRPSOHWHýDýTXHVWLRQQDLUHýWKDW
GHWDLOVýWKHLUýDFWLYLWLHVýIURPýPHPRU\ïýý7KHýUHVSRQGHQWýLVýW\SLFDOO\ýDVNHGýWRýUHFDOOýKLVýRUýKHU
DFWLYLWLHVýDWýWKHýHQGýRIýHDFKýGD\ýIRUýWKHýSUHFHGLQJýëéðKRXUýSHULRGïýý'DWDýIURPýWKLVýW\SHýRIýVWXG\
DUHýXVXDOO\ýQRWýDVýGHWDLOHGýDVïýý+RZHYHUñýDFWLYLW\ýUHFDOOýVWXGLHVýFDQýJHQHUDOO\ýEHýFRQGXFWHGýRQ
ODUJHUýSRSXODWLRQVýWKDQýGLDU\ýVWXGLHVñýVLQFHýODUJHýQXPEHUVýRIýUHVSRQGHQWVýFDQýEHýFRQWDFWHGýE\
WHOHSKRQHï

,QýDGGLWLRQýWRýUHFRUGLQJýWKHýGXUDWLRQýDQGýORFDWLRQýRIýDýSHUVRQ©VýDFWLYLWLHVñýLPSRUWDQW
GHPRJUDSKLFýLQIRUPDWLRQýDERXWýWKHýSHUVRQýLVýDOVRýWKHQýFROOHFWHGïýý7KHýGHPRJUDSKLFýLQIRUPDWLRQ
XVXDOO\ýLQFOXGHVýWKHýSHUVRQ©VýDJHñýJHQGHUñýDQGýHWKQLFýJURXSïýý0RVWýDFWLYLW\ýSDWWHUQýVWXGLHVýDOVRýWU\
WRýFROOHFWýLQIRUPDWLRQýRQýRWKHUýDWWULEXWHVýRIýDýUHVSRQGHQWñýVXFKýDVýKLJKHVWýOHYHOýRIýHGXFDWLRQ
FRPSOHWHGñýQXPEHUýRIýSHRSOHýLQýWKHLUýKRXVHKROGñýZKHWKHUýWKHýSHUVRQýRUýDQ\RQHýLQýWKHLUýKRXVHKROG
LVýDýVPRNHUñýHPSOR\PHQWýVWDWXVñýDQGýWKHýQXPEHUýRIýKRXUVýVSHQWýRXWGRRUVïýý7KHVHýDUHýDýVDPSOHýRI
WKHýSRVVLEOHýLWHPVýWKDWýPLJKWýEHýUHTXHVWHGýRQýDýTXHVWLRQQDLUHï

2QHýRIýWKHýODUJHVWýGDWDEDVHVýIRUýKXPDQýDFWLYLW\ýSDWWHUQýGDWDýLVý(3$©Vý&RPSUHKHQVLYH
+XPDQý$FWLYLW\ý'DWDEDVHýõ&+$'ôýõ*OHQýHWýDOïýìääæôïýý&+$'ýLVýFRPSULVHGýRIýQHDUO\ýìæñííí
SHUVRQðGD\VýRIýDFWLYLW\ýSDWWHUQýGDWDïýý$WýSUHVHQWñýìéíýDFWLYLWLHVýDQGýììéýORFDWLRQVýDUHýLQFOXGHGýLQ
&+$'ïýý7KHýGDWDýKDYHýEHHQýFROOHFWHGýDQGýRUJDQL]HGýIURPýHLJKWýKXPDQýDFWLYLW\ýSDWWHUQýVXUYH\Vïý
&+$'ýFRQWDLQVýWKHýVHTXHQWLDOýSDWWHUQVýRIýDFWLYLWLHVýIRUýHDFKýLQGLYLGXDOïýý(DFKýDFWLYLW\ýKDVýD
FRUUHVSRQGLQJýORFDWLRQýFRGHýVRýWKDWýWKHýPLFURHQYLURQPHQWýRIýHDFKýDFWLYLW\ýLVýNQRZQïýý7KH
DFWLYLWLHVýLQý&+$'ýUDQJHýIURPýRQHýPLQXWHýWRýPXOWLSOHýKRXUVýLQýGXUDWLRQýõDFWLYLWLHVýORQJHUýWKDQ
RQHýKRXUýDUHýEURNHQýLQWRýVHJPHQWVýDQGýGRýQRWýFURVVýRYHUýIURPýRQHýFORFNýKRXUýWRýWKHýQH[Wôïýý7KH
&+$'ýDOVRýSURYLGHVýDQýLQGLFDWRUýRIýWKHýUDWHýRIýHQHUJ\ýH[SHQGLWXUHýGXULQJýDýSDUWLFXODUýDFWLYLW\ýIRU
HDFKýH[SRVXUHýHYHQWïýý7KLVýLQGLFDWRUýLVýWKHýPHWDEROLFýHTXLYDOHQWVýRUý¦0(7V§ýõVHHý6HFWLRQýçïìïè
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IRUýDýGHVFULSWLRQôïýý,QýDGGLWLRQñý&+$'ýLQFOXGHVýDQýHVWLPDWHýRIýWKHýERG\ýPDVVýIRUýHDFKýLQGLYLGXDOïý
7KLVýSDUDPHWHUýLVýLPSRUWDQWýIRUýFDOFXODWLQJýXSWDNHýDQGýGRVHýõ0F&XUG\ýìäääôï

7KHý75,0ï([SRýPRGXOHýZLOOýKDYHýWKHýDELOLW\ýWRýXVHýWKHýGDWDýLQý&+$'ýRUñýDOWHUQDWLYHO\ñ
XVHýWKHýGDWDýIURPýDýSDUWLFXODUýVXUYH\ýGLUHFWO\ñýSURYLGLQJýWKHýGDWDýDUHýIRUPDWWHGýSURSHUO\ïýý7KH
&+$'ýZLOOýEHýXSGDWHGýSHULRGLFDOO\ýDVýDGGLWLRQDOýGDWDýIURPýQHZýWLPHîDFWLYLW\ýSDWWHUQýVXUYH\V
EHFRPHýDYDLODEOHïýý,QýWKLVýZD\ñýDýXVHUýKDVýWKHýWZRýRSWLRQýPHQWLRQHGýDERYHýIRUýXVLQJýWLPHîDFWLYLW\
VXUYH\ýGDWDýLQý75,0ï([SRï

éïêïé '(02*5$3+,&ý$1'ý$7ð5,6.ý3238/$7,21ý'$7$

2QHýRIýWKHýSXUSRVHVýRIý75,0ï([SRýLVýWRýSHUIRUPýDQDO\VHVýIRUýVXEVHWVýRIýWKHýSRSXODWLRQ
WKDWýDUHýSDUWLFXODUO\ýDWýULVNýWRýH[SRVXUHýWRýSROOXWDQWVýEHFDXVHýRIýDJHýRUýSUHH[LVWLQJýPHGLFDO
FRQGLWLRQVïýý7KHUHýDUHýPDQ\ýVRXUFHVýRIýLQIRUPDWLRQýGHWDLOLQJýWKHýGHPRJUDSKLFýFKDUDFWHUýRIýWKH
SRSXODWLRQýIRUýWKHý8ï6ïýý7KHýRULJLQDWLQJýVRXUFHýIRUýPRVWýRIýWKLVýLQIRUPDWLRQýLVýWKHý%XUHDXýRIýWKH
&HQVXVýõ%2&ôñýZKLFKýFRPSLOHVýGHWDLOHGýGHPRJUDSKLFýLQIRUPDWLRQýDERXWýWKHý8ï6ïýSRSXODWLRQ
HYHU\ýWHQý\HDUVïýý7KHýLQIRUPDWLRQýLVýFROOHFWHGýIRUýWKHýHQWLUHýFRXQWU\ýDWýWKHýFHQVXVý¦WUDFW§ýOHYHOýRU
IRUýWKHýVPDOOHUýFHQVXVý¦EORFNï§ýý&HQVXVýWUDFWVýDUHýVPDOOñýUHODWLYHO\ýSHUPDQHQWýVWDWLVWLFDO
VXEGLYLVLRQVýRIýDýFRXQW\ïýý&HQVXVýWUDFWVýXVXDOO\ýLQFOXGHýEHWZHHQýëñèííýDQGýåñíííýSHUVRQVïý
&HQVXVýWUDFWVýGRýQRWýFURVVýFRXQW\ýERXQGDULHVïýý7KHýVSDWLDOýVL]HýRIýFHQVXVýWUDFWVýYDULHVýZLGHO\
GHSHQGLQJýRQýWKHýSRSXODWLRQýGHQVLW\ýRIýWKHýDUHDïýý&HQVXVýEORFNVýDUHýVPDOOHUýWKDQýFHQVXVýWUDFWVýLQ
DUHDOýH[WHQWï

7KHý%2&ýFROOHFWVýGDWDýRQýQXPHURXVýDVSHFWVýRIýWKHýGHPRJUDSKLFýFKDUDFWHUýRIý8ï6ï
FLWL]HQVñýLQFOXGLQJýQDWLRQDOýDQGýVWDWHýSRSXODWLRQýWUHQGVýDQGýSURMHFWLRQVâýJHRJUDSKLFDOýPRELOLW\â
VFKRROýHQUROOPHQWâýHGXFDWLRQDOýDWWDLQPHQWâýKRXVHKROGVýDQGýIDPLOLHVâýPDULWDOýVWDWXVýDQGýOLYLQJ
DUUDQJHPHQWVâýIHUWLOLW\âýFKLOGýFDUHýDUUDQJHPHQWVâýFKLOGýVXSSRUWâýGLVDELOLW\âýKHDOWKýLQVXUDQFHâýODERU
IRUFHýDQGýRFFXSDWLRQâýLQFRPHýDQGýSRYHUW\âýDQGýFKDUDFWHULVWLFVýRIýYDULRXVýHWKQLFýDQGýHOGHUO\
SRSXODWLRQVïýý0XFKýRIýWKLVýLQIRUPDWLRQýFDQýEHýXVHIXOýIRUýXQGHUVWDQGLQJýWKHýGHPRJUDSKLFýSDWWHUQV
WKDWýSXWýVHJPHQWVýRIýWKHýSRSXODWLRQýDWýULVNýIURPýH[SRVXUHVýWRýHQYLURQPHQWDOýSROOXWDQWVï

$OWKRXJKýWKHýFHQVXVýLVýDýJRRGýVRXUFHýRIýLQIRUPDWLRQýDERXWýWKHýJHRJUDSKLFñýKRXVLQJñ
EXVLQHVVýUHODWHGñýDQGýGHPRJUDSKLFýFKDUDFWHULVWLFVýRIýWKHý8ï6ïýSRSXODWLRQñýLWýLVýOLPLWHGýLQýWKH
DPRXQWýRIýLQIRUPDWLRQýDYDLODEOHýDERXWýWKHýJHQHUDOýKHDOWKýVWDWXVýRIýWKHýSRSXODWLRQïýý+RZHYHUñ
WKHUHýDUHýRWKHUýVRXUFHVýRIýLQIRUPDWLRQýDYDLODEOHýDERXWýWKHýLQFLGHQFHýRIýGLVHDVHVýDQGýLOOQHVVHVýLQ
WKHý8ï6ïýý)RUýH[DPSOHñýWKHý1DWLRQDOý&HQWHUýIRUý+HDOWKý6WDWLVWLFVýõ1&+6ôýSXEOLVKHVýGDWDýIURPýLWV
1DWLRQDOý+HDOWKý,QWHUYLHZý6XUYH\ýõ1+,6ôïýý7KHýKRXVHKROGVýVHOHFWHGýWRýEHýLQWHUYLHZHGýHDFKýZHHN
LQýWKHý1+,6ýDUHýDýSUREDELOLW\ýVDPSOHýUHSUHVHQWDWLYHýRIýWKHýWDUJHWýSRSXODWLRQïýý'DWDýDUHýFROOHFWHG
DQQXDOO\ýIURPýDSSUR[LPDWHO\ýéêñíííýKRXVHKROGVýLQFOXGLQJýDERXWýìíçñíííýSHUVRQVïýý'DWD
FROOHFWHGýLQFOXGHVýKRXVHKROGýFRPSRVLWLRQñýVRFLRGHPRJUDSKLFýFKDUDFWHULVWLFVñýEDVLFýLQGLFDWRUVýRI
KHDOWKýVWDWXVñýDQGýXWLOL]DWLRQýRIýKHDOWKýFDUHýVHUYLFHVïýý2WKHUýLQIRUPDWLRQýVRXUFHVýSXEOLVKHGýE\
1&+6ýLQFOXGHýWKHý1DWLRQDOý+HDOWKýDQGý1XWULWLRQý([DPLQDWLRQý6XUYH\ñý$PEXODWRU\ý+HDOWKý&DUH
'DWDñýDQGýWKHý1DWLRQDOý0DWHUQDOýDQGý,QIDQWý+HDOWKý6XUYH\ïý7KHVHýGDWDEDVHVýFDQýEHýXVHGýWR
HVWLPDWHýWKHýVL]HýRIýYDULRXVýDWðULVNýSRSXODWLRQýJURXSVï
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$LUý([FKDQJHý5DWHVý÷
%XLOGLQJý9ROXPHV

(PLVVLRQý5DWHVýDQG
8VHý3DWWHUQVýIRU
,QGRRUý6RXUFHV

õHïJïñýJDVýDSSOLDQFHVñ
SDVVLYHýVPRNLQJô

$PELHQWý)L[HGð6LWH
&RQFHQWUDWLRQV

$LUý4XDOLW\ý6SHFLILFDWLRQ

ý0DVVý%DODQFHý0RGHO
IRUý,QGRRU

0LFURHQYLURQPHQWV
([SRVXUHý$OJRULWKPV

6HDVRQDOý&RQVLGHUDWLRQV
õ7HPSHUDWXUHô

+XPDQý$FWLYLW\ýDQG
([HUWLRQý3DWWHUQV

3RSXODWLRQý÷
&RPPXWLQJý'DWD

'LVWULEXWLRQýRIý3HRSOHýDQG
2FFXUUHQFHVýRIý([SRVXUHV
/LQNHGýZLWKý%UHDWKLQJý5DWH

2XWGRRU
0LFURHQYLURQPHQW
&RQFHQWUDWLRQV

èï ,1+$/$7,21

7KLVýFKDSWHUýSURYLGHVýGHWDLOVýRIýWKHýLQKDODWLRQýFRPSRQHQWýRIý75,0ï([SRïýý7KHýVWUXFWXUH
RIýWKHýLQKDODWLRQýFRPSRQHQWýZLOOýEHýFRQVLVWHQWýZLWKýWKHýFRQFHSWXDOL]HGýIUDPHZRUNýIRU
75,0ï([SRýGHVFULEHGýLQý&KDSWHUýéïýý,QýDGGLWLRQñýWKHýLQLWLDOýGHYHORSPHQWýRIýWKHýLQKDODWLRQ
FRPSRQHQWýZLOOýEHýEDVHGýRQýWKHýORJLFýRIýS1(0ïýý7KLVýZLOOýSURYLGHýDýILUPýVFLHQWLILFýIRXQGDWLRQ
IRUý75,0ï([SR©VýLQKDODWLRQýH[SRVXUHýDOJRULWKPVñýVRýWKDWýWKH\ýDUHýUHVSRQVLYHýWRý2$436©ýQHHG
IRUýDýVFLHQWLILFDOO\ðVRXQGñýKXPDQýH[SRVXUHýPRGHOýIRUýLQKDODWLRQï

èïì 29(59,(:ý2)ý7+(ý$3352$&+

%HFDXVHýRIýWKHýIOH[LEOHýVWUXFWXUHýRIý75,0ï([SRñýZKHQýSHUIRUPLQJýDQýLQKDODWLRQýH[SRVXUH
DVVHVVPHQWñýWKHýXVHUýPXVWýPDNHýDýQXPEHUýRIýVHOHFWLRQVýUHJDUGLQJýWKHýLQSXWýSDUDPHWHUVïýý7KH
IROORZLQJýVL[ýVXEVHFWLRQVýSURYLGHýWKHýJHQHUDOL]HGýDSSURDFKýIRUýPRGHOLQJýLQKDODWLRQýH[SRVXUHVýLQ
75,0ï([SRïýý7KLVýDSSURDFKýLVýDGRSWHGýIURPýS1(0î&2ýõ-RKQVRQýHWýDOïýìäääôïýý)LJXUHýèðìýLVýD
VFKHPDWLFýUHSUHVHQWDWLRQýRIýWKHýYDULRXVýLQSXWýSDUDPHWHUVýDQGýWKHýUHVXOWLQJýRXWSXWýRIýS1(0î&2ï

)LJXUHýèðì
6FKHPDWLFý5HSUHVHQWDWLRQýRIýWKHý,QSXWý3DUDPHWHUVý

DQGý5HVXOWLQJý2XWSXWýRIýS1(0î&2
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èïìïì 6(/(&7,21ý2)ý678'<ý$5($

ýý7KHýVWXG\ýDUHDýIRUýLQKDODWLRQýH[SRVXUHVýFDQýEHýXVHUðGHILQHGýVRýORQJýDVýHVWLPDWHVýRI
RXWGRRUýDLUýFRQFHQWUDWLRQVýIRUýWKHýSROOXWDQWõVôýRIýLQWHUHVWýDUHýDYDLODEOHïýý7KHýGDWDýRQýRXWGRRU
FRQFHQWUDWLRQVýFDQýEHýWDNHQýIURPýDPELHQWñýIL[HGðVLWHýPRQLWRUVýRUýDOWHUQDWLYHO\ýFDQýEHýFDOFXODWHG
XVLQJýHLWKHUýDQýDLUýTXDOLW\ýGLVSHUVLRQýPRGHOýõHïJïñýWKHý,QGXVWULDOý6RXUFHý&RPSOH[ñýRUý,6&ñýPRGHOôñ
75,0ï)D7(ñýRUýRWKHUýDLUýTXDOLW\ýPRGHOVïýý,Qý75,0ï)D7(ñýWKHýDPELHQWýDLUýFRPSDUWPHQWýLV
FKDUDFWHUL]HGýLQýWHUPVýRIýLWVýJDVýSKDVHñýSDUWLFXODWHýPDWWHUñýDQGýZDWHUýFRPSRVLWLRQï

7KHýVWXG\ýDUHDýLVýGLYLGHGýLQWRýH[SRVXUHýGLVWULFWVïýý7KHýH[SRVXUHýGLVWULFWVýDUHýVSDWLDOýDUHDV
ZLWKýGHILQHGýERXQGDULHVýõHLWKHUýSK\VLFDOýRUýSROLWLFDOôïýý,IýDPELHQWýPRQLWRULQJýGDWDýDUHýXVHGñýWKHQ
WKHýH[SRVXUHýGLVWULFWýPD\ýEHýGHILQHGýDVýWKHýDUHDýZLWKLQýDýJLYHQýGLVWDQFHýRIýWKHýPRQLWRUïýý,I
PRGHOHGýDLUýTXDOLW\ýGDWDýDUHýXVHGñýWKHýH[SRVXUHýGLVWULFWýFDQýEHýGHILQHGýDFFRUGLQJýWRýWKHýUHVROXWLRQ
RIýWKHýPRGHOHGýGDWDïýý0RGHOHGýDLUýTXDOLW\ýGDWDýWKDWýDUHýRUJDQL]HGýLQýDýJULGGHGýSDWWHUQýFDQýKDYH
WKHýH[SRVXUHýGLVWULFWVýGHILQHGýIRUýHDFKýPRGHOHGýJULGðVTXDUHýRUýIRUýDJJUHJDWLRQVýRIýJULGýVTXDUHVïý
$OWHUQDWLYHO\ñýDýPRGHOHGýJULGðVTXDUHýYDOXHýFDQýEHýDVVRFLDWHGýZLWKýDýJHRSROLWLFDOýDUHDýIRUýZKLFK
GHPRJUDSKLFýLQIRUPDWLRQýLVýDYDLODEOHïýý)RUýH[DPSOHñýDýPRGHOHGýYDOXHýFRXOGýEHýDVVLJQHGýWRýWKH
FHQVXVðWUDFWýWRýZKLFKýLWýEHORQJVñýWKXVýUHODWLQJýFDOFXODWHGýRXWGRRUýFRQFHQWUDWLRQVýWRýWKHýSRSXODWLRQ
LQIRUPDWLRQýVSHFLILHGýLQýFHQVXVýGDWDï

èïìïë 6(/(&7,21ý2)ý3238/$7,216ý2)ý,17(5(67

:KHQýFRQGXFWLQJýDQýH[SRVXUHýDVVHVVPHQWýXVLQJý75,0ï([SRñýWKHýXVHUýPD\ýVHOHFWýD
VSHFLILFýSRSXODWLRQýJURXSñýRUýDýVHWýRIýJURXSVñýIRUýZKLFKýH[SRVXUHVýZLOOýEHýHVWLPDWHGïýý*URXSVýFDQ
EHýGHILQHGýE\ýDQ\ýQXPEHUýRIýDWWULEXWHVýLQFOXGLQJýDJHñýJHQGHUñýIDPLO\ýLQFRPHñýZRUNýVWDWXVñýKHDOWK
VWDWXVýõHïJïñýKHDUWýGLVHDVHýSDWLHQWVôñýRUýSUR[LPLW\ýWRýSDUWLFXODUýHPLVVLRQýVRXUFHVýõHïJïñýQDWXUDOýJDV
FRRNLQJýIXHOôïýý6LQFHýWKHýPRYHPHQWVýDQGýGDLO\ýDFWLYLWLHVýRIýWKHýSRSXODWLRQýRIýLQWHUHVWýZLOO
GHWHUPLQHýZKLFKýH[SRVXUHýPHGLDýWKHýLQGLYLGXDOVýFRQWDFWýDQGýLQýZKLFKýH[SRVXUHýGLVWULFWVýWKH
FRQWDFWVýRFFXUñýGDWDýDERXWýWKHýEHKDYLRUýRIýWKHýSRSXODWLRQýDUHýUHTXLUHGïýý7\SLFDOO\ñýWKHýHQWLUH
SRSXODWLRQýIRUýDOOýRIýWKHýH[SRVXUHýGLVWULFWVýLQýWKHýVWXG\ýDUHDýLVýLQFOXGHGïýý7KHQñýWKURXJKýWKH
VHOHFWLRQýRIýFRKRUWVñýGLVFXVVHGýEHORZñýH[SRVXUHýIRUýVXEVHWVýRIýWKHýSRSXODWLRQýDUHýHVWLPDWHGïý
&KDUDFWHULVWLFVýIRUýGHILQLQJýFRKRUWVýFDQýEHýJHRJUDSKLFýIDFWRUVñýGHPRJUDSKLFýIDFWRUVñýRUýERWKïý
$OWHUQDWLYHO\ñýWKHýXVHUýPD\ýVSHFLI\ýDýVHWýRIýLQGLYLGXDOVýIRUýDQýH[SRVXUHýDVVHVVPHQWïýý,QýWKLVýFDVHñ
WKHýXVHUýVXSSOLHVýDGGLWLRQDOýLQIRUPDWLRQýDERXWýWKHýLQGLYLGXDOVñýDVýGLVFXVVHGýEHORZï

èïìïê '(),1,7,21ý2)ý3238/$7,21ý&2+2576

)RUýDQýH[SRVXUHýDQDO\VLVýXVLQJýJURXSVñýWKHýSRSXODWLRQýRIýLQWHUHVWñýRQFHýFKRVHQñýLVýGLYLGHG
LQWRýJURXSVýZLWKýVLPLODUýDWWULEXWHVâýWKHVHýJURXSVýDUHýFDOOHGýFRKRUWVïýý(DFKýFRKRUWýLVýDVVXPHGýWR
FRQWDLQýSHUVRQVýZLWKýVLPLODUýH[SRVXUHVýWKDWýDUHýWDNHQýIURPýWKHýVDPHýSUREDELOLW\ýGLVWULEXWLRQïý
(DFKýSHUVRQýLVýDVVRFLDWHGýZLWKýRQO\ýRQHýFRKRUWïýý7KHýXVHýRIýFRKRUWVýLVýDýXVHIXOýWHFKQLTXHýZKHQ
HVWLPDWLQJýWKHýH[SRVXUHVýRIýDýODUJHýSRSXODWLRQýZLWKýLQDGHTXDWHýLQIRUPDWLRQýDERXWýHDFK
LQGLYLGXDO©VýDFWLYLW\ýSURILOHïýý$JJUHJDWLQJýLQIRUPDWLRQýDERXWýSHRSOHýZKRýDUHýH[SHFWHGýWRýKDYH
VLPLODUýH[SRVXUHVýPDNHVýEHWWHUýXVHýRIýWKHýOLPLWHGýGDWDýWKDWýDUHýDYDLODEOHï
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&RKRUWýH[SRVXUHýLVýW\SLFDOO\ýDVVXPHGýWRýEHýDýIXQFWLRQýRIýGHPRJUDSKLFýJURXSñýORFDWLRQýRI
UHVLGHQFHñýDQGýORFDWLRQýRIýZRUNýRUýVFKRROïýý$ýGHPRJUDSKLFýJURXSýLVýFRPSULVHGýRIýDOOýLQGLYLGXDOV
WKDWýVKDUHýRQHýRUýPRUHýGHPRJUDSKLFýIHDWXUHVñýVXFKýDVýDýSDUWLFXODUýDJHýõRUýDJHýUDQJHôñýJHQGHUñ
HWKQLFýEDFNJURXQGñýRUýRFFXSDWLRQïýý6SHFLI\LQJýWKHýKRPHýDQGýFRPPXWLQJýGLVWULFWýRIýHDFKýFRKRUW
SURYLGHVýDýPHDQVýRIýOLQNLQJýFRKRUWýH[SRVXUHýWRýDPELHQWýFRQFHQWUDWLRQVïýý6SHFLI\LQJýWKH
GHPRJUDSKLFýJURXSýSURYLGHVýDýPHDQVýRIýOLQNLQJýFRKRUWýH[SRVXUHýWRýDFWLYLW\ýSDWWHUQVýWKDWýYDU\
ZLWKýDJHñýZRUNýRUýVFKRROýVWDWXVñýDQGýRWKHUýGHPRJUDSKLFýYDULDEOHVïýý,QýVRPHýDQDO\VHVñýFRKRUWVýDUH
IXUWKHUýGLVWLQJXLVKHGýDFFRUGLQJýWRýIDFWRUVýUHODWLQJýWRýSUR[LPLW\ýWRýHPLVVLRQýVRXUFHVýõHïJïñýDQ
LQGRRUýVRXUFHýVXFKýDVýDýJDVýVWRYHôýRUýWLPHýVSHQWýLQýSDUWLFXODUýPLFURHQYLURQPHQWVï

èïìïé '(9(/23ý$1ý,1+$/$7,21ý(;32685(ð(9(17ý6(48(1&(ý)25ý($&+
&2+257

:KHQýSHUIRUPLQJýDQýLQKDODWLRQýH[SRVXUHýDQDO\VLVýXVLQJý75,0ï([SRñýLQIRUPDWLRQýLV
QHHGHGýDERXWýHDFKý¦ORFDWLRQ§ýWKDWýHDFKýLQGLYLGXDOýRUýFRKRUWýYLVLWVýGXULQJýWKHLUýGDLO\ýDFWLYLWLHV
õHïJïñýLQýWKHýNLWFKHQýDWýKRPHñýRXWGRRUVýDWýVFKRROñýLQGRRUVýDWýZRUNôïýý7KHVHýORFDWLRQVýDUHýFDOOHG
PLFURHQYLURQPHQWVïýý$QýLPSRUWDQWýIHDWXUHýRIý75,0ï([SRýLVýWKHýDELOLW\ýRIýWKHýXVHUýWRýYDU\ýWKH
VFDOHýRIýWKHýPLFURHQYLURQPHQWVýWRýLQGLYLGXDOýPRGHOýDSSOLFDWLRQVïýý7KLVýIHDWXUHýLVýLPSRUWDQW
EHFDXVHýLWýDOORZVýWKHýXVHUýWRýUHODWHýWKHýVL]HýRIýDýPLFURHQYLURQPHQWýWRýWKHýSRWHQWLDOýIRUýH[SRVXUH
IURPýGLIIHUHQWýSROOXWDQWVï

,Qý75,0ï([SRñýWKHýLQKDODWLRQýH[SRVXUHýRIýHDFKýLQGLYLGXDOýRUýFRKRUWýLVýGHWHUPLQHGýE\ýDQ
H[SRVXUHðHYHQWýVHTXHQFHýVSHFLILFýWRýWKHýLQGLYLGXDOýRUýFRKRUWïýý)XUWKHUPRUHñýWKHýH[SRVXUHðHYHQW
VHTXHQFHýIRUýDýSDUWLFXODUýFRKRUWýDSSOLHVýWRýDOOýLQGLYLGXDOVýLQýWKDWýFRKRUWïýý7KHýH[SRVXUHðHYHQW
VHTXHQFHýLVýDýFKURQRORJLFDOO\ðRUGHUHGýVHULHVýRIýHYHQWVýZKLFKýLGHQWLILHVýORFDWLRQVýDQGýDFWLYLWLHV
DQGýWKHýDPRXQWýRIýWLPHýVSHQWýSHUIRUPLQJýHDFKýDFWLYLW\ýLQýHDFKýORFDWLRQïýý,QýDGGLWLRQñýWKH
H[SRVXUHðHYHQWýVHTXHQFHýLVýVSHFLILFýWRýWKHýGD\ýRIýWKHýZHHNïýý7KHýLQIRUPDWLRQýDERXWýWKHýGD\ýRIýWKH
ZHHNýLVýREWDLQHGýIURPýWKHýDFWLYLW\ýSDWWHUQýGDWDEDVHïýý(DFKýH[SRVXUHðHYHQWýVHTXHQFHýFRQVLVWVýRIýD
VHULHVýRIýHYHQWVýZLWKýGXUDWLRQVýUDQJLQJýIURPýìýWRýçíýPLQXWHVïýý2QFHýDQýH[SRVXUHðHYHQWýVHTXHQFH
LVýVHOHFWHGýWRýUHSUHVHQWýWKHýGDLO\ýH[SRVXUHýRIýDýFRKRUWñýLWýLVýIROORZHGýWKURXJKýIRUýDQýHQWLUHýëéðKRXU
SHULRGïýý$ýGLIIHUHQWýH[SRVXUHðHYHQWýVHTXHQFHýLVýVHOHFWHGýIRUýHDFKýGD\ýLQýWKHýVWXG\ýSHULRGïýý7KH
75,0ï([SRýPRGXOHýUHWDLQVýWKHýLQIRUPDWLRQýDERXWýWKHýGD\ýRIýWKHýZHHNýDQGýVHDVRQýWKURXJKRXWýWKH
HQWLUHýDQDO\VLVýEHFDXVHýWKHVHýYDULDEOHVýFDQýDIIHFWýH[SRVXUHýUHVXOWVïýý(DFKýH[SRVXUHýHYHQWýDVVLJQV
WKHýFRKRUWýWRýDýSDUWLFXODUýFRPELQDWLRQýRIýH[SRVXUHýGLVWULFWñýPLFURHQYLURQPHQWñýDQGýDFWLYLW\ýõHïJïñ
FRRNLQJñýSOD\LQJñýUHVWLQJôïýý$OWKRXJKýQRýWZRýLQGLYLGXDOV©ýH[SRVXUHýZLOOýEHýH[DFWO\ýWKHýVDPHýGXH
WRýWKHýP\ULDGýRIýIDFWRUVýWKDWýDIIHFWýDýSHUVRQ©VýH[SRVXUHâýIRUýWKHýSXUSRVHVýRIýHVWLPDWLQJýD
SRSXODWLRQ©VýH[SRVXUHñýHVSHFLDOO\ýFRQVLGHULQJýWKHýGHDUWKýRIýORQJðWHUPýWLPHîDFWLYLW\ýLQIRUPDWLRQ
IRUýDýODUJHýHQRXJKýFURVVýVHFWLRQýRIýWKHýSRSXODWLRQñýWKHýPRGHOýXVHVýWKHýVLPSOLI\LQJýDVVXPSWLRQ
WKDWýDOOýLQGLYLGXDOVýZLWKLQýDýSDUWLFXODUýFRKRUWýKDYHýWKHýVDPHýH[SRVXUHï

,QIRUPDWLRQýDERXWýWKHýH[SRVXUHðHYHQWýVHTXHQFHVýFDQýEHýREWDLQHGýE\ýVDPSOLQJýIURPýD
KXPDQýDFWLYLW\ýGDWDEDVHïýý7KHýKXPDQýDFWLYLW\ýGDWDEDVHýLVýPDGHýXSýRIýGLDU\ýDQGýWHOHSKRQHýVXUYH\
UHFRUGVýZKLFKýLGHQWLI\ýDýVWXG\ýSDUWLFLSDQW©VýGDLO\ýDFWLYLWLHVýDQGýORFDWLRQVýGXULQJýDýëéðKRXUýSHULRGïý
%HFDXVHýHDFKýSDUWLFLSDQWýRIýPRVWýDFWLYLW\ýGLDU\ýVWXGLHVýSURYLGHVýGDWDýIRUýRQO\ýDýIHZýGD\VñýWKH
FRQVWUXFWLRQýRIýDýORQJHUýH[SRVXUHðHYHQWýVHTXHQFHýUHTXLUHVýHLWKHUýWKHýUHSHWLWLRQýRIýGDWDýIURPýRQH
SDUWLFLSDQWýRUýWKHýXVHýRIýGDWDýIURPýPXOWLSOHýSDUWLFLSDQWVïýý7KHýODWWHUýDSSURDFKýLVýEHLQJýXVHGýLQýWKH
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LQLWLDOýGHYHORSPHQWýRIý75,0ï([SRýWRýEHWWHUýUHSUHVHQWýWKHýYDULDELOLW\ýRIýH[SRVXUHýWKDWýLVýH[SHFWHG
WRýRFFXUýDPRQJýWKHýSHUVRQVýLQFOXGHGýLQýWKHýFRKRUWïýý7KHýQHHGýWRýH[WUDSRODWHýVKRUWðWHUPýDFWLYLW\
GLDU\ýLQIRUPDWLRQýWRýFKURQLFýH[SRVXUHýDVVHVVPHQWVýLVýDýUHFRJQL]HGýVKRUWFRPLQJýLQýORQJðWHUP
H[SRVXUHýVWXGLHVïýý7KHUHýLVýDýFULWLFDOýQHHGýIRUýGDWDýRQýORQJðWHUPýDFWLYLW\ýSDWWHUQVýWKDWýFDQýEHýXVHG
IRUýFRQVWUXFWLQJý\HDUðORQJýH[SRVXUHðHYHQWýVHTXHQFHVïýý7KLVýLVVXHñýDQGýGLVFXVVLRQýRIýDQýDOWHUQDWLYH
VWDWLVWLFDOýDSSURDFKýIRUýDXJPHQWLQJýVKRUWðWHUPýDFWLYLW\ýSDWWHUQýGLDU\ýGDWDñýDUHýH[SDQGHGýXSRQýLQ
6HFWLRQýèïéïëï

)RUýWKHýLQLWLDOýGHYHORSPHQWýRIýDý75,0ï([SRý3URWRW\SHñýDýFRPSLODWLRQýRIýWLPHðDFWLYLW\
VXUYH\VýZLOOýEHýXVHGýIRUýDýFRKRUWýDQDO\VLVïýý7KHVHýVXUYH\VýKDYHýEHHQýRUJDQL]HGýLQWRýDýVLQJOH
GDWDEDVHýFDOOHGýWKHý&RQVROLGDWHGý+XPDQý$FWLYLW\ý'DWDEDVHýõ&+$'ôýZKLFKýZDVýGHVFULEHG
SUHYLRXVO\ýLQý6HFWLRQýéïêïêïýý7KHýGHYHORSHUVýRIý&+$'ýKDYHýVXSSOHPHQWHGýWKHýDFWLYLW\ýSDWWHUQ
VXUYH\ýLQIRUPDWLRQýZLWKýGDWDýVKRZLQJýWKHýGD\ýRIýWKHýZHHNýWKDWýDýGLDU\ýHQWU\ýZDVýPDGHýDQGýDOVR
WKHýPD[LPXPýRXWGRRUýDLUýWHPSHUDWXUHýIRUýWKDWýGD\ïýý.QRZOHGJHýRIýWKHýGD\ýRIýWKHýZHHNýLV
LPSRUWDQWýZKHQýFRQVWUXFWLQJýH[SRVXUHðHYHQWýVHTXHQFHVýVLQFHýKXPDQýDFWLYLWLHVýDUHýXVXDOO\ýTXLWH
GLIIHUHQWýIRUýZHHNGD\VýWKDQýWKH\ýDUHýRQýZHHNHQGVýõ8ï6ïý(3$ýìääçDôïýý3URYLGLQJýLQIRUPDWLRQ
DERXWýWKHýPD[LPXPýRXWGRRUýDLUýWHPSHUDWXUHýWKDWýRFFXUUHGýRQýWKHýGD\ýWKDWýDýGLDU\ýHQWU\ýZDVýPDGH
LVýDýXVHIXOýPHWKRGýIRUýVHOHFWLQJýDFWLYLW\ýGDWDýWKDWýDFFRXQWýIRUýVHDVRQDOýYDULDWLRQýZKHQ
FRQVWUXFWLQJý\HDUðORQJýH[SRVXUHðHYHQWýVHTXHQFHVïýý)RUýDQýLQGLYLGXDOýDQDO\VLVñýWKHýXVHUýPXVW
HLWKHUýSURYLGHýGHPRJUDSKLFýLQIRUPDWLRQýDERXWýWKHýLQGLYLGXDOVýVRýWKDWýDSSURSULDWHýDFWLYLW\ýSDWWHUQ
GDWDýFDQýEHýH[WUDFWHGýIURPý&+$'ñýRUýGLUHFWO\ýSURYLGHýWKHýWLPHýVHTXHQFHýRIýH[SRVXUH
GLVWULFWîPLFURHQYLURQPHQWîDFWLYLW\ýSDWWHUQýFRPELQDWLRQVñýDVýZHOOýDVýWKHýGHPRJUDSKLFýGDWDýUHODWHG
WRýEUHDWKLQJýUDWHýõLïHïñýDJHñýJHQGHUñýERG\ýZHLJKWôï

èïìïè (67,0$7(ý32//87$17ý&21&(175$7,21ý$1'ý9(17,/$7,21ý5$7(
$662&,$7('ý:,7+ý($&+ý(;32685(ý(9(17

7KHýH[SRVXUHðHYHQWýVHTXHQFHýGHILQHGýIRUýHDFKýLQGLYLGXDOýRUýFRKRUWýLVýXVHGýWRýGHWHUPLQHýD
FRUUHVSRQGLQJýVHTXHQFHýRIýH[SRVXUHVñýHYHQWðE\ðHYHQWïýý(DFKýLQKDODWLRQýH[SRVXUHýLVýGHILQHGýE\ýD
SROOXWDQWýFRQFHQWUDWLRQýDQGýDýYHQWLODWLRQýUDWHýLQGLFDWRUïýý7KHýDSSOLHGýGRVHýLVýDýIXQFWLRQýRIýWKH
SROOXWDQWýFRQFHQWUDWLRQñýWKHýGHPRJUDSKLFýFKDUDFWHULVWLFVýRIýWKHýLQGLYLGXDOýRUýFRKRUWýDIIHFWLQJ
EUHDWKLQJýUDWHñýDQGýWKHýYHQWLODWLRQýUDWHýYDOXHVýDVVLJQHGýWRýWKHýDFWLYLW\ï

7KHýILUVWýVWHSýLQýHVWLPDWLQJýWKHýPLFURHQYLURQPHQWDOýSROOXWDQWýFRQFHQWUDWLRQVýLVýWRýHVWLPDWH
WKHýDPELHQWýSROOXWDQWýFRQFHQWUDWLRQVïýý$VýGLVFXVVHGýLQý6HFWLRQýèïìïìñýWKHVHýDUHýHVWLPDWHGýýIURP
HLWKHUýIL[HGðVLWHýPRQLWRULQJýGDWDñýWKURXJKýWKHýXVHýRIýDQýDLUýGLVSHUVLRQýPRGHOñýRUýIURP
75,0ï)D7(ïýý1H[WñýPLFURHQYLURQPHQWDOýFRQFHQWUDWLRQVýDUHýFDOFXODWHGýIURPýDPELHQW
FRQFHQWUDWLRQVýDQGýGDWDýRQýPLFURHQYLURQPHQWDOýHPLVVLRQýVRXUFHVýIRUýLQGRRUýPLFURHQYLURQPHQWV
õìôýWKURXJKýWKHýXVHýRIýPDVVýEDODQFHýDOJRULWKPVýõGHVFULEHGýLQý6HFWLRQýèïëïìôñýõëôýZLWKýLQWHUPHGLD
WUDQVIHUýIDFWRUVñýDQGîRUýõêôýZLWKýPHDVXUHPHQWVýRIýFRQFHQWUDWLRQýLQFUHPHQWVýDVVRFLDWHGýZLWK
LQGRRUýVRXUFHVïýý,QWHUPHGLDýWUDQVIHUýIDFWRUVýDUHýHPSLULFDOO\ýGHULYHGýDQGýUHODWHýRXWGRRU
FRQFHQWUDWLRQVýWRýWKHýFRQFHQWUDWLRQýFRQWULEXWLRQVýLQýWKHýYDULRXVýLQGRRUýPLFURHQYLURQPHQWVýXVHG
LQý75,0ï([SRïýý,QýDGGLWLRQñýPHDVXUHPHQWVýRIýFRQFHQWUDWLRQýLQFUHPHQWVýDVVRFLDWHGýZLWKýFHUWDLQ
RXWGRRUýPLFURHQYLURQPHQWVýõHïJïñýJDVýVWDWLRQVñýSDUNLQJýJDUDJHVôýPD\ýEHýXVHGýLIýWKH\ýDUHýQRW
PRGHOHGýRUýPRQLWRUHGýH[SOLFLWO\ïýý)RUýRWKHUýVSHFLDOýRXWGRRUýPLFURHQYLURQPHQWVýõHïJïñýQHDU
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URDGZD\VôñýVWDWLVWLFDOýDQDO\VLVýRIýDPELHQWðWRðPLFURHQYLURQPHQWýFRQFHQWUDWLRQýUHODWLRQVKLSVýPD\
EHýXVHGýWRýHVWLPDWHýPLFURHQYLURQPHQWDOýFRQFHQWUDWLRQVýEDVHGýRQýIL[HGðVLWHýPRQLWRULQJýGDWDï

&RQFHQWUDWLRQVýDUHýGHWHUPLQHGýIRUýHDFKýPLFURHQYLURQPHQWýLQýHDFKýH[SRVXUHýGLVWULFWýIRU
HDFKýWLPHýVWHSýLQýWKHýH[SRVXUHðHYHQWýVHTXHQFHïýý7KHVHýFRQFHQWUDWLRQVýFRQVWLWXWHýWKHýYDOXHVýIRU
&PõLñNñOñWôýLQý(TXDWLRQýéðìïýý)RUýLQKDODWLRQñýWKHýFRQFHQWUDWLRQVýDUHýFDOFXODWHGýIRUýDLUýRQO\â
WKHUHIRUHñýWKHýRQO\ýH[SRVXUHýPHGLXPýPýLQý(TXDWLRQýéðìýLVýDLUï

,Qý75,0ï([SRñýDQýDUUD\ýRIýPLFURHQYLURQPHQWDOýSROOXWDQWýFRQFHQWUDWLRQýYDOXHVý&PýDUH
FUHDWHGýIRUýHDFKýLQGLYLGXDOýRUýFRKRUWïýý(DFKýDUUD\ýFRQVLVWVýRIýDýVHWýRIý\HDUðORQJýVHTXHQFHVýRI
KRXUO\ðDYHUDJHGý&PýYDOXHVâýRQHýIRUýHDFKýFRPELQDWLRQýRIýH[SRVXUHýGLVWULFWñýPLFURHQYLURQPHQWñ
DQGýDFWLYLW\ïýý,QýWKHýLQLWLDOýGHYHORSPHQWýRIý75,0ï([SRñýWKHýGLVWULFWýZLOOýEHýHLWKHUýWKHýKRPHñýZRUNñ
RUýVFKRROýGLVWULFWýVSHFLILHGýIRUýWKHýLQGLYLGXDOýRUýFRKRUWïýý)RUýDQýH[SRVXUHýHYHQWýGXULQJýWLPHýVWHSýWñ
DQýLQGLYLGXDOýRUýFRKRUWýLVýDVVLJQHGýWKHýYDOXHýRIý&PýVSHFLILHGýIRUýWKDWýWLPHýVWHSýLQýWKHýGHVLJQDWHG
H[SRVXUHðGLVWULFWîPLFURHQYLURQPHQWîDFWLYLW\ýVHTXHQFHï

,QýDGGLWLRQýWRýWKHýSROOXWDQWýFRQFHQWUDWLRQñýDýYHQWLODWLRQýUDWHýõ9(ôýYDOXHýLVýHVWLPDWHGýIRU
HDFKýH[SRVXUHýHYHQWïýý9(ýLVýH[SUHVVHGýDVýOLWHUVýRIýDLUýUHVSLUHGýSHUýPLQXWHýõOLWHUVýPLQ

ðìôïýý7KH
SURFHGXUHýIRUýFDOFXODWLQJý9(ýLVýVXPPDUL]HGýEHORZïýý$QýDSSURDFKýWRýHVWLPDWHýWKHýYDULRXVýYDOXHV
DQGýUHODWLRQVKLSVýQHHGHGýWRýPRGHOýWKHýYHQWLODWLRQýUDWHýXVLQJý(TXDWLRQVýèðêñýèðéñýDQGýèðèýõEHORZô
LVýGHVFULEHGýLQý$SSHQGLFHVý&ýDQGý'ýRIý-RKQVWRQýHWýDOïýõìäääôï

7KHý&+$'ýGDWDEDVHýSURYLGHVýDQýDFWLYLW\ýLQGLFDWRUýIRUýHDFKýH[SRVXUHýHYHQWïýý(DFKýDFWLYLW\
W\SHýLVýDVVLJQHGýDýGLVWULEXWLRQýRIýYDOXHVýIRUýWKHýPHWDEROLFýHTXLYDOHQWýRIýZRUNýõ0(7ôïýý7KHý0(7ýLV
DýGLPHQVLRQOHVVýTXDQWLW\ýGHILQHGýE\ýWKHýUDWLRã

0(7ý ý((î505 õèðìô

ZKHUHý((ýLVýWKHýUDWHýRIýHQHUJ\ýH[SHQGLWXUHýGXULQJýDýSDUWLFXODUýDFWLYLW\ýõH[SUHVVHGýLQýNFDOîPLQôñ
DQGý505ýLVýDýSHUVRQ©VýW\SLFDOýUHVWLQJýPHWDEROLFýUDWHýõDOVRýH[SUHVVHGýLQýNFDOîPLQôï

$ýSUREDELOLVWLFýSURFHGXUHýLVýXVHGýWRýDVVLJQýDý505ýYDOXHýWRýFRKRUWýIRUýDýW\SLFDOýêçèðGD\
H[SRVXUHýSHULRGïýý$Qý((ýYDOXHýLVýFDOFXODWHGýIRUýHDFKýH[SRVXUHýHYHQWýE\ýWKHýHTXDWLRQã

((DõUñSñ]ôý ý>0(7õUñSñ]ô@>505õ]ô@ õèðëô

LQýZKLFKý((DõUñSñ]ôýLVýWKHýDYHUDJHýHQHUJ\ýH[SHQGLWXUHýUDWHýõNFDOýPLQ
ðìôýIRUýFRKRUWý]ýGXULQJ

H[SRVXUHýHYHQWýUýRQýGD\ýSâý0(7õUñSñ]ôýLVýDýYDOXHýUDQGRPO\ýVHOHFWHGýIURPýWKHýGLVWULEXWLRQýRIý0(7
YDOXHVýDVVRFLDWHGýZLWKýHDFKýDFWLYLW\ýW\SHýLQý&+$'âýDQGý505õ]ôýLVýWKHý505ýYDOXHýUDQGRPO\
JHQHUDWHGýIRUýFRKRUWý]ï

(QHUJ\ýH[SHQGLWXUHýUHTXLUHVýR[\JHQñýZKLFKýLVýVXSSOLHGýWKURXJKýYHQWLODWLRQýõUHVSLUDWLRQôïý
/HWý(&)õ\ôýLQGLFDWHýDQýHQHUJ\ýFRQYHUVLRQýIDFWRUýGHILQHGýDVýWKHýYROXPHýRIýR[\JHQýUHTXLUHGýWR
SURGXFHýRQHýNLORFDORULHýRIýHQHUJ\ýLQýSHUVRQý\ïýý7KHýR[\JHQýXSWDNHýUDWHýõ92ëôýDVVRFLDWHGýZLWKýD
SDUWLFXODUýDFWLYLW\ýFDQýEHýH[SUHVVHGýDVã
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92ëõUñSñ]ôý ý>(&)õ\ô@>((DõUñSñ]ô@ õèðêô

LQýZKLFKý92ëõUñSñ]ôýKDVýXQLWVýRIýOLWHUVýR[\JHQýPLQ
ðìñý(&)õ\ôýKDVýXQLWVýRIýOLWHUVýR[\JHQýNFDOðìñýDQG

((DõUñSñ]ôýKDVýXQLWVýRIýNFDOýPLQ
ðìïýý7KHýYDOXHýRIý92ëõUñSñ]ôýLVýGHWHUPLQHGýIURPý0(7õUñSñ]ôýE\

VXEVWLWXWLQJý(TXDWLRQýèðëýLQWRý(TXDWLRQýèðêýWRýSURGXFHýWKHýUHODWLRQVKLSã

92ëõUñSñ]ôý ý>(&)õ\ô@>0(7õUñSñ]ô@>505õ\ô@ õèðéô

9HQWLODWLRQýUDWHýõ9(ôýWHQGVýWRýLQFUHDVHýDVý92ëýLQFUHDVHVýXSýWRýWKHýSRLQWýRIýPD[LPXP
R[\JHQýXSWDNHýõ92ëPD[ôïýý7KHýUHODWLRQVKLSýLVýNQRZQýWRýEHýQRQðOLQHDUñýZLWKýWKHýVORSHýRIýWKH
UHODWLRQVKLSýXVXDOO\ýLQFUHDVLQJýDWýKLJKHUýYDOXHVýRIý92ëïýý7KHýUHODWLRQVKLSýEHWZHHQý9(õUñSñ]ôôýDQG
92ëõUñSñ]ôýLVýPRGHOHGýE\ýWKHýJHQHULFýHTXDWLRQã

OQ>9(õUñSñ]ôî%0õ\ô@ý ýDýòýõEô^OQ>92ëõUñSñ]ôî%0õ\ô@`ýòýGõ\ôýòýHõUñSñ]ô õèðèô

LQýZKLFKý9(õUñSñ]ôýLVýWKHý9(ýYDOXHýDVVRFLDWHGýZLWKýWKHýU
WKýHYHQWýRIýGD\ýSýIRUýSHUVRQý\ñý%0õ\ôýLVýWKH

ERG\ýPDVVýDVVLJQHGýWRýSHUVRQý\ñýDQGýDýDQGýEýDUHýFRQVWDQWVýGHWHUPLQHGýE\ýWKHýDJHýDQGýJHQGHUýRI
SHUVRQý\ïýý7KHýWHUPýGõ\ôýLVýDýUDQGRPýYDULDEOHýVHOHFWHGýIRUýHDFKýSHUVRQýIURPýDýQRUPDOýGLVWULEXWLRQ
ZLWKýPHDQýHTXDOýWRý]HURýDQGýVWDQGDUGýGHYLDWLRQýHTXDOýWRý)Gïýý7KHýWHUPýHõUñSñ]ôýLVýDýUDQGRP
YDULDEOHýVHOHFWHGýIRUýHDFKýLQGLYLGXDOýHYHQWýIURPýDýQRUPDOýGLVWULEXWLRQýZLWKýPHDQýHTXDOýWRý]HUR
DQGýVWDQGDUGýGHYLDWLRQýHTXDOýWRý)Hï

èïìïç (;75$32/$7(ý7+(ý&2+257ý,1+$/$7,21ý(;32685(6ý72ý7+(
3238/$7,216ý2)ý,17(5(67

)RUýDýSRSXODWLRQýDQDO\VLVñýWKHýLQKDODWLRQýH[SRVXUHVýFDOFXODWHGýIRUýWKHýFRKRUWVýFDQýEH
H[WUDSRODWHGýWRýWKHýODUJHUýJHQHUDOýSRSXODWLRQýE\ýHVWLPDWLQJýWKHýQXPEHUýRIýLQGLYLGXDOVýLQýHDFK
FRKRUWïýý)LUVWñýWKHýSRSXODWLRQýRIýHDFKýGHPRJUDSKLFýJURXSýWKDWýUHVLGHVýZLWKLQýDýSDUWLFXODUýH[SRVXUH
GLVWULFWýLVýH[WUDFWHGýIURPýFHQVXVýGDWDýVSHFLILFýWRýWKDWýGLVWULFWïýý7KLVýJLYHVýDQýHVWLPDWHýRIýWKH
SRSXODWLRQýRIýHDFKýQRQðFRPPXWLQJýFRKRUWýUHVLGLQJýZLWKLQýHDFKýH[SRVXUHýGLVWULFWïýý7KHQñýDV
GHVFULEHGýLQý(TXDWLRQýéðìëýõVKRZQýEHORZôñýWKHýSRSXODWLRQVýRIýWKHýFRPPXWLQJýFRKRUWVýõDVVXPHG
WRýLQFOXGHýDOOýFRKRUWVýRIýZRUNLQJýDGXOWVýDQGýVFKRROýFKLOGUHQôýDUHýGHWHUPLQHGýE\ýWKHýH[SUHVVLRQã

FRPõGJñKñZñEôý ýSRSõGJñKñEôýÓýFRPõKñZôý*ýFRPõKô

ZKHUHýFRPõGJñKñZñEôýLVýWKHýQXPEHUýRIýSHUVRQVýLQýWKHýFRPPXWLQJýFRKRUWýDVVRFLDWHGýZLWK
GHPRJUDSKLFýJURXSýGJñýUHVLGLQJýLQýH[SRVXUHýGLVWULFWýKýõLïHïñýWKHýKRPHýGLVWULFWôñýFRPPXWLQJýWR
H[SRVXUHýGLVWULFWýZýõLïHïñýWKHýFRPPXWHýGLVWULFWôýDQGýKDYLQJýDWWULEXWHýEýõHïJïñýWKHýLQFLGHQFHýRIýD
SDUWLFXODUýGLVHDVHýRUýDLOPHQWôïýý7KHýSRSõGJñKñEôýLVýWKHýSRSXODWLRQýRIýGHPRJUDSKLFýJURXSýGJ
UHVLGLQJýLQýH[SRVXUHýGLVWULFWýKýWKDWýKDVýDWWULEXWHýEïýý7KHýFRPõKñZôýLVýWKHýQXPEHUýRIýFRPPXWHUVýLQ
DOOýGHPRJUDSKLFýJURXSVýWKDWýFRPPXWHýIURPýWKHLUýUHVLGHQFHýLQýH[SRVXUHýGLVWULFWýKýWRýZRUNýRU
VFKRROýLQýH[SRVXUHýGLVWULFWýZñýDQGýFRPõKôýLVýWKHýWRWDOýQXPEHUýRIýFRPPXWHUVýWKDWýUHVLGHýLQ
H[SRVXUHýGLVWULFWýKïý
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èïë 35(6(17$7,21ý2)ý7+(ý02'(/ý$/*25,7+06ý%<
0,&52(19,5210(17$/ý/2&$7,21

7KHý75,0ï([SRýPRGXOHýZLOOýEHýDEOHýWRýPRGHOýLQKDODWLRQýH[SRVXUHVýIRUýVHYHUDOýLQGRRUñ
LQðYHKLFOHñýDQGýRXWGRRUýPLFURHQYLURQPHQWVïýý$VýPHQWLRQHGýHDUOLHUýLQýWKLVýFKDSWHUñýDýXVHUýZLOO
KDYHýWKHýDELOLW\ýWRýVSHFLI\ýDGGLWLRQDOýPLFURHQYLURQPHQWVýRIýYDULRXVýVFDOHVýWRýILWýLQGLYLGXDO
PRGHOLQJýUHTXLUHPHQWVïýý,QýWKLVýVHFWLRQñýWKHýJHQHUDOýDOJRULWKPVýDUHýSUHVHQWHGýIRUýHDFKýRIýWKHVH
ORFDWLRQVïýý7KHýPHWKRGRORJ\ýSUHVHQWHGýKHUHýIRUýFDOFXODWLQJýLQGRRUñýLQðYHKLFOHñýDQGýRXWGRRU
PLFURHQYLURQPHQWDOýFRQFHQWUDWLRQVýFRQIRUPVýWRýWKHýUHTXLUHPHQWVýVSHFLILHGýHDUOLHUýIRUý75,0
IUDPHZRUNýGHYHORSPHQWïýý2QHýRIýWKHýLPSRUWDQWýJRDOVýIRUýPRGHOLQJýPLFURHQYLURQPHQWDO
FRQFHQWUDWLRQVýLVýWKDWýWKHýPHWKRGRORJ\ýFRQVHUYHýPDVVñýZKHUHýDSSURSULDWHýDQGýIHDVLEOHïý
$OWHUQDWLYHýPHWKRGRORJLHVýZLOOýDOVRýEHýLQFOXGHGýDVýRSWLRQVýZKHQýWKHýLQIRUPDWLRQýUHTXLUHGýIRU
PDVVýEDODQFHýLVýQRWýDYDLODEOHï

èïëïì 0,&52(19,5210(17$/ý/2&$7,216ý63(&,),&ý72ý,1'225ý$,5ý$1'
,16,'(ý9(+,&/(6

7KHý75,0ï([SRýPRGXOHýZLOOýLQFOXGHýDOJRULWKPVýWKDWýFDQýEHýXVHGýWRýHVWLPDWHýSROOXWDQW
FRQFHQWUDWLRQýIRUýVHYHUDOýLQGRRUýPLFURHQYLURQPHQWVñýVXFKýDVýUHVLGHQFHVñýUHVLGHQWLDOýJDUDJHVñýWKH
ZRUNýSODFHñýVFKRROñýDQGýRWKHUýLQGRRUýORFDWLRQVýVXFKýDVýUHVWDXUDQWVýDQGýVWRUHVïýý,QýDGGLWLRQñýWKH
LQVLGHýRIýSDVVHQJHUýYHKLFOHVñýVXFKýDVýDXWRPRELOHVýDQGýEXVHVñýZLOOýEHýWUHDWHGýVLPLODUO\ýWRýWKH
LQGRRUýPLFURHQYLURQPHQWïýý,QýJHQHUDOñýWKHUHýDUHýWZRýW\SHVýRIýFRQWULEXWLRQVýWRýWKHýSROOXWDQW
FRQFHQWUDWLRQVýLQýWKHVHýPLFURHQYLURQPHQWVãýLQILOWUDWLRQýRIýDLUýIURPýRXWVLGHýWKH
PLFURHQYLURQPHQW©VýERXQGDULHVñýDQGýGLUHFWýHPLVVLRQýRIýDýSROOXWDQWýRIýFRQFHUQýIURPýDýVRXUFH
ZLWKLQýWKHýPLFURHQYLURQPHQWïýý,QILOWUDWLRQýZLOOýEHýPRGHOHGýE\ý75,0ï([SRýXVLQJýHLWKHUýDýPDVV
EDODQFHýDSSURDFKñýGHVFULEHGýEHORZñýRUýDQýDVVXPHGýWUDQVIHUýIDFWRUVýõ0(ýIDFWRUVôï

)RUýLQGRRUýHPLVVLRQýVRXUFHVñý75,0ï([SRýZLOOýSURYLGHýWZRýRSWLRQVïýý)RUýWKHýILUVWýRSWLRQñ
LQIRUPDWLRQýRQýWKHýHPLVVLRQýUDWHýõLQýXQLWVýRIýPDVVîWLPHôýIRUýDýVRXUFHýLVýXVHGýDVýDQýLQSXWýWRýWKH
PDVVýEDODQFHýPRGHOïýý)RUýWKHýVHFRQGýRSWLRQñýVDPSOHýYDOXHVýDUHýGUDZQýVWRFKDVWLFDOO\ýIURPýD
GLVWULEXWLRQýWKDWýUHODWHVýWKHýSUHVHQFHýRIýDQýLQGRRUýVRXUFHýLQýDýSDUWLFXODUýPLFURHQYLURQPHQWýWR
LQFUHPHQWDOýLQFUHDVHVýLQýSROOXWDQWýOHYHOVïýý)RUýH[DPSOHñýWRýHVWLPDWHýWKHýFRQWULEXWLRQýWRýSROOXWDQW
FRQFHQWUDWLRQVýLQýWKHýKRPHýIURPýWREDFFRýVPRNLQJýXVLQJýWKHýILUVWýRSWLRQñýWKHýXVHUýPD\ýVSHFLI\ýWKH
IUHTXHQF\ýRIýVPRNLQJýõHïJïñýWKHýQXPEHUýRIýFLJDUHWWHVýSHUýKRXUôñýZKLFKý75,0ï([SRýZLOOýXVHýWR
GHULYHýDýSROOXWDQWýHPLVVLRQýUDWHýIRUýLQSXWýWRýWKHýPDVVýEDODQFHýýHTXDWLRQïýý,IýVPRNLQJýIUHTXHQF\
LQIRUPDWLRQýLVýXQDYDLODEOHñýWKHýXVHUýPD\ýVLPSO\ýLQGLFDWHýWKDWýVPRNLQJýRFFXUVýLQýWKHýKRPHïýý,QýWKDW
FDVHñý75,0ï([SRýZLOOýHVWLPDWHýWKHýFRQWULEXWLRQýWRýSROOXWDQWýFRQFHQWUDWLRQVýIURPýVPRNLQJýE\
VDPSOLQJýIURPýDýGLVWULEXWLRQýRIýWKHýPHDVXUHGýLQFUHDVHýLQýSROOXWDQWýFRQFHQWUDWLRQVýLQýKRPHVýRI
VPRNHUVïýý$OWHUQDWLYHO\ñýWKHýXVHUýPD\ýVXSSO\ýKLVýRUýKHUýRZQýGLVWULEXWLRQDOýGDWDï

7KHý75,0ï([SRýPDVVýEDODQFHýPRGHOýDQGýGHVFULSWLRQýDUHýDGDSWHGýIURPý-RKQVRQýHWýDOï
õìääçEôïýý7KHýPDVVýEDODQFHýPRGHOýLVýEDVHGýRQýWKHýJHQHUDOL]HGýPDVVýEDODQFHýPRGHOýSUHVHQWHGýE\
1DJGDýHWýDOïýõìäåæôýIRUýDýVLQJOHýLQGRRUýFRPSDUWPHQWïýý$VýRULJLQDOO\ýSURSRVHGñýWKLVýPRGHOýXVHVýWKH
DVVXPSWLRQýWKDWýSROOXWDQWýFRQFHQWUDWLRQýGHFD\VýLQGRRUVýDWýDýFRQVWDQWýUDWHïýý+RZHYHUñý-RKQVRQýHW
DOïýõìääçEôýUHSRUWVýWKDWýSROOXWDQWýGHFD\ýUDWHýLVýDýIXQFWLRQýRIýWKHýLQGRRUýSROOXWDQWýFRQFHQWUDWLRQïý
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ý7KHUHIRUHñýLQý75,0ï([SRñýWKHýPRGHOýRIý1DJGDýDQGýFRðZRUNHUVýZDVýUHYLVHGýWRýLQFRUSRUDWHýDQ
DOWHUQDWLYHýDVVXPSWLRQýWKDWýWKHýLQGRRUýGHFD\ýUDWHýLVýSURSRUWLRQDOýWRýWKHýLQGRRUýFRQFHQWUDWLRQïýý7KH
UHVXOWLQJýPRGHOýLVýH[SUHVVHGýE\ýWKHýGLIIHUHQWLDOýHTXDWLRQã

ZKHUHã
&LQ  LQGRRUýFRQFHQWUDWLRQýõPDVVîYROXPHô
)%  IUDFWLRQýRIýWKHýRXWGRRUýSROOXWDQWýFRQFHQWUDWLRQýLQWHUFHSWHGýE\ýWKHýEXLOGLQJ

RUýVWUXFWXUHýõGLPHQVLRQOHVVýIUDFWLRQô
á  DLUýH[FKDQJHýUDWHýõìîWLPHô
)G  SROOXWDQWýGHFD\ýFRHIILFLHQWýõìîWLPHô
&RXW  RXWGRRUýFRQFHQWUDWLRQýõPDVVîYROXPHô
6  LQGRRUýJHQHUDWLRQýUDWHýõPDVVîWLPHô
F9  HIIHFWLYHýLQGRRUýYROXPHýZKHUHýFýLVýDýGLPHQVLRQOHVVýIUDFWLRQýõYROXPHô
0  PL[LQJýIDFWRUýõLïHïñýWKHýSRUWLRQýRIýWKHýYHQWLODWLRQýDLUýIORZýWKDWýLVýFRPSOHWHO\

PL[HGýZLWKýURRPýDLUôýõGLPHQVLRQOHVVýIUDFWLRQô
T  IORZýUDWHýWKURXJKýDLUðFOHDQLQJýGHYLFHýõYROXPHîWLPHô
)  HIILFLHQF\ýRIýWKHýUHFLUFXODWLRQýDLUðFOHDQLQJýGHYLFHýõGLPHQVLRQOHVVýIUDFWLRQô

7KHýPRGHOýLVýIXUWKHUýJHQHUDOL]HGýWRýLQFOXGHýDýPL[LQJýIDFWRUýIRUýRXWGRRUýDLUýLQILOWUDWLRQýDQG
WKHýSRVVLELOLW\ýRIýLQILOWUDWHGýDLUýIURPýRXWVLGHýEHLQJýILOWHUHGýDVýIROORZVã

õèðæô
ZKHUHã

áX  DLUýH[FKDQJHýUDWHñýXQILOWHUHGýõìîWLPHô
áI  DLUýH[FKDQJHýUDWHñýILOWHUHGýõìîWLPHô
)ì  HIILFLHQF\ýRIýWKHýUHFLUFXODWLRQýDLUðFOHDQLQJýGHYLFHýõGLPHQVLRQOHVVýIUDFWLRQô
)ë  HIILFLHQF\ýRIýWKHýRXWGRRUýPDNHXSðDLUýFOHDQLQJýGHYLFHýõGLPHQVLRQOHVV

IUDFWLRQô

(TXDWLRQýèðæýFDQýEHýVLPSOLILHGýE\ýVXEVWLWXWLQJýDý¦SHQHWUDWLRQýIDFWRUñ§ý)SñýIRUýWKHýIUDFWLRQ
RIýWKHýRXWGRRUýFRQFHQWUDWLRQýLQWHUFHSWHGýE\ýWKHýHQFORVXUHýDQGýDQý¦HIIHFWLYHýYROXPHñ§ý9HñýIRUýF9ïý
)SýDQGý9HýDUHýJLYHQýE\ý(TXDWLRQVýèðåýDQGýèðäñýUHVSHFWLYHO\ã

)Sý ýìý¤ý)% õèðåô

9Hý ýF9 õèðäô
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Në ö
0õ)SáX ø >ì ÷ )ë@áIô

áü
õì ÷ Nìô õèðìçô

6XEVWLWXWLQJý(TXDWLRQVýèðåýDQGýèðäýLQWRý(TXDWLRQýèðæýUHVXOWVýLQã

õèðìíô

&RPELQLQJýDQGýUHDUUDQJLQJýWHUPVý\LHOGVã

õèðììô

(TXDWLRQýèðììýFDQýEHýVLPSOLILHGýE\ýFRPELQLQJýWHUPVýSURSRUWLRQDOýWRý&LQã

ZKHUHã

,WýFDQýEHýVKRZQýWKDWý(TXDWLRQýèðìëýKDVýWKHýIROORZLQJýDSSUR[LPDWHýVROXWLRQã

&LQýõWôý ýNì&LQýõW¤ôWôýòýNë&üRXWýòýNê õèðìéô
ZKHUHã

Nìý ýH
ðáüôW õèðìèô

Nêý ýõ6ýîýáüý9Hôýõì¤Nìôï õèðìæô
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0õ)SáX ø >ì ÷ )ë@áIô

áü
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6

áü9H
õì ÷ ]õKíôô õèðëìô

&üRXWýLVýWKHýDYHUDJHýYDOXHýRIýWKHýRXWGRRUýFRQFHQWUDWLRQýRYHUýWKHýLQWHUYDOýWýWRýWýòýôWï

7KHýDYHUDJHýLQGRRUýFRQFHQWUDWLRQýIRUýKRXUýKýLVýJLYHQýE\ý&üLQýLQýWKHýH[SUHVVLRQã

&üLQýõKíôý ýDì&LQýõK¤ìôýòýDëý&üRXWýõKíôýòýDê õèðìåô

ZKHUHý&LQõKðìôýLVýWKHýLQVWDQWDQHRXVýLQGRRUýFRQFHQWUDWLRQýDWýWKHýHQGýRIýWKHýSUHFHGLQJýKRXUýDQGý&üRXW
õKôýLVýWKHýDYHUDJHýRXWGRRUýFRQFHQWUDWLRQýIRUýKRXUýKïýý$OVRñýDìñýDëñýDQGýDêýDUHýJLYHQýE\ã

Dìý ý]õKíô õèðìäô

]õKíôý ýõìý¤ýH
ðáüôýîýáü õèðëëô

$ýVWHDG\ðVWDWHýYHUVLRQýRIýWKHýPDVVýEDODQFHýPRGHOýõ(TXDWLRQýèðìëôýFDQýEHýGHYHORSHGýLIýLWýLV
DVVXPHGýWKDWýWKHýFKDQJHýLQýLQGRRUýFRQFHQWUDWLRQýZLWKýWLPHýLVý]HURï

:KHQýLQIRUPDWLRQýDERXWýWKHýLQGRRUýHPLVVLRQýVRXUFHýVWUHQJWKýLVýQRWýDYDLODEOHñýDêýPD\ýEH
VDPSOHGýIURPýDýGLVWULEXWLRQýRIýPHDVXUHGýLQFUHPHQWDOýFRQFHQWUDWLRQVýDVVRFLDWHGýZLWKýWKHýSUHVHQFH
RIýWKHýLQGRRUýVRXUFHïýý6RPHýRIýWKHVHýGLVWULEXWLRQVýZLOOýEHýLQFOXGHGýLQý75,0ï([SRïýý7KHýXVHUýZLOO
DOVRýKDYHýWKHýRSWLRQýRIýVXSSO\LQJýKLVýRUýKHUýRZQýLQGRRUýVRXUFHýGLVWULEXWLRQï

èïëïë 0,&52(19,5210(17$/ý/2&$7,216ý63(&,),&ý72ý$0%,(17ý$,5

2QHýRIýWKHýRSWLRQVýIRUýREWDLQLQJýSROOXWDQWýFRQFHQWUDWLRQýGDWDýIRUýRXWGRRUýORFDWLRQVýLQ
75,0ï([SRýLVýWKURXJKýWKHýXVHýRIýDLUýGLVSHUVLRQýPRGHOLQJïýý7KHýRXWSXWýILOHVýIURPý75,0ï)D7(ýRU
DQRWKHUýDLUýPRGHOýPD\ýEHýXVHGýLIýGDWDýDUHýSURSHUO\ýIRUPDWWHGïýý5HJDUGOHVVýRIýWKHýPHWKRGýIRU
PRGHOLQJýWKHýGLVSHUVLRQýRIýSROOXWDQWVñýWKHýDPELHQWýSROOXWDQWýFRQFHQWUDWLRQVýDWýUHFHSWRUVýPXVWýEH
UHODWHGýWRýJHRSROLWLFDOO\ýGHILQHGýH[SRVXUHýGLVWULFWVýZKHUHýSHRSOHýOLYHñýZRUNñýRUýDWWHQGýVFKRROïýý)RU
H[DPSOHñýVXSSRVHýWKHýXVHUýZDQWVýWRýGHVLJQýDQýH[SRVXUHýDQDO\VLVýWRýFRYHUýDýODUJHýFLW\ýDQGýWKH
VXUURXQGLQJýVXEXUEVýZLWKýDQýDUHDOýH[WHQWýRIýìííýNPýZLWKLQýDQýXUEDQýDUHDïýý)RUýWKLVýH[DPSOHñýD
W\SLFDOý75,0ï([SRýH[SRVXUHýDQDO\VLVýFRXOGýEHýFRQGXFWHGýXVLQJýFHQVXVýWUDFWVýDVýWKHýH[SRVXUH
GLVWULFWVïýý,QýWKDWýFDVHñýWLPHýVHTXHQFHVýRIýKRXUO\ðDYHUDJHGýHVWLPDWHVýRIýRXWGRRUýSROOXWDQW
FRQFHQWUDWLRQVýIRUýHDFKýFHQVXVýWUDFWýLQýWKHýVWXG\ýDUHDýDUHýUHTXLUHGïýý7KHVHýFRQFHQWUDWLRQýHVWLPDWHV
FRXOGýFRPHýGLUHFWO\ýIURPýWKHýDLUýGLVSHUVLRQýPRGHOñýLIýFHQVXVýWUDFWýFHQWURLGVýZHUHýXVHGýDVýWKH
PRGHOýUHFHSWRUVñýRUýWKH\ýPD\ýEHýGHULYHGýIURPýFRQFHQWUDWLRQýHVWLPDWHVýPDGHýDWýRWKHUýUHFHSWRU
SRLQWVýLQýWKHýVWXG\ýDUHDïýý7KHUHýDUHýVHYHUDOýZD\VýWRýGRýWKLVï
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&õLñWô ö
6>&õFñWô î G ëõFñLô@

6>ì î G ëõFñLô@
õèðëéô

,IýWKHýVSDWLDOýUHVROXWLRQýRIýPRGHOýUHFHSWRUVýLVýILQHUýWKDQýWKHýVSDWLDOýUHVROXWLRQýRIýH[SRVXUH
GLVWULFWVñýFRQFHQWUDWLRQVýFDQýEHýDVVLJQHGýWRýH[SRVXUHýGLVWULFWVýIURPýPRGHOLQJýUHFHSWRUVýWKDWýIDOO
ZLWKLQýHDFKýH[SRVXUHýGLVWULFWýDFFRUGLQJýWRýWKHýIRUPXODã

õèðëêô& Y W Y & F L WL Lõ ñ ô õ î ô õ ñ ñ ô= ∑ì

ZKHUHý&ÚLýõYñWôýLVýWKHýDYHUDJHýDPELHQWýSROOXWDQWýFRQFHQWUDWLRQýLQýH[SRVXUHýGLVWULFWýLýIURPýWKHýY
PRGHOHGýUHFHSWRUýSRLQWVýIRUýWLPHýVWHSýWñýYLýLVýWKHýQXPEHUýRIýUHFHSWRUýSRLQWVýLQýH[SRVXUHýGLVWULFWýLñ
DQGý&õFñLñWôýLVýWKHýDPELHQWýFRQFHQWUDWLRQýDWýUHFHSWRUýSRLQWýFýZLWKLQýH[SRVXUHýGLVWULFWýLýGXULQJýWLPH
VWHSýWïýý7KHýYDOXHVýRIý&õFñLñWôýDUHýVXPPHGýRYHUýWKHýWRWDOýQXPEHUýRIýUHFHSWRUýSRLQWVýLQýHDFK
H[SRVXUHýGLVWULFWýõLïHïñýYLôï

,IýWKHýVSDWLDOýUHVROXWLRQýRIýPRGHOHGýUHFHSWRUýSRLQWVýLVýPRUHýFRDUVHýWKDQýWKHýUHVROXWLRQýRI
H[SRVXUHýGLVWULFWVñýFRQFHQWUDWLRQVýFDQýEHýVSDWLDOO\ýLQWHUSRODWHGýWRýWKHýH[SRVXUHýGLVWULFWýFHQWURLGV
XVLQJýWKHýIRUPXODã

ZKHUHã &õFñWôý HVWLPDWHGýFRQFHQWUDWLRQýDWýUHFHSWRUýSRLQWýFýIRUýWLPHýVWHSýW
GõFñLôý GLVWDQFHýIURPýDýUHFHSWRUýSRLQWýFýDQGýWKHýFHQWURLGýRIýH[SRVXUHýGLVWULFWýLï

$OWHUQDWLYHO\ñýH[SRVXUHýGLVWULFWVýFRXOGýEHýUHGHILQHGýDVýDJJUHJDWLRQVýRIýFRQWLJXRXVýFHQVXVýWUDFWVñ
ZLWKýHDFKýWUDFWýDVVLJQHGýWKHýFRQFHQWUDWLRQýHVWLPDWHýDWýWKHýQHDUHVWýPRGHOHGýUHFHSWRUï

7KHýVHFRQGýPHWKRGýIRUýREWDLQLQJýDýWLPHýVHTXHQFHýRIýRXWGRRUýFRQFHQWUDWLRQVýIRUýHDFK
H[SRVXUHýGLVWULFWýLVýWKURXJKýWKHýXVHýRIýPRQLWRUHGýDPELHQWýGDWDïýý7KHUHýDUHýVHYHUDOýOLPLWDWLRQVýWR
WKHýXVHýRIýPRQLWRULQJýGDWDýIRUýDLUýWR[LFVïýý$WýSUHVHQWñýWKHýQXPEHUýRIýURXWLQHýPRQLWRULQJýVLWHVýIRU
DLUýWR[LFVýLVýPXFKýVPDOOHUýWKDQýIRUýFULWHULDýDLUýSROOXWDQWVïýý$OVRñýDLUýWR[LFVýDUHýRIWHQýPHDVXUHGýDV
ëéðKRXUýLQWHJUDWHGýVDPSOHVýWDNHQýHYHU\ýVL[WKýRUýWZHOIWKýGD\ïýý+RZHYHUñýZLWKýLQFUHDVHGýFRQFHUQ
DERXWýKHDOWKýHIIHFWVýIURPýWR[LFýDLUýSROOXWDQWVñý(3$ýSODQVýWRýLQFUHDVHýWKHýH[WHQWýRIýLWVýPRQLWRULQJ
HIIRUWVïýý,QýDGGLWLRQñýIXWXUHýGHYHORSPHQWýRIý75,0ï([SRýZLOOýPDNHýLWýHDVLHUýWRýXVHýDýYDULHW\ýRI
PDWKHPDWLFDOýWRROVýDQGýVSDWLDOýLQWHUSRODWLRQýWHFKQLTXHVýVXFKýDVýNULHJLQJýIRUýHVWLPDWLQJýRXWGRRU
SROOXWDQWýFRQFHQWUDWLRQVï

%HFDXVHýWKHýVSDWLDOýUHVROXWLRQýRIýPRQLWRUVñýHYHQýIRUýFULWHULDýDLUýSROOXWDQWVñýLVýW\SLFDOO\
UDWKHUýFRDUVHñýLWýLVýFXVWRPDU\ýWRýVSHFLI\ýH[SRVXUHýGLVWULFWVýE\ýDVVLJQLQJýFRQFHQWUDWLRQVýWRýFHQVXV
WUDFWVýDFFRUGLQJýWRýWKHýYDOXHVýPHDVXUHGýDWýWKHýQHDUHVWýPRQLWRUïýý8VLQJýWKLVýPHWKRGñýDQýDLU
SROOXWDQW©VýFRQFHQWUDWLRQýLVýDVVXPHGýWRýEHýWKHýVDPHýIRUýDOOýFHQVXVýWUDFWVýZLWKLQýDýSDUWLFXODU
H[SRVXUHýGLVWULFWïýý,QýPDNLQJýWKHVHýDVVLJQPHQWVñýDWWHQWLRQýVKRXOGýEHýSDLGýWRýWKHýVSDWLDOýDUHDýRI
UHSUHVHQWDWLRQýIRUýWKHýPRQLWRUVïýý7KHý(3$ýKDVýIRXUýGLIIHUHQWýPRQLWRUýFODVVLILFDWLRQVýDVýIROORZVã
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)LJXUHýèðë
+\SRWKHWLFDOý([SRVXUHý3URILOHý

&RYHULQJýëéý7LPHý6WHSV

ìï 0LFURðVFDOHãýýUHSUHVHQWDWLYHýRIýIURPýDýIHZýWRýìííýPâ

ëï 0LGGOHðVFDOHãýýUHSUHVHQWDWLYHýIURPýìííýWRýèííýPâ

êï 1HLJKERUKRRGðVFDOHãýýUHSUHVHQWDWLYHýIURPýíïèýWRýéýNPâýDQG

éï 8UEDQðVFDOHãýýUHSUHVHQWDWLYHýIURPýéýWRýèíýNPï

7KHUHýDUHýDýQXPEHUýRIýRXWGRRUýORFDWLRQVýWKDWýPD\ýKDYHýHQKDQFHGýSROOXWDQW
FRQFHQWUDWLRQVñýVXFKýDVýJDVROLQHýVWDWLRQVñýSDUNLQJýJDUDJHVñýDQGýQHDUýURDGZD\Vïýý$VýQRWHGýDERYHñýLI
WKHVHýPLFURHQYLURQPHQWVýDUHýQRWýPRGHOHGýRUýPRQLWRUHGýH[SOLFLWO\ýIRUýWKHýSDUWLFXODUýVWXG\ýDUHDñýLW
PD\ýEHýQHFHVVDU\ýWRýGHULYHýFRQFHQWUDWLRQýHVWLPDWHVýIURPýPHDVXUHPHQWVýLQýWKRVH
PLFURHQYLURQPHQWVýIURPýRWKHUýORFDWLRQVïýý$OWHUQDWLYHO\ñýLWýPD\ýEHýQHFHVVDU\ýWRýGHULYHýWKH
FRQFHQWUDWLRQVýIURPýWKHýPRUHýJHQHUDOL]HGýRXWGRRUýHVWLPDWHVýDQGýLQIRUPDWLRQýDERXWýWKH
UHODWLRQVKLSýEHWZHHQýWKHýJHQHUDOL]HGýRXWGRRUýFRQFHQWUDWLRQýDQGýWKHýRXWGRRUýPLFURHQYLURQPHQW
õHïJïñýWKHýGLVWULEXWLRQýRIýUDWLRVýRIý&2ýFRQFHQWUDWLRQVýQHDUýURDGZD\VýWRýFRQFHQWUDWLRQVýDWýRWKHU
RXWGRRUýORFDWLRQVôïýý6RPHýRIýWKLVýLQIRUPDWLRQýZLOOýEHýSURYLGHGýLQý75,0ï([SRïýý7KHýXVHUýZLOOýDOVR
KDYHýWKHýRSWLRQýRIýSURYLGLQJýKLVýRUýKHUýRZQýGLVWULEXWLRQVï

èïê ,17(*5$7,21ý2)ý(;32685(ý$&5266ý08/7,3/(ý/2&$7,216
$1'ý7,0(6

7KHý75,0ï([SRýPRGXOHýZLOOýKDYH
WKHýDELOLW\ýWRýLQWHJUDWHýH[SRVXUHVýRI
YDU\LQJýGXUDWLRQVýDFURVVýQXPHURXV
PLFURHQYLURQPHQWVïýý7KLVýLVýDFFRPSOLVKHG
E\ý75,0ï([SR©VýH[SRVXUH
FKDUDFWHUL]DWLRQýSURFHVVïýý7KHýSXUSRVHýRI
WKHýH[SRVXUHýFKDUDFWHUL]DWLRQýSURFHVVýLVýWR
FRPELQHýDQGýVLPXOWDQHRXVO\ýWUDFNýDOOýRI
WKHýUHOHYDQWýLQIRUPDWLRQýQHHGHGýWRýDVVHVV
H[SRVXUHVýDFURVVýVHYHUDOýH[SRVXUHýPHGLD
RFFXUULQJýZLWKýYDU\LQJýWLPHðGXUDWLRQVïýý,Q
WKLVýFKDSWHUñýWKHýH[SRVXUHýPHGLDýRI
FRQFHUQýDUHýRXWGRRUýDQGýLQGRRUýDLUïýý$V
QRWHGýDERYHñýIRUýHDFKýLQGLYLGXDOýRU
FRKRUWñýDýVHTXHQFHýRIýH[SRVXUHýHYHQWVýLV
GHILQHGïýý([SRVXUHðHYHQWýVHTXHQFHVýDUH
FKURQRORJLFDOýVHWVýRIýHYHQWVýWKDWýGHILQH
WKHýWLPHðDFWLYLW\ýDOORFDWLRQýRIýWKH
LQGLYLGXDOýRUýFRKRUWïýý$ýVLPSOHýH[DPSOHýRIýDQýH[SRVXUHðHYHQWýVHTXHQFHýLVýSUHVHQWHGýLQý7DEOHýéðç
õ6HFWLRQýéïëïèôïýý7KHýH[SRVXUHðHYHQWýVHTXHQFHýWUDFNVýWKHýLQGLYLGXDOýRUýFRKRUWýE\ýõìôýH[SRVXUH
GLVWULFWñýõëôýPLFURHQYLURQPHQWñýDQGýõêôýDFWLYLW\ýDWýHDFKýWLPHýVWHSïýý(DFKýH[SRVXUHýHYHQWýZLOOýEH
DVVRFLDWHGýZLWKýDQýH[SRVXUHýFRQFHQWUDWLRQýDQGýDýEUHDWKLQJýUDWHïýý7KHý75,0ï([SRýDOJRULWKPVýZLOO
XVHýWKHýLQIRUPDWLRQýRQýWKHýH[SRVXUHýFRQFHQWUDWLRQýDWýHDFKýWLPHýVWHSýWRýFUHDWHýDQýH[SRVXUHýWLPH
VHULHVýRUýSURILOHïýý)LJXUHýèðëýVKRZVýDQýH[DPSOHýRIýDQýH[SRVXUHýSURILOHýFRYHULQJýëéýWLPHýVWHSVïýý%\
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FRPELQLQJýWKHýH[SRVXUHýFRQFHQWUDWLRQýDQGýWKHýEUHDWKLQJýUDWHýDWýHDFKýWLPHýVWHSñý75,0ï([SRýZLOO
DOVRýFUHDWHýDýSRWHQWLDOýGRVHýSURILOHýõVHHý6HFWLRQýéïìïëôïýý0F&XUG\ýõìääæôýVXPPDUL]HVýWKH
GHILQLWLRQýRIýGRVHýSURILOHýDVýWKHýFROOHFWLRQýRIýWKHýLQVWDQWDQHRXVýLQWDNHýGRVHVýRYHUýDýWLPHýLQWHUYDO
õWíñýWìôñýZKHUHýWKHýLQVWDQWDQHRXVýLQWDNHýGRVHýLVýWKHýUDWHýDWýZKLFKýWKHýSROOXWDQWýSHQHWUDWHVýLQWRýWKH
WDUJHWýDWýDýJLYHQýLQVWDQWýRIýWLPHï

èïé 6800$5<ý2)ý,13876ý$1'ý9$/8(6

%HFDXVHýWKHýW\SHVýRIýGDWDýXVHGýLQýDý75,0ï([SRýH[SRVXUHýDQDO\VLVýDUHýTXLWHýGLYHUVHñýHDFK
RQHýLVýGHVFULEHGýLQýDýVHSDUDWHýVHFWLRQýEHORZïýý7KHVHýVHFWLRQVýVXPPDUL]HýWKHVHýGDWDýLQSXWVýDQG
SURYLGHýYDOXHVýIRUýWKHPýZKHUHYHUýSRVVLEOHï

èïéïì '$7$ý,13876ý)25ý7+(ý0$66ý%$/$1&(ý02'(/

7KHýPDVVýEDODQFHýPRGHOýõ(TXDWLRQýèðìëôýUHTXLUHVýLQIRUPDWLRQýRQýWKHýDLUýH[FKDQJHýUDWHñ
WKHýEXLOGLQJýYROXPHñýWKHýLQGRRUýJHQHUDWLRQýRIýWKHýSROOXWDQWñýWKHýIUDFWLRQýRIýWKHýSROOXWDQW
SHQHWUDWLQJýWKHýEXLOGLQJýIURPýRXWGRRUVñýDQGýWKHýSROOXWDQWýGHFD\ýUDWHïýý0DQ\ýRIýWKHVHýSDUDPHWHUV
GHSHQGýRQýVHYHUDOýIDFWRUVïýý)RUýH[DPSOHñýWKHýIUDFWLRQýRIýSROOXWDQWýPDVVýLQýLQILOWUDWLRQýDLUýWKDW
DFWXDOO\ýHQWHUVýWKHýEXLOGLQJýõLïHïñýWKHýSHQHWUDWLRQýUDWHôýGHSHQGVýXSRQýWKHýVWDWHýRIýWKHýSROOXWDQWýõLïHïñ
ZKHWKHUýLWýLVýDýJDVñýDýILQHýSDUWLFOHñýRUýDýFRDUVHýSDUWLFOHôñýWKHýW\SHýRIýEXLOGLQJýFRQVWUXFWLRQñýZKHWKHU
WKHýEXLOGLQJ©VýZLQGRZVýDUHýRSHQñýLIýZLQGRZVýDUHýRSHQñýE\ýKRZýPXFKñýDQGýWKHýW\SHýRIýDLU
FRQGLWLRQLQJýDQGîRUýDLUýKDQGOLQJýV\VWHPïýý7KHUHIRUHñýGDWDýDUHýQRWýDYDLODEOHýIRUýHYHU\ýSROOXWDQWýDQG
HYHU\ýVFHQDULRï

7ZRýIDFWRUVýWKDWýDUHýLPSRUWDQWýWRýWKHýFDOFXODWLRQýRIýLQGRRUýFRQFHQWUDWLRQVýZKLFKýDUHýQRW
SROOXWDQWðVSHFLILFýDUHýWKHýDLUýH[FKDQJHýUDWHýDQGýEXLOGLQJýYROXPHïýý'DWDýRQýWKHVHýIDFWRUVýKDYHýEHHQ
FROOHFWHGýE\ýQXPHURXVýVWXGLHVýLQýGLIIHUHQWýSDUWVýRIýWKHý8ï6ïýý6RPHýRIýWKHVHýGDWDýZHUHýVXPPDUL]HG
LQý-RKQVRQýHWýDOïýõìäääôýIRUýWKHýS1(0î&2ýPRGHOýDQGýDUHýVKRZQýLQý7DEOHVýèðìýDQGýèðëïýý7DEOHýèð
ìýVKRZVýWKHýVRXUFHVýRIýLQIRUPDWLRQýRQýWKHýGLVWULEXWLRQVýIRUýDLUýH[FKDQJHýDQGýEXLOGLQJýYROXPHVïý
7DEOHýèðëýVKRZVýWKHýUHIHUHQFHVýIRUýVSHFLILFýPLFURHQYLURQPHQWDOýDLUýH[FKDQJHýUDWHýGDWDïýý7KHVH
PLFURHQYLURQPHQWVýFRUUHVSRQGýWRýWKRVHýFXUUHQWO\ýXVHGýLQýS1(0î&2ïýý,QIRUPDWLRQýRQýEXLOGLQJ
YROXPHýDQGýDLUýH[FKDQJHýUDWHýZLOOýQHHGýWRýEHýGHYHORSHGýIRUýDGGLWLRQDOýPLFURHQYLURQPHQWVýIRU
75,0ï([SRýV\VWHPýDSSOLFDWLRQVýWRýRWKHUýSROOXWDQWVýEDVHGýRQýWKHVHýDQGýRWKHUýGDWDEDVHVï
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7DEOHýèðì
'LVWULEXWLRQVýDQGý5HIHUHQFHVýIRUý$LUý([FKDQJHýDQGý%XLOGLQJý9ROXPHý'DWD

3DUDPHWHU 'LVWULEXWLRQýRIý3DUDPHWHU 5HIHUHQFH

$LUýH[FKDQJHýUDWHñýH[FKDQJHVîKã
UHVLGHQFHýðýZLQGRZVýFORVHG

/RJQRUPDOýGLVWULEXWLRQVýE\ýVHDVRQ 0XUUD\ýDQGý%XUPDVWHUýìääè

$LUýH[FKDQJHýUDWHñýH[FKDQJHVîKã
UHVLGHQFHýðýZLQGRZVýRSHQ

/RJQRUPDOýGLVWULEXWLRQ -RKQVRQñý:HDYHUñý0R]LHUýHWýDOïñ
ìääå

$LUýH[FKDQJHýUDWHñýH[FKDQJHVîKã
QRQUHVLGHQWLDOñýHQFORVHG
PLFURHQYLURQPHQWVñýLQFOXGLQJ
PRWRUýYHKLFOHV

6HHý7DEOHýèðë 6HHý7DEOHýèðë

5HVLGHQWLDOýYROXPHñýFXELFýPHWHUV /RJQRUPDOýGLVWULEXWLRQ %XUHDXýRIý&HQVXVýìääè

7DEOHýèðë
'LVWULEXWLRQVýDQGý5HIHUHQFHVýIRUý6SHFLILFý0LFURHQYLURQPHQWDOý

$LUý([FKDQJHý5DWHý'DWD

0LFURHQYLURQPHQW

$FWLYLW\ý'LDU\ý/RFDWLRQVý,QFOXGHGýLQ
0LFURHQYLURQPHQW

'LVWULEXWLRQýRIý$LU
([FKDQJHý5DWH

'LVWULEXWLRQ
7\SH

6RXUFHýRI
'DWD*HQHUDO

/RFDWLRQ
6SHFLILF
/RFDWLRQ

,QGRRUV 1RQUHVLGHQFHý$ 6HUYLFHýVWDWLRQýRUýDXWRýUHSDLU /RJQRUPDO D

,QGRRUV 1RQUHVLGHQFHý%
2WKHUýUHSDLUýVKRS
6KRSSLQJýPDOO

/RJQRUPDO D

,QGRRUV 1RQUHVLGHQFHý&
5HVWDXUDQW

2WKHUýLQGRRUýORFDWLRQ
$XGLWRULXP

/RJQRUPDO D

,QGRRUV 1RQUHVLGHQFHý'
6WRUH
2IILFH

2WKHUýSXEOLFýEXLOGLQJ
/RJQRUPDO D

,QGRRUV 1RQUHVLGHQFHý(
+HDOWKýFDUHýIDFLOLW\ñý6FKRROñ
&KXUFKñý0DQXIDFWXULQJýIDFLOLW\

/RJQRUPDO E

,QGRRUV
5HVLGHQWLDO
JDUDJH

5HVLGHQWLDOýJDUDJH /RJQRUPDO D

9HKLFOH $XWRPRELOH $XWRPRELOH /RJQRUPDO F

9HKLFOH 2WKHU
%XVñý7UXFNñý%LF\FOHñý0RWRUF\FOHñ

7UDLQîVXEZD\ñ
2WKHUýYHKLFOH

/RJQRUPDO F

9HKLFOH $LUSODQH $LUSODQH 1$ ðð
Dý'DWDýVHWýFRQWDLQLQJýDOOýQRQðVFKRROý$(5ýYDOXHVýSURYLGHGýE\ý7XUNýHWýDOïýõìäåäôýDQGý&(&ýõ/DJXVý$SSOLHGý7HFKQRORJ\ñý,QFïýìääèôï
Eý'DWDýVHWýFRQWDLQLQJýDOOý$(5ýYDOXHVýSURYLGHGýE\ý7XUNýHWýDOïýõìäåäôýDQGý&(&ýõ/DJXVý$SSOLHGý7HFKQRORJ\ñý,QFïýìääèôï
Fý2WWñý6ZLW]HUñýDQGý:LOOLVýõìääéôïýý
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7KHýWLPHîDFWLYLW\ýGDWDýIRUýXVHýLQý75,0ï([SRýZHUHýREWDLQHGýIURPý&+$'ïýý7KHý&+$'ýLV
FRPSULVHGýRIýDSSUR[LPDWHO\ýìæñíííýSHUVRQðGD\VýRIýëéðKRXUýWLPHîDFWLYLW\ýGDWDýGHYHORSHGýIURP
HLJKWýVXUYH\Výõ*OHQýHWýDOïýìääæôïýý7KHýVXUYH\VýLQFOXGHýSUREDELOLW\ðEDVHGýUHFDOOýVWXGLHVýFRQGXFWHG
E\ý(3$ýDQGýWKHý&DOLIRUQLDý$LUý5HVRXUFHVý%RDUGñýDVýZHOOýDVýUHDOðWLPHýGLDU\ýVWXGLHVýFRQGXFWHGýLQ
LQGLYLGXDOý8ï6ïýPHWURSROLWDQýFLWLHVýXVLQJýERWKýSUREDELOLW\ðEDVHGýDQGýYROXQWHHUýVXEMHFWýSDQHOVïý
$OOýDJHVýRIýERWKýJHQGHUVýDUHýUHSUHVHQWHGýLQý&+$'ïýý7KHýGDWDýIRUýHDFKýVXEMHFWýFRQVLVWýRIýRQHýRU
PRUHýGD\VýRIýVHTXHQWLDOýDFWLYLWLHVýLQýZKLFKýHDFKýDFWLYLW\ýLVýGHILQHGýE\ýVWDUWýWLPHñýGXUDWLRQñ
DFWLYLW\ýW\SHýõìéíýFDWHJRULHVôñýDQGýPLFURHQYLURQPHQWýFODVVLILFDWLRQýõììíýFDWHJRULHVôïýý$FWLYLWLHV
YDU\ýIURPýRQHýPLQXWHýWRýRQHýKRXUýLQýGXUDWLRQñýZLWKýORQJHUýDFWLYLWLHVýEHLQJýVXEGLYLGHGýLQWRýFORFNð
KRXUýGXUDWLRQVýWRýIDFLOLWDWHýH[SRVXUHýPRGHOLQJïýý5HIHUýWRý6HFWLRQýéïêïêýIRUýDýPRUHýGHWDLOHG
GLVFXVVLRQýRIý&+$'ï

([WUDSRODWLQJýWKHýLQIRUPDWLRQýIURPýVKRUWðWHUPýUHFDOOýVXUYH\VýWRýORQJHUðWHUPýFKURQLF
H[SRVXUHýDVVHVVPHQWVýLVýFXUUHQWO\ýDýSRWHQWLDOýVRXUFHýRIýXQFHUWDLQW\ýLQýH[SRVXUHýPRGHOLQJïý
$GGLWLRQDOýUHVHDUFKýLQWRýORQJHUýWHUPýDFWLYLW\ýSDWWHUQýGDWDýLVýQHHGHGýWRýDGGUHVVýWKLVýVKRUWFRPLQJïý
7KHý(3$©Vý2IILFHýRIý5HVHDUFKýDQGý'HYHORSPHQWýLVýHPEDUNLQJýRQýUHVHDUFKýWRýGHYHORSýVWDWLVWLFDO
PHWKRGVýWRýGHYHORSýORQJðWHUPýH[SRVXUHýSURILOHVýIURPýWKHýDFWLYLW\ýSDWWHUQýVXUYH\ýGDWDýWKDWýLV
FXUUHQWO\ýDYDLODEOHýõ2]ND\QDNýìäääôïýý$VýSDUWýRIýWKLVýHIIRUWñýFDUHIXOýDQDO\VLVýRIýPXOWLGD\ýGLDULHV
IURPýFXUUHQWO\ýDYDLODEOHýVXUYH\VýZLOOýEHýXVHGýWRýGHYHORSýDOWHUQDWLYHýVWDWLVWLFDOýDSSURDFKHVýIRUý
JHQHUDWLQJýFRUUHODWHGýGLDULHVýIRUýDFWLYLW\ýDQGýFRQVXPSWLRQýLQIRUPDWLRQýDWýWKHýLQGLYLGXDOýOHYHOïý
2QFHýWKHVHýVWDWLVWLFDOýDSSURDFKHVýDUHýGHYHORSHGñýWKH\ýZLOOýEHýLQFRUSRUDWHGýLQWRý75,0ï([SRýDV
DSSURSULDWHïýý8OWLPDWHO\ñý\HDUðORQJýRUýJUHDWHUýPHDVXUHGýH[SRVXUHýGDWDýZLOOýQHHGýWRýEHýFROOHFWHGýWR
YHULI\ýWKHýYDOLGLW\ýRIýWKHVHýVWDWLVWLFDOýWHFKQLTXHVï

$ýVWDWLVWLFDOýWHFKQLTXHýGHYHORSHGýWRýDXJPHQWýWKHýDFWLYLW\ýSDWWHUQýGDWDýIRUýS1(0î&2ýZLOO
EHýXVHGýGXULQJýWKHýLQLWLDOýGHYHORSPHQWýRIý75,0ï([SRïýý(DUOLHUýYHUVLRQVýRIýS1(0î&2ýGHILQHG
FRKRUWVýVROHO\ýDFFRUGLQJýWRýKRPHýGLVWULFWñýGHPRJUDSKLFýJURXSñýZRUNýGLVWULFWýõLIýDSSOLFDEOHôñýDQG
UHVLGHQWLDOýFRRNLQJýIXHOïýý7KHýQHZýIHDWXUHýLQVWDOOHGýLQýS1(0î&2ýõ9HUVLRQýëïíôýSHUPLWVýWKHýXVHU
WRýVSHFLI\ýDý¦UHSOLFDWLRQ§ýYDOXHýõQôýVXFKýWKDWýWKHýPRGHOýZLOOýSURGXFHýQýFRKRUWVýIRUýHDFK
FRPELQDWLRQýRIýWKHýDERYHýIRXUýLQGLFHVïýý%HFDXVHýS1(0î&2ýXVHVýDý0RQWHý&DUORýSURFHVVýWR
FRQVWUXFWýDQýDFWLYLW\ýSDWWHUQýIRUýHDFKýFRKRUWñýHDFKýRIýWKHýQýFRKRUWVýDVVRFLDWHGýZLWKýDýSDUWLFXODU
FRPELQDWLRQýRIýKRPHýGLVWULFWñýGHPRJUDSKLFýJURXSñýZRUNýGLVWULFWñýDQGýUHVLGHQWLDOýFRRNLQJýIXHOýLV
DVVRFLDWHGýZLWKýDýGLVWLQFWýH[SRVXUHýVHTXHQFHïýý7KHýUHSOLFDWLRQýIHDWXUHýSHUPLWVýWKHýDQDO\VWýWR
GLYLGHýWKHýSRSXODWLRQýRIýLQWHUHVWýLQWRýDýODUJHUýQXPEHUýRIýVPDOOHUýFRKRUWVâýDýSURFHVVýZKLFK
S1(0î&2©VýGHYHORSHUVýUHSRUWýGHFUHDVHVýWKHý¦OXPSLQHVV§ýRIýWKHýH[SRVXUHýVLPXODWLRQïýý)RU
H[DPSOHñýLIýDýUHSOLFDWLRQýYDOXHýRIýILYHýõQý ýèôýLVýVSHFLILHGñýWKHýS1(0î&2ýPRGHOýDQDO\]HVýILYH
WLPHVýWKHýQXPEHUýRIýFRKRUWVýLWýZRXOGýKDYHýFRQVLGHUHGýLIýWKHýFRKRUWVýKDGýEHHQýGHILQHGýVROHO\ýE\
KRPHýGLVWULFWñýGHPRJUDSKLFýJURXSñýZRUNýGLVWULFWñýDQGýUHVLGHQWLDOýFRRNLQJýIXHOïýý7KHýXVHýRI
UHSOLFDWLRQýYDOXHVýLVýDýWHFKQLTXHýWKDWýLVýLQWHQGHGýWRýHQKDQFHýWKHýXWLOLW\ýRIýH[LVWLQJýGDWDýZKLOHýPRUH
UREXVWýVWDWLVWLFDOýWHFKQLTXHVýDUHýGHYHORSHGýDQGýDGGLWLRQDOýGDWDýDUHýFROOHFWHGýRQýFKURQLFýRU
ORQJLWXGLQDOýH[SRVXUHVýRIýLQGLYLGXDOVýZLWKLQýWKHýSRSXODWLRQï
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$VýGHVFULEHGýLQý6HFWLRQýèïìïèñý&+$'ýSURYLGHVýDQýDFWLYLW\ýLQGLFDWRUýIRUýHDFKýH[SRVXUH
HYHQWïýý,QýWXUQñýDýGLVWULEXWLRQýRIýYDOXHVýIRUýWKHýUDWLRýRIýR[\JHQýXSWDNHýUDWHýWRýERG\ýPDVVýõUHIHUUHG
WRýDVýPHWDEROLFýHTXLYDOHQWVýRUý¦0(7V§ôýLVýSURYLGHGýIRUýHDFKýDFWLYLW\ýW\SHýOLVWHGýLQý&+$'ïýý7KH
IRUPVýDQGýSDUDPHWHUVýRIýWKHVHýGLVWULEXWLRQVýZHUHýGHWHUPLQHGýWKURXJKýDQýH[WHQVLYHýUHYLHZýRIýWKH
H[HUFLVHýDQGýQXWULWLRQýOLWHUDWXUHïýý7KHýSULPDU\ýVRXUFHýRIýGLVWULEXWLRQDOýGDWDýZDVýDýFRPSHQGLXP
GHYHORSHGýVSHFLILFDOO\ýWRýIDFLOLWDWHýWKHýFRGLQJýRIýSK\VLFDOýDFWLYLWLHVýDQGýWRýSURPRWHýFRPSDUDELOLW\
DFURVVýVWXGLHVýE\ý$LQVZRUWKýHWýDOïýõìääêôïýý7DEOHýèðêýFRQWDLQVýDýOLVWýRIýWKHýSDUDPHWHUVýXVHGýLQ
S1(0î&2ýõ9HUVLRQýëïíôýIRUýHVWLPDWLQJýYHQWLODWLRQýUDWHVï

7DEOHýèðê
3DUDPHWHUVý8VHGýWRý(VWLPDWHý9HQWLODWLRQý5DWHV

3DUDPHWHU $EEUHYLDWLRQ )XQFWLRQDOý)RUP 6RXUFHýRIý'DWD

%RG\ýPDVV %0 /RJQRUPDOýGLVWULEXWLRQ %UDLQDUGýDQGý%XUPDVWHUýìääë

0HWDEROLFýHTXLYDOHQFH 0(7
'LVWULEXWLRQýVSHFLILHGýLQ
&+$'ý'DWDEDVH

-RKQVRQýHWýDOïýìäää

5HVWLQJýPHWDEROLFýUDWH 505
5HJUHVVLRQýHTXDWLRQV
VSHFLILFýWRýDJHýDQGýJHQGHU

6FKRILHOGýìäåèñýDVýFRPSLOHGýE\
-RKQVRQýHWýDOïýìäää

1RUPDOL]HGýR[\JHQ
XSWDNHýUDWH

192ëPD[ 1RUPDOýGLVWULEXWLRQ

cVWUDQGýìäçíñý0HUFLHUýHWïýDOïýìääìñ
.DWFKýDQGý3DUNýìäæèñý+HLOýHWïýDOï
ìääèñý0HUPLHUýHWýDOïýìääêñý5RZODQG
HWýDOïýìäåæ
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)RUýPDQ\ýSROOXWDQWVñýDQýXQGHUVWDQGLQJýRIýWKHýLQJHVWLRQýH[SRVXUHýSDWKZD\ýLVýFULWLFDOýWR
DFFXUDWHO\ýDVVHVVLQJýSRWHQWLDOýKHDOWKýULVNVïýý7KLVýFKDSWHUýSURYLGHVýDýGHWDLOHGýSUHVHQWDWLRQýRIýWKH
DOJRULWKPVýXVHGýLQý75,0ï([SRýWRýDVVHVVñýFRPSDUHñýDQGýFRPELQHýGLIIHUHQWýLQJHVWLRQýSDWKZD\VýRI
H[SRVXUHïýý,QJHVWLRQýH[SRVXUHVýDUHýFKDUDFWHUL]HGýLQý75,0ï([SRýXVLQJýWKHýSRWHQWLDOýDYHUDJHýGDLO\
GRVHýõ$''ôïýý7KHýLQJHVWLRQýH[SRVXUHý$''ýUHSUHVHQWVýWKHýDPRXQWýRIýSROOXWDQWýWKDWýHQWHUVýWKH
PRXWKýRIýWKHýH[SRVHGýLQGLYLGXDOýRYHUýDýGHILQHGýH[SRVXUHýHYHQWýRUýGXULQJýDýGHILQHGýH[SRVXUH
GXUDWLRQïýý7KLVýFKDSWHUýEHJLQVýE\ýSURYLGLQJýDQýRYHUYLHZýRIýWKHýJHQHUDOýDSSURDFKýXVHGýLQ
75,0ï([SRýWRýFKDUDFWHUL]HýWKHýHTXLYDOHQWýGDLO\ýLQWDNHýIURPýDQýH[SRVXUHýPHGLXPïýý2IýSDUWLFXODU
LPSRUWDQFHýKHUHýLVýKRZýWKHýDWWULEXWHVýRIýLQJHVWLRQýH[SRVXUHýGHILQHýWKHýVSDWLDOñýWHPSRUDOñýDQG
FRKRUWýUHVROXWLRQýRIýWKHýLQJHVWLRQýH[SRVXUHýDOJRULWKPVïýý7KLVýLVýIROORZHGýE\ýDýGHVFULSWLRQýRIýWKH
PHGLDðVSHFLILFýDOJRULWKPVýXVHGýWRýHVWLPDWHýWKHVHýH[SRVXUHVýLQý75,0ï([SRïýý7KHýFKDSWHU
FRQFOXGHVýZLWKýDýSUHVHQWDWLRQýRIýWKHýLQSXWVýDQGýGHIDXOWýYDOXHVýQHFHVVDU\ýWRýDVVHVVýWKHýLQJHVWLRQ
H[SRVXUHýSDWKZD\ïý

çïì 29(59,(:ý2)ý7+(ý$3352$&+

,Qý6HFWLRQýëïêïëñýDOOýH[SRVXUHýDWWULEXWHVýUHOHYDQWýWRýH[SRVXUHýURXWHVýDQGýSDWKZD\VýZHUH
RUJDQL]HGýLQWRýDýVHWýRIýWKUHHýNH\ýH[SRVXUHýGLPHQVLRQVýWKDWýKDVýDýVLJQLILFDQWýLPSDFWýRQýWKH
VWUXFWXUHýRIýWKHýH[SRVXUHýPRGHOýõHïJïñýRQýWKHýH[SRVXUHýPHGLDýLQFOXGHGñýWKHýGHJUHHýRIýVSDWLDO
UHVROXWLRQñýDQGýWKHýOHYHOýRIýWHPSRUDOýDQGýVSDWLDOýDJJUHJDWLRQôïýý7KHVHýWKUHHýLPSRUWDQWýNH\
H[SRVXUHýGLPHQVLRQVýRIýWKHýH[SRVXUHýDVVHVVPHQWýSUREOHPýZHUHýGHWHUPLQHGýWRýEHýWKHýõìôýURXWHýRI
H[SRVXUHñýõëôýWLPHýVFDOHýRIýDQýH[SRVXUHýHYHQWýUHOHYDQWýWRýWKHýSROOXWDQW©VýDVVRFLDWHGýHIIHFWVñýDQG
õêôýGHJUHHýRIýORFDWLRQýGHSHQGHQFHýõLïHïñýGHSHQGHQFHýRIýH[SRVXUHýRQýWKHýORFDWLRQýRIýWKHýH[SRVHG
VXEMHFWôïýý

,QýDGGLWLRQýWRýLQFRUSRUDWLQJýWKHýDERYHýH[SRVXUHýGLPHQVLRQVñýLQJHVWLRQýH[SRVXUHðHYHQW
IXQFWLRQVýPXVWýDOVRýDFFRXQWýIRUýVRPHýXQLTXHýPRGHOLQJýFRQVWUDLQWVïýý)RUýH[DPSOHñýVORZHUýUDWHVýRI
WHPSRUDOýYDULDWLRQýLQýSROOXWDQWýFRQFHQWUDWLRQVýDUHýH[KLELWHGýLQýVRLOñýZDWHUñýYHJHWDWLRQñýDQG
DQLPDOVýEHFDXVHýRIýWKHLUýODUJHUýPDVVýDQGýWHQGHQF\ýWRýUHWDLQýSROOXWDQWVïýý)XUWKHUPRUHñýWKHýIRRGýDQG
ZDWHUýFRQVXPSWLRQýGDWDýDYDLODEOHýIURPýVRXUFHVñýVXFKýDVý(3$©Vý([SRVXUHý)DFWRUVý+DQGERRN
õ8ï6ïý(3$ýìääæEôñýSURYLGHýRQO\ýVHDVRQDOýUHVROXWLRQýZKLFKýOLPLWVýWKHýXVHýRIýWKLVýGDWDýIRUýVKRUWHUð
WHUPýDVVHVVPHQWVïýý7KXVñýLQJHVWLRQýH[SRVXUHýDOJRULWKPVýIRUýPHGLDýVXFKýDVýZDWHUñýVRLOñýDQGýKRPHð
JURZQýRUýORFDOO\ðSURGXFHGýIRRGVýFDQQRWýVXSSRUWýDVýKLJKýDýGHJUHHýRIýWLPHýDQGýVSDWLDOýUHVROXWLRQýDV
LQKDODWLRQýH[SRVXUHVïýý

ý%DVHGýRQýWKHýDERYHýFRQVWUDLQWVñýWKHýH[SRVXUHðHYHQWýIXQFWLRQVýIRUýLQJHVWLRQýIRFXVýRQ
SROOXWDQWýFRQFHQWUDWLRQýYDULDWLRQVýDPRQJýH[SRVXUHýGLVWULFWVïýý$FWLYLWLHVýõLïHïñýLQJHVWLRQýSDWWHUQVô
DUHýFKDUDFWHUL]HGýDVýGDLO\ýHTXLYDOHQWýLQWDNHVýUHSUHVHQWDWLYHýRIýHDFKýPRQWKïýý&RQFHQWUDWLRQVýDUH
DVVHVVHGýDWýDýWLPHýUHVROXWLRQýRIýGDLO\ýRUýJUHDWHUýDQGýDUHýWKHQýDYHUDJHGýIRUýDýUHSUHVHQWDWLYH
H[SRVXUHýGXUDWLRQýõLïHïñýPRQWKO\ôï

7RýFKDUDFWHUL]HýDQýLQJHVWLRQýH[SRVXUHñýWKHýLQJHVWLRQýLQWDNHýDOJRULWKPVýUHTXLUH
LQIRUPDWLRQýRQýWKHýIROORZLQJýIDFWRUVã
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� 7KHýSROOXWDQWýFRQFHQWUDWLRQýLQýWKHýH[SRVXUHýPHGLXPýGXULQJýDQýH[SRVXUHýHYHQWâ

� 7KHýLQJHVWLRQýUDWHýRIýWKHýH[SRVXUHýPHGLXPýGXULQJýDQýH[SRVXUHýHYHQWâ

� 7KHýERG\ýZHLJKWýRIýWKHýLQGLYLGXDOýH[SRVHGýRUýWKHýERG\ýZHLJKWýGLVWULEXWLRQýRIýWKHýH[SRVHG
FRKRUWâ

� 7KHýIUDFWLRQýRIýWKHýFRKRUW©VýLQJHVWHGýZDWHUñýVRLOñýDQGýIRRGýSURGXFWVýWKDWýFRPHýIURPýDQ
H[SRVXUHýGLVWULFWýZLWKýDýVSHFLILHGýSROOXWDQWýFRQFHQWUDWLRQýLQýWKHýH[SRVXUHýPHGLXPâýDQGý

� 7KHýIUHTXHQF\ýRIýH[SRVXUHýHYHQWVýRYHUýWKHýH[SRVXUHýGXUDWLRQï

)LJXUHýçðìýEHORZýLOOXVWUDWHVýKRZýWKLVýLQIRUPDWLRQýLVýOLQNHGýWRýFKDUDFWHUL]HýH[SRVXUHýDQG
LQWDNHýRYHUýDQýH[SRVXUHýGXUDWLRQïý

)LJXUHýçðìý
$Qý,OOXVWUDWLRQýRIý+RZý,QIRUPDWLRQýLVý&RPELQHGýWRý$VVHVVý
,QJHVWLRQý([SRVXUHýRYHUýDý'HILQHGý([SRVXUHý'XUDWLRQ
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,QýRUGHUýWRýRUJDQL]HýWKLVýLQIRUPDWLRQýLQWRýDýIRUPýWKDWýH[SUHVVHVýSRSXODWLRQýH[SRVXUHñýDQ
DOJRULWKPýRIýWKHýIROORZLQJýIRUPýLVýXVHGýIRUýHDFKýH[SRVXUHýPHGLXPýFRQVLGHUHGýLQý75,0ï([SRã
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ZKHUHã

$'']ñPõ7ô  IRUýLQGLYLGXDOýRUýFRKRUWý]ýWKHýDYHUDJHýGDLO\ýGRVHýRUýLQWDNHýRIýD
SROOXWDQWýIURPýH[SRVXUHýPHGLXPýPýDYHUDJHGýRYHUýWKHýWLPHýSHULRG
7ñýZKLFKýLVýRQHýGD\ýRUýJUHDWHU

>,]ñPõNñOôî%:@  WKHýHTXLYDOHQWýUDWHýRIýLQWDNHýRIýH[SRVXUHýPHGLXPýPýõH[SUHVVHG
NJîGñý/îGôýRYHUýWKHýWLPHýVWHSýWýE\ýLQGLYLGXDOýRUýFRKRUWý]ýGLYLGHGýE\
WKDWýLQGLYLGXDOöVýERG\ýZHLJKWýõ%:ôïýý7KHýPLFURHQYLURQPHQWýDQG
DFWLYLW\ýFRGHVýNýDQGýOýDUHýQRWýXVHGýLQýWKHýLQJHVWLRQýFDOFXODWLRQVñýEXW
DUHýLQFOXGHGýKHUHýWRýSURYLGHýFRQVLVWHQF\ýZLWKýWKHýJHQHUDOýH[SRVXUH
PRGHOýSUHVHQWHGýLQý&KDSWHUýëïý7KLVýSDUDPHWHUýFDQýEHýREWDLQHGýIURP
(3$©Vý([SRVXUHý)DFWRUVý+DQGERRNýõ8ï6ïý(3$ýìääæEôýIRUýPRVW
H[SRVXUHýPHGLD

&PõLñNñOñWôý  ý WKHýSROOXWDQWýFRQFHQWUDWLRQýLQýPJîNJýLQýH[SRVXUHýPHGLXPýPýõHïJïñ
WDSýZDWHUñýGDLU\ýSURGXFWVñýPHDWñýILVKñýYHJHWDEOHVôýLQýH[SRVXUH
GLVWULFWýLýRUýORFDWLRQýRIýWKHýH[SRVXUHýPHGLDýLWVHOIñýDYHUDJHGýRYHUýWKH
WLPHýVWHSýWïýý7KHVHýFRQFHQWUDWLRQVýDUHýREWDLQHGýIURPýHQYLURQPHQWDO
VDPSOHVýRUýIURPýDýIDWHýDQGýWUDQVSRUWýPRGHOýVXFKýDVý75,0ï)D7(

()]ñPõLñWô  WKHýIUHTXHQF\ýõIUDFWLRQýRIýGD\VýLQýWKHýWLPHýVWHSôýWKDWýLQGLYLGXDOýRU
FRKRUWý]ýIURPýGLVWULFWýLýKDVýFRQWDFWýZLWKýH[SRVXUHýPHGLXPýPýGXULQJ
WLPHýVWHSýWïýý7KLVýWHUPýLVýXVHGýWRýPDNHýDGMXVWPHQWVýIRUýIDFWRUVýVXFK
DVýGULQNLQJýZDWHUýFRQVXPSWLRQýWKDWýFDQýEHýGLVSHUVHGýDPRQJýVHYHUDO
H[SRVXUHýGLVWULFWVïýý7\SLFDOO\ñýIRUýIRRGñýWKHýH[SRVXUHýIUHTXHQF\ýLV
VHWýHTXDOýWRýWKHýQXPEHUýRIýGD\VýLQýWKHýWLPHýVWHSýEHFDXVHýWKH
H[SRVXUHýIUHTXHQF\ýLVýDOUHDG\ýLPSOLFLWO\ýLQFRUSRUDWHGýLQWRýWKHýGDLO\
LQWDNHýUDWHï

(7õWô  WKHýGXUDWLRQýRIýWLPHýVWHSýWýLQýPRQWKVýRUýGD\VýGHSHQGLQJýRQýWKHýWLPH
UHVROXWLRQýUHTXLUHG

P  WKHýH[SRVXUHýPHGLXPýFRQWDFWHGýõHïJïñýDLUñýZDWHUñýIRRGô
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L  WKHýJHRJUDSKLFDOýORFDWLRQýLQýZKLFKýWKHýH[SRVXUHýWDNHVýSODFHýõLïHïñ
WKHýH[SRVXUHýGLVWULFWôýRUýWKHýORFDWLRQýRIýRULJLQýRIýWKHýH[SRVXUH
PHGLDýRIýFRQFHUQýõHïJïñýGULQNLQJýZDWHUôï

Ný  ýý PLFURHQYLURQPHQWýLQýZKLFKýWKHýH[SRVXUHýRFFXUVñý>HïJïñýLQGRRUVýDW
KRPHâýLQýDýYHKLFOHâýLQGRRUVýDWýZRUNýõQRWýDQýLPSRUWDQWýDWWULEXWHýIRU
LQJHVWLRQýH[SRVXUHVô@

Oý  ý DFWLYLW\ýFRGHýWKDWýGHVFULEHVýZKDWýWKHýLQGLYLGXDOýLVýGRLQJýDWýWKHýWLPH
RIýH[SRVXUHýõHïJïñýUHVWLQJñýZRUNLQJñýSUHSDULQJýIRRGñýFOHDQLQJñ
HDWLQJô

7KHýVXPPDWLRQýRIýSROOXWDQWýH[SRVXUHVýIURPýDOOýH[SRVXUHýPHGLDýLVýRYHUýDOOýWLPHýVWHSVñýWñýWKDW
FRPSULVHýWKHýWLPHýSHULRGñý7ï

çïìïì 6(/(&7,21ý2)ý3238/$7,21ý&2+2576

)RUýLQJHVWLRQýH[SRVXUHVñýLPSRUWDQWýDWWULEXWHVýWKDWýGHILQHýFRKRUWVýLQFOXGHýDJHñýJHQGHUñ
H[SRVXUHýGLVWULFWñýZDWHUýVXSSO\ñýFRQVXPSWLRQýRIýKRPHðJURZQýIRRGVñýDQGýFRQVXPSWLRQýRIýORFDOO\ð
SURGXFHGýIRRGVïýý7DEOHýçðìýVXPPDUL]HVýWKHýLQLWLDOýVHWýRIýFRKRUWýDWWULEXWHVýXVHGýLQý75,0ï([SRýIRU
LQJHVWLRQýH[SRVXUHVïýý7KHVHýDWWULEXWHVýZHUHýVHOHFWHGýEDVHGýRQýLQIRUPDWLRQýDYDLODEOHýLQýNH\
UHIHUHQFHVýVXFKýDVý(3$©Vý([SRVXUHý)DFWRUVý+DQGERRNïýý7KHUHýDUHýILIWHHQýSULPDU\ýDWWULEXWHVýOLVWHG
LQýWKLVýWDEOHýWKDWýFDQýEHýXVHGýWRýFRQVWUXFWýFRKRUWVýIRUýLQJHVWLRQýH[SRVXUHýDVVHVVPHQWVñýWKXV
SRWHQWLDOO\ýOHDGLQJýWRýDýODUJHýQXPEHUýRIýFRKRUWVïýý+RZHYHUñýPDQ\ýRIýWKHýSULPDU\ýDWWULEXWHVýFDQýEH
FRPELQHGýõHïJïñýKRPHðJURZQýIRRGVýFDQýEHýDJJUHJDWHGýLQWRýDýVLQJOHýSULPDU\ýDWWULEXWHýLQVWHDGýRI
IRXUýVHSDUDWHýFDWHJRULHVýDVýVKRZQýLQý7DEOHýçðìôïýý%\ýFRPELQLQJýDWWULEXWHVñýWKHýQXPEHUýRIýFRKRUWV
LQýWKHýH[SRVXUHýDQDO\VLVýLVýVLJQLILFDQWO\ýUHGXFHGïýý

7DEOHýçðìý
3ULPDU\ý$WWULEXWHVýRIý([SRVXUHý&RKRUWV

3ULPDU\ý&RKRUWý$WWULEXWHV

ýõìôýý$JH

ýýýýýýýýýýýý&KLOG

ýýýýýýýýýýýý$GXOW

õëôýý*HQGHU

ýýýýýýýýýýýý0DOH

ýýýýýýýýýýýý)HPDOH

([SRVXUHýGLVWULFW

ýýýýýýýýýýýýõêôýý5HVLGHQWLDO

ýýýýýýýýýýýýõéôýý:RUNðVFKRRO
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ýõèôýý:DWHUýVXSSO\

ýýýýýýýýýýýý6XUIDFHýZDWHU

ýýýýýýýýýýýý*URXQGýZDWHUýõSXEOLFýZHOOô

ýýýýýýýýýýýý*URXQGýZDWHUýõSULYDWHýZHOOô

+RPHðJURZQýIRRG

ýýýýýýýýýýýýõçôýý)UXLWVñýYHJHWDEOHVñýJUDLQV

ýýýýýýýýýýýýõæôýý'DLU\ýSURGXFWV

ýýýýýýýýýýýýõåôýý(JJV

ýýýýýýýýýýýýõäôýý0HDW

/RFDOO\ðSURGXFHGýIRRGýVXSSOLHV

ýýýýýýýýýýýýõìíôýý)UXLWVñýYHJHWDEOHVñýJUDLQV

ýýýýýýýýýýýýõììôýý'DLU\ýSURGXFWV

ýýýýýýýýýýýýõìëôýý(JJV

ýýýýýýýýýýýýõìêôýý0HDW

õìéôýý/RFDOýILVKLQJ

õìèôýý/RFDOýKXQWLQJ

çïìïë 7,0(ý5(62/87,21ý2)ý(;32685(ý(9(176

7KHý75,0ï([SRýPRGXOHýLVýGHVLJQHGýWRýDOORZýWKHýXVHUýWRýVSHFLI\ýWLPHýVWHSVýUDQJLQJýIURP
KRXUVýWRý\HDUVïýý+RZHYHUñýEHFDXVHýRIýOLPLWHGýGDWDýRQýIRRGýFRQVXPSWLRQýDQGýELRWUDQVIHUýIDFWRUVñ
WKHýWLPHýUHVROXWLRQýRIýLQJHVWLRQýH[SRVXUHýHYHQWVýFDQýEHýVHWýWRýHLWKHUýGDLO\ýRUýPRQWKO\ýWLPHýVWHSVïý
7KHýWLPHýVWHSýFDQýEHýLQFUHDVHGýRUýGHFUHDVHGñýGHSHQGLQJýRQýWKHýSROOXWDQWVýEHLQJýVWXGLHGýDQGýWKH
WLPHðVFDOHýRIýWKHýKHDOWKýHIIHFWVï

çïìïê (;32685(ý0(',$ý&216,'(5('

7KHýLQJHVWLRQýH[SRVXUHýPHGLDýWKDWýDUHýLQFOXGHGýLQýWKHýFXUUHQWýFRQFHSWXDOýGHVLJQýRI
75,0ï([SRýDUH

� 6XUIDFHýZDWHUâý

� *URXQGýZDWHUâ

� 6RLOýDQGýKRXVHýGXVWâ

� +RPHðJURZQýIUXLWVñýYHJHWDEOHVñýDQGýJUDLQVâ
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� +RPHðSURGXFHGýHJJVñýGDLU\ýSURGXFWVñýPHDWýDQGýILVKâýDQG

� /RFDOO\ðSURGXFHGýIUXLWVñýYHJHWDEOHVñýJUDLQVñýGDLU\ýSURGXFWVñýPHDWñýDQGýILVKï

6XUIDFHýZDWHUýDQGýJURXQGýZDWHUýDUHýERWKýFRQVLGHUHGýWRýEHýVRXUFHVýRIýGULQNLQJýZDWHUñýEXW
GLUHFWýLQJHVWLRQýRIýVXUIDFHýZDWHUýDQGýJURXQGýZDWHUýFDQýDOVRýRFFXUýGXULQJýVZLPPLQJýDQGýRWKHU
UHFUHDWLRQDOýDFWLYLWLHVïýý,QJHVWLRQýRIýVRLOýLVýPRGHOHGýWRýRFFXUýRXWGRRUVýLQýDýUHVLGHQWLDO
HQYLURQPHQWñýZKHUHDVýLQJHVWLRQýRIýGXVWýLVýDVVXPHGýWRýRFFXUýLQGRRUVýDWýDýUHVLGHQFHýRUýLQýDýZRUN
HQYLURQPHQWïýý

)RRGýVXSSOLHVýDUHýFDWHJRUL]HGýWRýEHýKRPHðJURZQñýORFDOO\ðJURZQñýRUýVRPHýFRPELQDWLRQýRI
WKHýWZRýFDWHJRULHVïýýý75,0ï([SRýGHILQHVýKRPHðJURZQýIRRGVýDVýWKRVHýIRRGVýSURGXFHGýRQýWKHýODQG
DVVRFLDWHGýZLWKýDýKRXVHKROGýDQGñýIRUýWKHýPRVWýSDUWñýFRQVXPHGýZLWKLQýWKDWýKRXVHKROGâýZKHUHDV
ORFDOO\ðSURGXFHGýIRRGVýDUHýWKRVHýWKDWýDUHýSURGXFHGýLQýKRPHýJDUGHQVýDQGýFRPPHUFLDOýIDUPVýLQ
FRQWDFWýZLWKýDLUñýVRLOñýDQGîRUýZDWHUýWKDWýDUHýLQýWKHýVWXG\ýDUHDïýý)RUýWKHýSXUSRVHVýRIý75,0ï([SRñýLW
LVýDVVXPHGýWKDWýWKHýDWWULEXWHVýDVVRFLDWHGýZLWKýWKHýFRQVXPSWLRQýRIýORFDOO\ðJURZQýIRRGVýLVýWKHýVDPH
IRUýDOOýGLVWULFWVýZLWKLQýDýVWXG\ýDUHDýõHïJïñýXUEDQýDLUýVKHGôýDQGýWKDWýWKHýTXDQWLW\ýRIýIRRGýWKDWýLV
GHVLJQDWHGýDVýKRPHðJURZQýLVýDSSOLHGýVHSDUDWHO\ýEDVHGýRQýZKHWKHUýWKHýH[SRVXUHýGLVWULFWýLVýXUEDQñ
VXEXUEDQñýRUýUXUDOï

)RUýOLSRSKLOLFýSROOXWDQWVýõHïJïñýGLR[LQVñýIXUDQVñýSRO\FKORULQDWHGýELSKHQ\OVñýSHVWLFLGHVôýDQG
IRUýPHWDOVýõHïJïñýOHDGñýPHUFXU\ôñýH[SRVXUHVýWKURXJKýIRRGýKDYHýEHHQýGHPRQVWUDWHGýWRýEHýWKH
GRPLQDQWýFRQWULEXWRUVýWRýWRWDOýGRVHýIRUýQRQðRFFXSDWLRQDOO\ýH[SRVHGýSRSXODWLRQVýõ7UDYLVýDQG
+HVWHUýìääìôïýý+RZHYHUñýRYHUDOOýXQFHUWDLQWLHVýLQýHVWLPDWLQJýSRWHQWLDOýGRVHVýWKURXJKýIRRGýFKDLQV
DUHýPXFKýODUJHUýWKDQýXQFHUWDLQWLHVýDVVRFLDWHGýZLWKýRWKHUýH[SRVXUHýSDWKZD\Výõ-RQHVýHWýDOïýìääìñ
0F.RQHýDQGý'DQLHOVýìääìñý0F.RQHýDQGý5\DQýìäåäôï

çïìïêïì ý,QJHVWHGý:DWHU

,QJHVWHGýZDWHUýLVýGHILQHGýDVýZDWHUýWKDWýLVýõìôýFRQVXPHGýGLUHFWO\ýIURPýWKHýWDSâýõëô
FRQVXPHGýLQýIRRGýDQGýEHYHUDJHVâýDQGîRUýõêôýLQJHVWHGýGXULQJýZDWHUýUHFUHDWLRQïýý7KHýSULPDU\
VRXUFHýRIýLQJHVWHGýZDWHUýLVýWDSýZDWHUýWKDWýLVýGUDZQýIURPýJURXQGýZDWHUñýVXUIDFHýZDWHUñýRUýVRPH
FRPELQDWLRQýRIýWKHýWZRýVRXUFHVïýý:DWHUýLQJHVWHGýGXULQJýUHFUHDWLRQýFRXOGýEHýHLWKHUýVXUIDFHýZDWHU
RUýJURXQGýZDWHUïý

6XUIDFHýZDWHUýLQFOXGHVýZDWHUýREWDLQHGýIURPýHVWXDULHVñýODNHVñýULYHUVñýDQGýZHWODQGVï
7KHUHIRUHñýH[SRVXUHýWRýVXUIDFHýZDWHUýFDQýRFFXUýIURPýWKHýXVHýRIýWDSýZDWHUýDQGýIURPýUHFUHDWLRQDO
DFWLYLWLHVñýVXFKýDVýVZLPPLQJýDQGýRWKHUýZDWHUýVSRUWVïýý*URXQGýZDWHUýLVýIRXQGýLQýWKHýVDWXUDWHGý]RQH
RIýWKHýVXEVXUIDFHýHQYLURQPHQWïýý+XPDQýH[SRVXUHýWRýJURXQGýZDWHUýFDQýRFFXUýRQFHýLWýLVýZLWKGUDZQ
IRUýWDSîGULQNLQJýZDWHUâýXVHGýLQýFRRNLQJýDQGýSURFHVVLQJýIRRGVâýXVHGýIRUýLUULJDWLRQâýXVHGýDVýZDWHU
VXSSO\ýLQýUHFUHDWLRQDOýDFWLYLWLHVýõHïJïñýWRýILOOýDýVZLPPLQJýSRROôâýDQGîRUýVXSSOLHGýWRýDQLPDOV
UHDUHGîEUHGýIRUýKXPDQýFRQVXPSWLRQï
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çïìïêïë ý)RRG

&XUUHQWO\ý75,0ï([SRýLQFOXGHVýVHYHUDOýIRRGýH[SRVXUHýPHGLDñýVXFKýDVýIUXLWVñýYHJHWDEOHVñ
JUDLQVñýPLONñýGDLU\ýSURGXFWVñýHJJVñýPHDWñýDQGýILVKïýý75,0ï([SRýGLIIHUHQWLDWHVýEHWZHHQýýKRPHð
JURZQýIRRGVýDQGýORFDOO\ðSURGXFHGýIRRGVñýDQGýWKHQýIRFXVHVýRQýZKLFKýRIýWKHVHýUDZýIRRGVýDUH
SURGXFHGýDQGýFRQVXPHGýZLWKLQýWKHýVHWýRIýH[SRVXUHýGLVWULFWVýEHLQJýFRQVLGHUHGýLQýWKHýULVNýDQG
H[SRVXUHýDQDO\VLVïýý

)UXLWVýDQGýYHJHWDEOHVýDUHýIXUWKHUýGLYLGHGýLQWRýFDWHJRULHVýRIýXQSURWHFWHGýDQGýSURWHFWHG
SURGXFHïýý3URWHFWHGýSURGXFHýFURSVýKDYHýVNLQVýRUýVKHOOVýWKDWýDUHýQRWýXVXDOO\ýFRQVXPHGýõHïJïñýFLWUXV
IUXLWVñýSHDQXWVñýEHDQVôïýý8QSURWHFWHGýSURGXFHýW\SLFDOO\ýKDYHýQRýRXWHUýFRYHULQJýRUýKDYHýVNLQVýRU
VKHOOVýWKDWýDUHýFRPPRQO\ýFRQVXPHGýõHïJïñýOHDI\ýYHJHWDEOHVñýJUDSHVñýPRVWýJUDLQVôïýýý,QýDGGLWLRQñ
YHJHWDEOHVýDUHýGLVWLQJXLVKHGýEHWZHHQýWKRVHýWKDWýKDYHýHGLEOHýSDUWVýWKDWýJURZýDERYHýWKHýJURXQG
õLïHïñýDERYHðJURXQGýFURSVôýYHUVXVýWKRVHýWKDWýDUHýURRWýFURSVýõLïHïñýEHORZðJURXQGýFURSVôïýý,QýWKHýFDVH
RIýURRWýõEHORZðJURXQGôýFURSVñý(3$©Vý([SRVXUHVý)DFWRUVý+DQGERRNýõ8ï6ïý(3$ýìääæEôýGRHVýQRW
GLIIHUHQWLDWHýEHWZHHQýSURWHFWHGýRUýXQSURWHFWHGýSURGXFHïýý7DEOHýçðëýSURYLGHVýH[DPSOHVýRIýIUXLWVñ
YHJHWDEOHVñýDQGýJUDLQVýGHILQHGýE\ýWKHýDERYHýFDWHJRULHVï

7DEOHýçðë
7D[RQRP\ýRIý)RRGý7\SHVý&DWHJRUL]HGýDVý)UXLWVñý9HJHWDEOHVñýDQGý*UDLQV

7\SHýRIý&URS
3URWHFWHGî
8QSURWHFWHG

)UXLWV 9HJHWDEOHV *UDLQV

$ERYHðJURXQGýFURSV
XQSURWHFWHG JUDSHVñýEHUULHVñýDSSOHV OHWWXFHñýEURFFROL ZKHDWñýEDUHO\ýRDWV

SURWHFWHG FLWUXV EHDQVñýSHDV QRQHýFRQVLGHUHG

%HORZðJURXQGýFURSV
õURRWýFURSVô

QRQHýFRQVLGHUHG
FDUURWVñýUDGLVKHVñ
SHDQXWVñýSRWDWRHV

QRQHýFRQVLGHUHG

&RRNHGýDQGý3URFHVVHGý)RRG

([SRVXUHVýWRýSROOXWDQWVýLQýFRRNHGýDQGýSURFHVVHGýIRRGVýGHSHQGýRQýWKHýSUHSDUDWLRQ
WHFKQLTXHVýXVHGýWRýFRPELQHýDQGýFRQYHUWýUDZýIRRGVýLQWRýHGLEOHñýFRQVXPSWLRQýIRRGýSURGXFWVïý
0HDWVñýHJJVñýGDLU\ýSURGXFWVñýDQGýJUDLQVýDUHýDOPRVWýDOZD\VýSURFHVVHGýDQGýFRRNHGýSULRUýWRýKXPDQ
FRQVXPSWLRQïýý6LQFHýFRRNLQJýDQGýIRRGýSURFHVVLQJýFDQýUHVXOWýLQýWKHýWUDQVIRUPDWLRQýRIýPDQ\
SROOXWDQWVñýLQWHUPHGLDýWUDQVIHUýIDFWRUVýDUHýQHHGHGýWRýFKDUDFWHUL]HýKRZýSUHSDUDWLRQýDQGýFRRNLQJ
DOWHUýUDZýIRRGýSURGXFWVïýý+RZHYHUñýIRUýWKHýPRVWýSDUWñýVXFKýIDFWRUVýDUHýXQDYDLODEOHïýý(3$©V
([SRVXUHý)DFWRUVý+DQGERRNýõ8ï6ïý(3$ýìääæEôýFRQWDLQVýVRPHýRIýWKLVýLQIRUPDWLRQïý

8QFRRNHGý)RRG

0RVWýIUXLWVýDQGýVRPHýYHJHWDEOHVýDUHýVHUYHGýXQFRRNHGñýUHGXFLQJýWKHýQHHGýIRUýLQWHUPHGLD
WUDQVIHUýIDFWRUVýWRýGLVWLQJXLVKýGLIIHUHQFHVýEHWZHHQýDPELHQWýSROOXWDQWýFRQFHQWUDWLRQVýLQýWKH
YHJHWDWLRQýDQGýWKHýSROOXWDQWýFRQFHQWUDWLRQýDWýWKHýWLPHýRIýFRQVXPSWLRQïýý(YHQýWKRXJKýIUXLWVýDQG
YHJHWDEOHVýFDQýEHýZDVKHGýEHIRUHýWKH\ýDUHýHDWHQñýFXUUHQWýUHVHDUFKýVXJJHVWVýWKDWýIRUýILQHýSDUWLFOHV
DQGýSROOXWDQWVýGLVVROYHGýLQýWKHýOLSLGýSKDVHýRIýWKHýYHJHWDWLRQñýZDVKLQJýGRHVýOLWWOHýWRýUHGXFH
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SROOXWDQWýFRQFHQWUDWLRQýõ-RQHVýHWýDOïýìääìôýDQGýWKXVñýLWýPD\ýQRWýEHýQHFHVVDU\ýWRýLQFRUSRUDWHýD
IDFWRUýWKDWýDFFRXQWVýIRUýKRZýZDVKLQJýDOWHUVýSROOXWDQWýFRQFHQWUDWLRQVï

çïìïêïê ý6RLOýDQGý'XVW

7KUHHýVRLOýFDWHJRULHVñýFODVVLILHGýE\ýWKHýGHSWKýRIýVRLO¤VXUIDFHýVRLOñýURRWý]RQHýVRLOñýDQG
YDGRVHý]RQHýVRLO¤DUHýXVHGýWRýDVVHVVýVRLOýFRQWDPLQDWLRQýLQýWKHýRXWGRRUýHQYLURQPHQWýõVHHýWKH
75,0ï)D7(ý76'ñý9ROXPHVý,ýDQGý,,ýIRUýPRUHýLQIRUPDWLRQâý8ï6ïý(3$ýìäääDñýEôïýý%RWKýVXUIDFHýVRLO
DQGýURRWý]RQHýVRLOýDUHýFRQVLGHUHGýWRýEHýVRXUFHVýRIýSROOXWDQWýWUDQVIHUVýIURPýVRLOýWRýYHJHWDWLRQïý
6XUIDFHýVRLOýLVýDOVRýDVVXPHGýWRýEHýWKHýSULPDU\ýVRXUFHýIRUýGLUHFWýLQJHVWLRQýRIýVRLOýRXWGRRUVïý

ý,QýWKHýLQGRRUýHQYLURQPHQWñýWKHýKDQGðWRðPRXWKýDFWLYLWLHVýRIýFKLOGUHQýDQGýDGXOWVýDUH
DVVXPHGýWRýJLYHýULVHýWRýFRQWDFWýZLWKýKRXVHýGXVWýDVýRSSRVHGýWRýDFWXDOýVRLOýLQJHVWLRQïýý+RXVHýGXVW
VXVSHQGHGýLQýWKHýLQGRRUýDLUýHQYLURQPHQWýRULJLQDWHVýIURPýWKUHHýVRXUFHVãýýõìôýDLUERUQHýSDUWLFOHVýWKDW
SHQHWUDWHýIURPýRXWGRRUýDLUýWRýLQGRRUýDLUâýõëôýVXUIDFHýVRLOýDQGýGXVWýWUDFNHGýLQWRýEXLOGLQJVýRQýVKRHV
RUýFORWKHVñýE\ýSHWVñýRUýRWKHUýYHFWRUVâýDQGýõêôýDýYDULHW\ýRIýVRXUFHVýUHODWHGýWRýRFFXSDQWýDFWLYLWLHVñ
PDWHULDOýGHJUDGDWLRQñýDQGýKRXVHKROGýSURGXFWVïýý,QýWKHýFXUUHQWýYHUVLRQýRIý75,0ï([SRñýWKH
SROOXWDQWýFRQFHQWUDWLRQýLQýKRXVHýGXVWýLVýDVVXPHGýWRýEHýHTXDOýWRýWKDWýLQýVXUIDFHýVRLOï

çïìïé (;32685(ý/2&$7,216

7KHýSROOXWDQWýFRQFHQWUDWLRQVýLQýWKHýH[SRVXUHýPHGLDýRIýGULQNLQJýZDWHUñýORFDOO\ðJURZQ
IRRGVñýDQGýUHFUHDWLRQDOýIRRGýSURGXFWVýDUHýOLNHO\ýWRýEHýHLWKHUýKLJKO\ýGHSHQGHQWýRQýWKHýRULJLQDO
ORFDWLRQýRIýWKHýPHGLDýRUýDJJUHJDWHGýDPRQJýVHYHUDOýH[SRVXUHýGLVWULFWVïýý7KHýPDJQLWXGHýRI
H[SRVXUHýWRýDQýLQGLYLGXDOýRUýFRKRUWýLVýQRWýVWURQJO\ýGHSHQGHQWýRQýWKHýH[SRVXUHýGLVWULFWýLQýZKLFK
WKHýUHFHSWRUýUHVLGHVâýLQVWHDGñýWKHýPDJQLWXGHýRIýH[SRVXUHýZLOOýGHSHQGýRQýWKHýIUDFWLRQýRIýIRRGýDQG
ZDWHUýVXSSO\ýWKDWýFRPHVýIURPýORFDOýVRXUFHVýDQGýRQýWKHLUýSUR[LPLW\ýWRýVRXUFHVýRIýSROOXWLRQïýý7KH
SROOXWDQWýFRQFHQWUDWLRQVýLQýWKHVHýH[SRVXUHýPHGLDýDUHýFRQVLGHUHGýWRýEHýZHDNO\ýGHSHQGHQWýRQýWKH
UHVLGHQWýORFDWLRQýRIýWKHýUHFHSWRUýVLQFHýWKHýGULYLQJýIDFWRUýIRUýH[SRVXUHýLVýWKHýSROOXWDQW
FRQFHQWUDWLRQVýIRXQGýLQýWKHýORFDWLRQVýIURPýZKHUHýZDWHUýDQGýIRRGýDUHýREWDLQHGñýUDWKHUýWKDQýWKH
SROOXWDQWýFRQFHQWUDWLRQVýIRXQGýLQýWKHýDUHDýZKHUHýWKHýUHFHSWRUýUHVLGHVïýý,QýFDVHVýZKHUHýIRRGýDQG
ZDWHUýGLVWULEXWLRQýV\VWHPVýDUHýQRWýZHOOýFKDUDFWHUL]HGñýSROOXWDQWýFRQFHQWUDWLRQVýLQýDOOýH[SRVXUH
PHGLDýDUHýDJJUHJDWHGýDPRQJýVHYHUDOýH[SRVXUHýGLVWULFWVýõLïHïñýWKRVHýWKDWýVXSSO\ýGULQNLQJýZDWHU
DQGîRUýIRRGôýDQGýWKHQýGHOLYHUHGýWRýWKHýYDULRXVýSRSXODWLRQýFRKRUWVïýý

,QýFRQWUDVWýWRýH[SRVXUHýPHGLDýWKDWýDUHýZHDNO\ýGHSHQGHQWýRQýWKHýUHFHSWRUýORFDWLRQñ
H[SRVXUHýPHGLDýVXFKýDVýKRPHðJURZQýIRRGVñýVRLOñýDQGýKRXVHýGXVWýKDYHýSROOXWDQWýFRQFHQWUDWLRQ
OHYHOVýWKDWýGHSHQGýDOPRVWýFRPSOHWHO\ýRQýSROOXWDQWýOHYHOVýLQýWKHýDLUýDQGýVRLOýRIýWKHýH[SRVXUH
GLVWULFWýLQýZKLFKýWKHýH[SRVHGýUHFHSWRUýUHVLGHVï

çïìïéïìýý5HVLGHQWLDOý([SRVXUHý/RFDWLRQV

)RUýWKHýPRGHOLQJýSXUSRVHVýRIý75,0ï([SRñýLWýLVýDVVXPHGýWKDWýLQJHVWLRQýH[SRVXUHýHYHQWV
RFFXUýPRVWO\ýLQýWKHýUHVLGHQWLDOýPLFURHQYLURQPHQWýORFDWHGýLQýWKHýUHVLGHQWLDOýH[SRVXUHýGLVWULFWýRI
WKHýH[SRVHGýUHFHSWRUõVôïýý,QJHVWLRQýRIýKRPHðJURZQýIRRGVñýVRLOñýDQGîRUýGXVWýDUHýDVVXPHGýWRýRFFXU
H[FOXVLYHO\ýDWýWKHýSULPDU\ýUHVLGHQWLDOýORFDWLRQýRIýWKHýH[SRVHGýLQGLYLGXDOýRUýFRKRUWïýý,QJHVWLRQýRI
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ZDWHUýDQGýORFDOO\ðJURZQýIRRGVýDUHýDVVXPHGýWRýWDNHýSODFHýSULPDULO\ýLQýWKHýUHVLGHQWLDOýH[SRVXUH
GLVWULFWVïýý+RZHYHUñýLQJHVWLRQýRIýWKHýDERYHýSURGXFWVýFDQýDOVRýWDNHýSODFHýDWýZRUNýDQGîRUýDW
UHVWDXUDQWVýWKDWýDUHýQRWýQHFHVVDULO\ýLQýWKHýUHVLGHQWLDOýH[SRVXUHýGLVWULFWýRIýWKHýLQGLYLGXDOýRUýFRKRUWïý
+RZHYHUñýVLQFHýWKHVHýODWWHUýSROOXWDQWýFRQFHQWUDWLRQVýDUHýDJJUHJDWHGýDPRQJýVHYHUDOýH[SRVXUH
GLVWULFWVñýWKHýH[DFWýORFDWLRQýZKHUHýZDWHUýRUýORFDOO\ðJURZQýIRRGVýDUHýFRQVXPHGýLVýQRWýLPSRUWDQWïý
,QýVXFKýFDVHVñýWKHýLQIRUPDWLRQýWKDWýLVýQHHGHGýLVýõìôýWKHýTXDQWLW\ýRIýORFDOO\ðJURZQýIRRGVýDQG
ORFDOO\ðVXSSOLHGýZDWHUýFRQVXPHGýE\ýDQýLQGLYLGXDOýRUýFRKRUWýDQGýõëôýWKHýH[SRVXUHýGLVWULFWVýIURP
ZKLFKýWKHýIRRGýDQGýZDWHUýDUHýREWDLQHGï

çïìïéïëýý2WKHUý([SRVXUHý/RFDWLRQV

$VýQRWHGýDERYHñýWKHýH[SRVXUHýORFDWLRQýIRUýSROOXWDQWVýIRXQGýLQýZDWHUýDQGýORFDOO\ðJURZQ
IRRGVýLVýSULPDULO\ýUHVLGHQWLDOñýEXWýWKHýHVWLPDWLRQýRIýWKHýSROOXWDQWýOHYHOVýLQýIRRGýDQGýZDWHUýDUH
EDVHGýRQýDýFRPELQDWLRQýRIýVHYHUDOýH[SRVXUHýGLVWULFWVýLQýZKLFKýWKHVHýSROOXWDQWVýDUHýIRXQGïýý$
VLPLODUýDSSURDFKýLVýXVHGýIRUýH[SRVXUHýWRýSROOXWDQWVýIRXQGýLQýPHDWýDQGýILVKýGHULYHGýIURPýORFDO
KXQWLQJýDQGýILVKLQJïýý7KHýH[SRVXUHýORFDWLRQýLVýDVVXPHGýWRýEHýWKHýUHVLGHQFHýRIýWKHýFRKRUWñýEXWýWKH
SROOXWDQWýFRQFHQWUDWLRQVýLQýWKHýZDWHUVKHGýRUýKDELWDWýLQýZKLFKýKXQWLQJýDQGýILVKLQJýWDNHýSODFHïýý

çïë 35(6(17$7,21ý2)ý7+(ý02'(/ý$/*25,7+06ý%<ý(;32685(
0(',$

7KLVýVHFWLRQýSUHVHQWVýWKHýLQJHVWLRQýH[SRVXUHýDOJRULWKPVñýRUJDQL]HGýE\ýH[SRVXUHýPHGLD
õLïHïñýZDWHUñýVRLOñýIRRGôýWKDWýDUHýFXUUHQWO\ýXVHGýLQý75,0ï([SRýWRýH[SUHVVýWKHýLQWDNHýRIýSROOXWDQW
FRQFHQWUDWLRQVýIRXQGýLQýWKHýHQYLURQPHQWDOýPHGLDï

çïëïì ,1*(67('ý:$7(5

)LJXUHýçðëýLOOXVWUDWHVýWKHýLQJHVWLRQýSDWKZD\VýRIýVXUIDFHýZDWHUýDQGýJURXQGýZDWHUýIRU
KXPDQVïýý75,0ï([SRýFXUUHQWO\ýLQFRUSRUDWHVýRQO\ýWKHýGLUHFWýLQJHVWLRQýRIýWDSýZDWHUýWKDWýLVýGHULYHG
IURPýVXUIDFHýZDWHUýRUýJURXQGýZDWHUï
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)LJXUHýçðë
([SRVXUHý3DWKZD\Vý&RQVLGHUHGýIRUý6XUIDFHýDQGý*URXQGý:DWHU

7DSýZDWHUýLQWDNHýLQFOXGHVýKRXVHKROGýGULQNLQJýZDWHUýWKDWýLVýFRQVXPHGýGLUHFWO\ýRU
FRQVXPHGýLQGLUHFWO\ýLQýDýEHYHUDJHýõHïJïñýRUDQJHýMXLFHñýVRIWýGULQNVñýFRIIHHñýWHDôýRUýLQýDGGLQJ
LQWULQVLFýZDWHUýWRýIRRGïýý)RUýWKHýGLUHFWýLQJHVWLRQýRIýWDSýZDWHUñýWKHýDSSOLFDEOHýH[SRVXUHýDOJRULWKP
LVã
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&WZõLñNñOñWôý  ý SROOXWDQWýFRQFHQWUDWLRQýLQýWDSýZDWHUñýPJî/ï

>,]ñWZõNñOô%:]@  WKHýUDWHýRIýLQWDNHýRIýWDSýZDWHUýõWZôñý/îNJîGñýE\ýLQGLYLGXDOýRUýFRKRUW
]ýGLYLGHGýE\ýWKDWýLQGLYLGXDO©VýERG\ýZHLJKWýõ%:ôïýý7KH
PLFURHQYLURQPHQWýDQGýDFWLYLW\ýFRGHVýNýDQGýOýDUHýQRWýXVHGýLQýWKLV
FDOFXODWLRQï

()]ñWZõLñWô  WKHýH[SRVXUHýIUHTXHQF\ñýQXPEHUýRIýGD\VýSHUýPRQWKýHTXLYDOHQWñýWKDW
LQGLYLGXDOýRUýFRKRUWý]ýREWDLQVýWDSýZDWHUýIURPýH[SRVXUHýGLVWULFWýL
õWKLVýLVýOLNHO\ýWRýEHýORFDWLRQýLQGHSHQGHQWôï
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3ROOXWDQWýFRQFHQWUDWLRQýLQýWDSýZDWHUýPD\ýQRWýEHýGLUHFWO\ýPHDVXUDEOHýRUýGHULYDEOHýIURPýWKH
RXWSXWýRIýPRGHOVñýVXFKýDVý75,0ï)D7(ïýý,QýVXFKýFDVHVñýLQWHUPHGLDýWUDQVIHUýIDFWRUVýFDQýEHýXVHGýWR
FDOFXODWHýWKHýSROOXWDQWýFRQFHQWUDWLRQVýLQýWDSýZDWHUýEDVHGýRQýSROOXWDQWýFRQFHQWUDWLRQVýIRXQGýLQ
VXUIDFHýZDWHUýDQGýJURXQGýZDWHUã

&WZõLñNñOñWôý  ý3)õZôý&VZõLñNñOñWô õçðêô

 ý 3)õZôý&JZõLñNñOñWô õçðéô

3)õZôý  WKHýLQWHUPHGLDýWUDQVIHUýWKDWýH[SUHVVHVýWKHýFRQFHQWUDWLRQýLQýWDSýZDWHU
UHODWLYHýWRýJURXQGýRUýVXUIDFHýZDWHUýXVHGýLQýH[SRVXUHýGLVWULFWýLï
3)õZôýLVýWKHýSURFHVVLQJýGLOXWLRQýIDFWRUýWKDWýDFFRXQWVýIRUýWKH
UHPRYDOýRIýSROOXWDQWVýE\ýSURFHVVLQJïýý,QýWKHýFXUUHQWýYHUVLRQýRI
75,0ï([SRñý3)õZôýLVýVHWýWRýìýEXWýFDQýEHýVHWýWRýDýYDOXHýVSHFLILFýWR
HDFKýH[SRVXUHýGLVWULFWï

7KHý(QYLURQPHQWDOý)DWHýDQGý(IIHFWVý'LYLVLRQýRIý(3$©Vý2IILFHýRIý3HVWLFLGHý3URJUDPVýõ233ôýLVýLQ
WKHýSURFHVVýRIýSURGXFLQJýDýGRFXPHQWýWKDWýGLVFXVVHVýWKHýFRQFHSWýRIýWKHýLQWHUPHGLDýWUDQVIHU
õ3)õZôôýWKDWýUHODWHVýWKHýSROOXWDQWýFRQFHQWUDWLRQýLQýWDSýZDWHUýWRýWKDWýIRXQGýLQýJURXQGýZDWHUýRU
VXUIDFHýZDWHUï

çïëïë ,1*(67,21ý2)ý62,/ý$1'ý+286(ý'867

%RWKýDGXOWVýDQGýFKLOGUHQýLQDGYHUWHQWO\ýLQJHVWýVPDOOýDPRXQWVýRIýVRLOýWKURXJK
KDQGðWRðPRXWKýDFWLYLWLHVïýý&KLOGUHQýZKRýVSHQGýDýJUHDWýGHDOýRIýWLPHýRXWGRRUVýFRQWDFWýDQGýLQJHVW
VRLOñýDQGýDGXOWVýLQJHVWýVRLOýWKURXJKýDFWLYLWLHVýVXFKýDVýJDUGHQLQJñýRXWGRRUýODERUñýDQGýFOHDQLQJïýý,Q
VRPHýFDVHVñýLQGLYLGXDOVýVXIIHUýIURPýDýFRQGLWLRQýFDOOHGýSLFDýEHKDYLRUñýDQGýDUHýNQRZQýWR
LQWHQWLRQDOO\ýFRQVXPHýODUJHýTXDQWLWLHVýRIýVRLOïý

6HYHUDOýVWXGLHVýKDYHýEHHQýFRQGXFWHGýWRýFKDUDFWHUL]HýVRLOýLQJHVWLRQýE\ýFKLOGUHQýõHïJïñýVHH
8ï6ïý(3$ýìääæEñý6WDQHNýHWýDOïýìääåñý&DODEUHVHýDQGý6WDQHNýìääèñý6HGPDQýDQGý0DKPRRGýìääéñý
7KRPSVRQýDQGý%XUPDVWHUýìääìñý'DYLVýHWýDOïýìääíôïýý6RPHýRIýWKHVHýVWXGLHVýPDNHýXVHýRIýVRLO
ORDGLQJýRQýFKLOGUHQ©VýKDQGVýLQýFRPELQDWLRQýZLWKýREVHUYDWLRQVýRIýKDQGðWRðPRXWKýDFWLYLW\ýWR
HVWLPDWHýVRLOýXSWDNHïýý$QRWKHUýDSSURDFKýWRýHVWLPDWLQJýVRLOýLQJHVWLRQýXVHVýWUDFHUýHOHPHQWVýLQýIHFHVïý
7KHýSURFHVVýLQYROYHVýDQDO\]LQJýERWKýWKHýIHFHVýRIýFKLOGUHQýDQGýWKHýVRLOýLQýWKHLUýSOD\JURXQGVýIRU
HOHPHQWVýWKDWýDUHýWKRXJKWýWRýEHýSRRUO\ýDEVRUEHGýLQýWKHýJXWñýVXFKýDVýDOXPLQXPñýVLOLFRQñýDQG
WLWDQLXPïýý7KHQñýDVVXPLQJýWKDWýWKHUHýDUHýQRýQRQðVRLOýVRXUFHVýRIýWKHVHýHOHPHQWVýDQGýXVLQJýDýIHFDO
H[FUHWLRQýUDWHñýWKHýVRLOýLQJHVWLRQýIRUýHDFKýFKLOGýLVýHVWLPDWHGýEDVHGýRQýWKHýPDVVýRIýHDFKýWUDFHU
HOHPHQWýGHWHFWHGýLQýWKHýIHFHVýUHODWLYHýWRýWKDWýIRXQGýLQýVRLOïýý,QýVXFKýVWXGLHVñýKRVSLWDOL]HGýFKLOGUHQ
ZKRýKDYHýOLWWOHýFRQWDFWýZLWKýVRLOýDUHýRIWHQýXVHGýDVýFRQWUROýJURXSVïýý

+DQGðWRðPRXWKýDFWLYLWLHVýOHDGýWRýWKHýLQJHVWLRQýRIýSROOXWDQWVýLQýVRLOýõRXWGRRUVôýDQGýLQ
KRXVHýGXVWýõLQGRRUVôïýý3ROOXWDQWVýLQýKRXVHýGXVWýDUHýDWWULEXWDEOHýLQýSDUWýWRýSROOXWDQWVýIRXQGýLQýWKH
VXUIDFHýVRLOýVXUURXQGLQJýWKHýUHVLGHQFHýEHFDXVHýRIýWKHýUHVXVSHQVLRQýRIýRXWGRRUýVXUIDFHýVRLOñýDQGýLWV
LQILOWUDWLRQýWKURXJKýZLQGRZVýDQGýRSHQLQJVñýDQGýLWVýVXEVHTXHQWýGHSRVLWLRQýRQWRýLQGRRUýVXUIDFHVïý
7KHýSROOXWDQWVýFDQýDOVRýEHýEURXJKWýLQGRRUVýIURPýWKHýRXWGRRUýVRLOýE\ýVRLOýWUDFNLQJýõLïHïñýVRLOýFDUULHG
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7UDFNLQJý÷ý
'LOXWLRQý

,QJHVWLRQ

2XWGRRUý
HQYLURQPHQW

,QGRRUýý
HQYLURQPHQW

6RLO 'XVW

,QJHVWLRQýRIý
GXVWýGXULQJý
LQGRRUý
DFWLYLWLHV

,QJHVWLRQýRIý
VRLOýGXULQJý
RXWGRRUý
DFWLYLWLHV

3DUWLFOHý
LQILOWUDWLRQ

LQWRýWKHýKRXVHýE\ýVKRHVñýFORWKLQJñýDQGýSHWVôïýý)LJXUHýçðêýLOOXVWUDWHVýVRLOýLQJHVWLRQýSDWKZD\VýWKDW
DUHýFRQVLGHUHGýLQý75,0ï([SRï

)LJXUHýçðêý
([SRVXUHý3DWKZD\Vý&RQVLGHUHGýIRUý&RQWDFWýZLWKý6RLOýDQGý+RXVHý'XVW

çïëïëïìýý6RLOý,QJHVWLRQýõ2XWGRRUVô

)RUýGLUHFWýLQJHVWLRQýRIýVXUIDFHýVRLOýLQýWKHýUHVLGHQWLDOýRXWGRRUýHQYLURQPHQWñýWKHýDSSOLFDEOH
H[SRVXUHýDOJRULWKPýLVã
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>,]ñVVõNñOôî%:@  WKHýDQQXDOO\ýDYHUDJHGýGDLO\ýUDWHýRIýLQWDNHýRIýVXUIDFHýVRLOýõVVôñ
NJîNJîGñýE\ýLQGLYLGXDOýRUýFRKRUWý]ýGLYLGHGýE\ýDýUHSUHVHQWDWLYH
LQGLYLGXDO©VýERG\ýZHLJKWýõ%:ôïýý7KHýPLFURHQYLURQPHQWýDQG
DFWLYLW\ýFRGHVýNýDQGýOýDUHýQRWýXVHGýLQýWKLVýFDOFXODWLRQï

()]ñVVõLñWô  WKHýH[SRVXUHýIUHTXHQF\ñýZKLFKýLVýWKHýIUDFWLRQýRIýGD\VýLQýDýPRQWK
WKDWýLQGLYLGXDOýRUýFRKRUWý]ýKDVýFRQWDFWýZLWKýRXWGRRUýVRLOýLQ
H[SRVXUHýGLVWULFWýLïýý7KLVýIDFWRUýLVýXVHGýWRýPDNHýDGMXVWPHQWVýIRU
WLPHýZLWKLQýRUýRXWVLGHýRIýWKHýH[SRVXUHýGLVWULFWýðýWKHýQXPEHUýRIýGD\V
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SHUýPRQWKýRXWVLGHýZLWKýVRLOýFRQWDFWýLVýDOUHDG\ýDFFRXQWHGýIRUýLQýWKH
SDUDPHWHUýDERYHï

&VVõLñNñOñWô  WKHýSROOXWDQWýFRQFHQWUDWLRQñýPJîNJñýLQýWKHýVXUIDFHýVRLOýRUýRXWVLGH
VXUIDFHýGXVWýõRIýXUEDQýDUHDVôýIRUýH[SRVXUHýGLVWULFWýLýGXULQJýWKHýWLPH
VWHSýWï

çïëïëïëýý'XVWý,QJHVWLRQýõ,QGRRUVô

)RUýWKHýGLUHFWýLQJHVWLRQýRIýSROOXWDQWVýIURPýKRXVHýGXVWýLQýWKHýLQGRRUýHQYLURQPHQWñýLWýLV
DVVXPHGýWKDWýUHVLGHQWLDOýVXUIDFHýVRLOýLVýWKHýVRXUFHýRIýWKHýGXVWýSROOXWDQWVïýý7KHýDSSOLFDEOHýH[SRVXUH
DOJRULWKPýLVã
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ZKHUHã

&KGõLñWô  WKHýSROOXWDQWýFRQFHQWUDWLRQñýPJîNJñýLQýWKHýKRXVHýGXVWýõKGôýRI
H[SRVXUHýGLVWULFWýLýGXULQJýWKHýWLPHðVWHSýWï

>,]ñKGõNñOôî%:@  WKHýDQQXDOO\ýDYHUDJHGýGDLO\ýUDWHýRIýLQWDNHýRIýVRLOñýNJîNJîGñýE\
LQGLYLGXDOýRUýFRKRUWý]ýGLYLGHGýE\ýDýUHSUHVHQWDWLYHýLQGLYLGXDO©VýERG\
ZHLJKWýõ%:ôïýý7KHýPLFURHQYLURQPHQWýDQGýDFWLYLW\ýFRGHVýNýDQGýOýDUH
QRWýXVHGýLQýWKLVýFDOFXODWLRQñ

()]ñKGõLñWô  WKHýH[SRVXUHýIUHTXHQF\ñýIUDFWLRQýRIýGD\VýSHUýPRQWKýHTXLYDOHQWñýWKDW
LQGLYLGXDOýRUýFRKRUWý]ýKDVýFRQWDFWýZLWKýKRXVHýGXVWýLQýH[SRVXUH
GLVWULFWýLïý

7KHýFRQFHQWUDWLRQýRIýDýSROOXWDQWýLQýKRXVHýGXVWýLVýFDOFXODWHGýIURPýWZRýLQWHUPHGLDýWUDQVIHU
IDFWRUVã

õçðæô& L N O W I ,1 L W & L W I
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&VVõLñWô  WKHýSROOXWDQWýFRQFHQWUDWLRQýLQýVRLOýRIýH[SRVXUHýGLVWULFWýLýGXULQJýWLPH
VWHSýWñýPJðNJïý

&DSõLñWô  WKHýSROOXWDQWýFRQFHQWUDWLRQýLQýWKHýSDUWLFXODWHýSKDVHýRIýH[SRVXUH
GLVWULFWýLýGXULQJýWLPHýVWHSýWñýPJðPêï
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IKGV  WKHýIUDFWLRQýRIýLQGRRUýGXVWýWKDWýRULJLQDWHVýIURPýRXWGRRUýVRLOïýý7KH
UHPDLQLQJýIUDFWLRQýLVýDVVXPHGýWRýRULJLQDWHýIURPýSDUWLFXODWHýPDWWHU
LQýDLUïýý&XUUHQWO\ñýWKLVýIUDFWLRQýLVýVHWýWRýíïèï

,1VVõLñWô  ýWKHýFRPELQHGýVRLOýLQILOWUDWLRQýDQGýVRLOýWUDFNLQJýIDFWRUýWKDW
H[SUHVVHVýWKHýOLNHO\ýLQFUHDVHýRUýGHFUHDVHýRIýSROOXWDQWýFRQFHQWUDWLRQ
LQýLQGRRUýVRLOýUHODWLYHýWRýRXWGRRUýVXUIDFHýVRLOýLQýH[SRVXUHýGLVWULFWýLïý
75,0ï([SRýFXUUHQWO\ýVHWVý,1VVõLñWôýWRýìýEXWýLWýFDQýEHýVHWýWRýDýYDOXH
VSHFLILFýWRýHDFKýH[SRVXUHýGLVWULFWýDQGýHDFKýWLPHýVWHSï

>,1DSõLñWôî'DS@  WKHýSDUWLFOHýLQILOWUDWLRQýIDFWRUýWKDWýH[SUHVVHVýWKHýOLNHO\ýLQFUHDVHýRU
GHFUHDVHýRIýSROOXWDQWýFRQFHQWUDWLRQýLQýLQGRRUýGXVWýUHODWLYHýWR
SROOXWDQWýFRQFHQWUDWLRQýLQýRXWGRRUýSDUWLFXODWHýPDWWHUýLQýH[SRVXUH
GLVWULFWýLïýý'DSýLVýWKHýGHQVLW\ýRIýDLUERUQHýSDUWLFOHVýRIýaëñéííýNJðP

êïý
,QýWKHýFXUUHQWýYHUVLRQýRIý75,0ï([SRñý,1DSõLñWôýLVýVHWýWRýìýEXWýFDQýEH
VHWýWRýDýYDOXHýVSHFLILFýWRýHDFKýH[SRVXUHýGLVWULFWýDQGýHDFKýWLPHýVWHSï

çïëïê ,1*(67,21ý2)ý32//87$176ý,1ý+20(ð*52:1ý352'8&(ý25
+20(ð%5('ý$1,0$/6

6RLOýSROOXWDQWVýFDQýEHýWUDQVIHUUHGýWRýWKHýHGLEOHýSDUWVýRIýYHJHWDWLRQýIURPýVXUIDFHýVRLOýE\
UHVXVSHQVLRQýDQGýGHSRVLWLRQñýUDLQýVSODVKñýYRODWLOL]DWLRQýIROORZHGýE\ýSDUWLWLRQLQJñýDQGýE\ýURRW
XSWDNHýIRUýEHORZðJURXQGýYHJHWDWLRQýõ-RQHVýHWýDOïýìääìôïýý7KHýOHYHOýRIýH[SRVXUHýWRýWKHýVRLO
SROOXWDQWVýIRXQGýLQýYHJHWDWLRQýIRRGýSURGXFWVýRIWHQýGHSHQGVýRQýWUDQVORFDWLRQýõLïHïñýWKHýSURFHVVýE\
ZKLFKýDýSROOXWDQWýLVýWUDQVIHUUHGýIURPýRQHýSDUWýRIýDýSODQWýWRýDQRWKHUôïýý7UDQVORFDWLRQýFDQýFDXVH
VLJQLILFDQWýGLIIHUHQFHVýLQýSROOXWDQWýFRQFHQWUDWLRQVýLQýWKHýWRWDOýSODQWýDQGýWKHýHGLEOHýSRUWLRQýRIýWKH
SODQWýõLïHïñýIUXLWñýVHHGVôïýý,QýDGGLWLRQñýLQJHVWLRQýRIýFRQWDPLQDWHGýVRLOýRUýJUDLQVýE\ýDQLPDOV
UHDUHGîEUHGýIRUýKXPDQýFRQVXPSWLRQýFDQýOHDGýWRýFRQWDPLQDWHGñýDQLPDOðEDVHGýIRRGýSURGXFWVñýVXFK
DVýPHDWñýPLONñýGDLU\ýSURGXFWVñýDQGýHJJVïý

)RUýWKHýSXUSRVHVýRIý75,0ï([SRñýKRPHðJURZQýIRRGVýDUHýGHILQHGýDVýIRRGVýJURZQýRQýWKH
ODQGýDVVRFLDWHGýZLWKýDýKRXVHKROGýDQGñýIRUýWKHýPRVWýSDUWñýFRQVXPHGýZLWKLQýWKDWýKRXVHKROGïýý)LJXUH
çðéýLOOXVWUDWHVýWKHýH[SRVXUHýSDWKZD\VýFRQVLGHUHGýLQýFRQVWUXFWLQJýIRRGðEDVHGýH[SRVXUHVýIURP
KRPHðJURZQýIRRGVýDQGýWKHýDOJRULWKPVýXVHGýIRUýPRGHOLQJýSROOXWDQWýH[SRVXUHVýIURPýKRPHðJURZQ
IRRGýSURGXFWVýDUHýGLVFXVVHGýLQýWKHýVHFWLRQVýEHORZïýý,QýWKHý75,0ï([SRýIUDPHZRUNñýKRPHðJURZQ
IRRGVýDUHýVWXGLHGýLQýDýVLQJOHýH[SRVXUHýGLVWULFWïýý7RýFDOFXODWHýLQGLYLGXDOýRUýFRKRUWýFRQVXPSWLRQýRI
KRPHðJURZQýIRRGýSURGXFWVñýWKHýDQQXDOýDYHUDJHýFRQVXPSWLRQýRIýWKHýIRRGýSURGXFWýIRUýLQGLYLGXDOýRU
FRKRUWý]ýLVýGHULYHGýIURPýWKHýQDWLRQDOýIRRGýFRQVXPSWLRQýVXUYH\ýGDWDýõ&6),,ýìääçôýDQGýWKHQýXVHG
WRýFDOFXODWHýWKHýIUDFWLRQýWKDWýFDQýEHýDOORFDWHGýWRýKRPHðJURZQýIRRGVïýý
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)LJXUHýçðéý
([SRVXUHý3DWKZD\Vý&RQVLGHUHGýIRUý&RQWDFWýZLWKý)RRGý3URGXFWV

çïëïêïìýý9HJHWDEOHVñý)UXLWVñýDQGý*UDLQV

9HJHWDEOHVñýIUXLWVñýDQGýJUDLQVýLQFOXGHýOHDI\ýYHJHWDEOHVýõHïJïñýFDEEDJHñýFDXOLIORZHUñ
EURFFROLñýFHOHU\ñýOHWWXFHñýVSLQDFKôñýH[SRVHGýSURGXFHýõHïJïñýDSSOHVñýSHDUVñýEHUULHVñýFXFXPEHUñ
VTXDVKñýJUDSHVñýSHDFKHVñýWRPDWRHVñýVWULQJýEHDQVôñýSURWHFWHGýSURGXFHýRUýURRWýFURSVýõHïJïñýFDUURWVñ
EHHWVñýWXUQLSVñýSRWDWRHVñýOHJXPHVñýPHORQVñýFLWUXVýIUXLWVôýDQGýJUDLQVýõHïJïñýZKHDWñýFRUQñýULFHñýEDUOH\ñ
PLOOHWôïýý

3ROOXWDQWVýLQýWKHýURRWý]RQHýVRLOýJDVýDQGýOLTXLGýFDQýEHýWDNHQýXSýE\ýSODQWýURRWVýDQG
SRWHQWLDOO\ýWUDQVIHUUHGýWRýDERYHðJURXQGýSODQWýSDUWVýLQýWKHýWUDQVSLUDWLRQýVWUHDPïýý7KHýHDVHýZLWK
ZKLFKýQRQðLRQL]HGýSROOXWDQWVýDUHýWDNHQýXSýIURPýWKHýVRLOýLQWRýURRWýPDWHULDOýLVýLQIOXHQFHGýE\ýWKH
SROOXWDQW©VýRFWDQROîZDWHUýSDUWLWLRQýFRHIILFLHQWñý.RZñýZKLFKýLVýFRPPRQO\ýXVHGýDVýDýPHDVXUHýRI
OLSRSKLOLFLW\ýDQGýZDWHUýVROXELOLW\ïýý3ROOXWDQWVýZLWKýKLJKý.RZýYDOXHVýWHQGýWRýHLWKHUýEHýVWURQJO\
VRUEHGýRQWRýRUJDQLFýPDWHULDOýLQýWKHýURRWñýPDNLQJýWKHPýOHVVýDYDLODEOHýIRUýPRYHPHQWýLQýWKH
WUDQVSLUDWLRQýVWUHDPñýRUýVRUEHGýRQWRýRUJDQLFýPDWHULDOýLQýWKHýVRLOñýUHGXFLQJýWKHLUýDYDLODELOLW\ýWRýURRW
XSWDNHïýý,QFUHDVHVýLQýWKHýZDWHUýVROXELOLW\ýRIýDýSROOXWDQWýWHQGýWRýLQFUHDVHýWKHýDPRXQWýRIýSROOXWDQW
DYDLODEOHýIRUýXSWDNHýIURPýWKHýVRLOýZDWHUýDQGýLQFUHDVHýWKHýOLNHOLKRRGýRIýPRYHPHQWýZLWKýWKH
WUDQVSLUDWLRQýVWUHDPâýKRZHYHUñýWKHýURRWýPHPEUDQHýRIýPRVWýSODQWVýUHVWULFWVýXSWDNHýRIýKLJKO\
VROXEOHýRUýLRQL]HGýVSHFLHVïý
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7KHýDOJRULWKPýIRUýLQJHVWLRQýRIýSROOXWDQWVýLQýDERYHðJURXQGýIUXLWVñýYHJHWDEOHVñýDQGýJUDLQV
KDVýWKHýJHQHUDOýIRUPã
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ZKHUHã

&JõLñWô  WKHýSROOXWDQWýFRQFHQWUDWLRQñýPJîNJñýLQýWKHýJUDLQVýõJôýRIýH[SRVXUH
GLVWULFWýLýGXULQJýWKHýWLPHýVWHSýWï

&HIYõLñWô  WKHýSROOXWDQWýFRQFHQWUDWLRQñýPJîNJýLQýWKHýH[SRVHGýIUXLWVýDQG
YHJHWDEOHVýõHIYôýRIýH[SRVXUHýGLVWULFWýLýGXULQJýWKHýWLPHýVWHSýWï

&SIYõLñWô  WKHýSROOXWDQWýFRQFHQWUDWLRQñýPJîNJýLQýWKHýSURWHFWHGýIUXLWVýDQG
YHJHWDEOHVýõSIYôýRIýH[SRVXUHýGLVWULFWýLýGXULQJýWKHýWLPHýVWHSýWï

>1RWHýWKDWýWKHVHýWKUHHýFRQFHQWUDWLRQVýPXVWýEHýREWDLQHGýIURPýPHDVXUHPHQWVýRUýIURPýDýPRGHO
VXFKýDVý75,0ï)D7(@ï

>,]ñJõNñOôî%:]@  WKHýPRQWKO\ýRUýVHDVRQDOO\ýDYHUDJHGýGDLO\ýUDWHýRIýLQWDNHýRI
JUDLQVñýNJîNJîGñýE\ýLQGLYLGXDOýRUýFRKRUWý]ýGLYLGHGýE\ýD
UHSUHVHQWDWLYHýLQGLYLGXDO©VýERG\ýZHLJKWýõ%:ôïýý7KH
PLFURHQYLURQPHQWýDQGýDFWLYLW\ýFRGHVýNýDQGýOýDUHýQRWýXVHGýLQ
WKLVýFDOFXODWLRQï

>,]ñHIYõNñOôî%:]@  WKHýPRQWKO\ýRUýVHDVRQDOO\ýDYHUDJHGýGDLO\ýUDWHýRIýLQWDNHýRI
H[SRVHGýIUXLWVýDQGýYHJHWDEOHVñýNJîNJîGñýE\ýLQGLYLGXDOýRU
FRKRUWý]ýGLYLGHGýE\ýDýUHSUHVHQWDWLYHýLQGLYLGXDO©VýERG\
ZHLJKWýõ%:ôïýý7KHýPLFURHQYLURQPHQWýDQGýDFWLYLW\ýFRGHVýN
DQGýOýDUHýQRWýXVHGýLQýWKLVýFDOFXODWLRQñ

>,]ñSIYõNñOôî%:]@  WKHýPRQWKO\ýRUýVHDVRQDOO\ýDYHUDJHGýGDLO\ýUDWHýRIýLQWDNHýRI
SURWHFWHGýIUXLWVýDQGýYHJHWDEOHVñýNJîNJîGñýE\ýLQGLYLGXDOýRU
FRKRUWý]ýGLYLGHGýE\ýDýUHSUHVHQWDWLYHýLQGLYLGXDOöVýERG\
ZHLJKWýõ%:ôïýý7KHýPLFURHQYLURQPHQWýDQGýDFWLYLW\ýFRGHVýN
DQGýOýDUHýQRWýXVHGýLQýWKLVýFDOFXODWLRQñ
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()]ñJõLñWô  WKHýH[SRVXUHýIUHTXHQF\ñýIUDFWLRQýRIýGD\VýSHUýPRQWK
HTXLYDOHQWñýWKDWýLQGLYLGXDOýRUýFRKRUWý]ýFRQVXPHVýKRPHð
JURZQýJUDLQVýLQýH[SRVXUHýGLVWULFWýLïýý,IýWKHýGDLO\ýLQWDNHýUDWH
LPSOLFLWO\ýLQFOXGHVýWKHýH[SRVXUHýIUHTXHQF\ñýWKHQýWKLVýWHUPýLV
VHWýHTXDOýWRýìï

()]ñHIYõLñWô  WKHýH[SRVXUHýIUHTXHQF\ñýIUDFWLRQýRIýGD\VýSHUýPRQWK
HTXLYDOHQWñýWKDWýLQGLYLGXDOýRUýFRKRUWý]ýFRQVXPHVýKRPHð
JURZQýH[SRVHGýIUXLWVýDQGýYHJHWDEOHVýLQýH[SRVXUHýGLVWULFWýLïý
,IýWKHýGDLO\ýLQWDNHýUDWHýLPSOLFLWO\ýLQFOXGHVýWKHýH[SRVXUH
IUHTXHQF\ñýWKHQýWKLVýWHUPýLVýVHWýHTXDOýWRýìï

()]ñSIYõLñWô  WKHýH[SRVXUHýIUHTXHQF\ñýIUDFWLRQýRIýGD\VýSHUýPRQWK
HTXLYDOHQWñýWKDWýLQGLYLGXDOýRUýFRKRUWý]ýFRQVXPHVýKRPHð
JURZQýSURWHFWHGýIUXLWVýDQGýYHJHWDEOHVýLQýH[SRVXUHýGLVWULFWýLïý
,IýWKHýGDLO\ýLQWDNHýUDWHýLPSOLFLWO\ýLQFOXGHVýWKHýH[SRVXUH
IUHTXHQF\ñýWKHQýWKLVýWHUPýLVýVHWýHTXDOýWRýìï

$FFRUGLQJýWRý<DQJýDQGý1HOVRQýõìäåçôñýDERXWýKDOIýRIýDOOýSURGXFHýõLïHïñýIUXLWVñýYHJHWDEOHVô
FRQVXPHGýE\ýKXPDQVýFRQVLVWVýRIýOHDI\ýYHJHWDEOHVýDQGýH[SRVHGýSURGXFHýWKDWýLQWHUFHSWýSROOXWDQWV
IURPýWKHýDWPRVSKHUHïýý7KHýUHPDLQLQJýKDOIýFRQVLVWVýRIýSURWHFWHGýSURGXFHýRUýURRWýFURSVñýZKHUH
SROOXWDQWýWUDQVIHUýWRýWKHýHGLEOHýSRUWLRQýLVýSULPDULO\ýE\ýURRWýXSWDNHïýý$OOýJUDLQýFURSVýDUHýDVVXPHGýWR
EHýH[SRVHGýSULPDULO\ýWRýDLUýSROOXWDQWVï

çïëïêïëýý'DLU\ý3URGXFWV

7RýFDOFXODWHýKXPDQýH[SRVXUHVýWRýSROOXWDQWVýIRXQGýLQýGDLU\ýSURGXFWVñýWKHýELRWUDQVIHU
IDFWRUVýIRUýPLONýYHUVXVýWKHýSROOXWDQWýLQWDNHýE\ýGDLU\ýFDWWOHýPXVWýEHýGHWHUPLQHGñýDORQJýZLWKýWKH
SDUDPHWHUVýWKDWýGHVFULEHýWKHýSDVWXUHñýZDWHUñýDQGýVRLOýLQWDNHýUDWHVýRIýGDLU\ýFDWWOHïýý)RUýWKHýSXUSRVHV
RIý75,0ï([SRñýSDVWXUHýLVýGHILQHGýWRýEHýDOOýIRRGVWXIIVýWKDWýDUHýJURZQýRQýWKHýIDUPýWRýIHHGýWKH
DQLPDOVýõHïJïñýRSHQýSDVWXUHýJUDVVñýJUDLQVñýFRUQôïýý

7KHýDOJRULWKPýIRUýLQJHVWLRQýRIýSROOXWDQWVýLQýGDLU\ýSURGXFWVýKDVýWKHýIRUPã
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ZKHUHã

&GSõLñWô  WKHýSROOXWDQWýFRQFHQWUDWLRQñýPJîNJñýLQýWKHýGDLU\ýSURGXFWVýõGSôýRI
H[SRVXUHýGLVWULFWýLýGXULQJýWKHýWLPHýVWHSýWýREWDLQHGýIURP
PHDVXUHPHQWVýRUýIURPýDýPRGHOýVXFKýDVý75,0ï)D7(ï
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>,]ñGSõNñOôî%:]@  WKHýPRQWKO\ýRUýVHDVRQDOO\ýDYHUDJHGýGDLO\ýUDWHýRIýLQWDNHýRIýGDLU\
SURGXFWVñýNJîNJîGñýE\ýLQGLYLGXDOýRUýFRKRUWý]ýGLYLGHGýE\ýD
UHSUHVHQWDWLYHýLQGLYLGXDO©VýERG\ýZHLJKWýõ%:ôïýý7KH
PLFURHQYLURQPHQWýDQGýDFWLYLW\ýFRGHVýNýDQGýOýDUHýQRWýXVHGýLQýWKLV
FDOFXODWLRQï

()]ñGSõLñWô  WKHýH[SRVXUHýIUHTXHQF\ñýH[SUHVVHGýDVýWKHýIUDFWLRQýRIýGD\VýSHU
PRQWKýHTXLYDOHQWñýWKDWýLQGLYLGXDOýRUýFRKRUWý]ýFRQVXPHVýKRPHð
JURZQýGDLU\ýSURGXFWVýLQýH[SRVXUHýGLVWULFWýLïýý,IýWKHýGDLO\ýLQWDNHýUDWH
LPSOLFLWO\ýLQFOXGHVýWKHýH[SRVXUHýIUHTXHQF\ñýWKHQýWKLVýWHUPýLVýVHW
HTXDOýWRýìï

çïëïêïêýý(JJV

7RýFDOFXODWHýKXPDQýH[SRVXUHVýWRýSROOXWDQWVýIRXQGýLQýHJJVýODLGýE\ýKRPHðJURZQýKHQVñýWKH
ELRWUDQVIHUýIDFWRUVýIRUýHJJVýYHUVXVýWKHýSROOXWDQWýLQWDNHýE\ýFKLFNHQVñýDQGýWKHýSDUDPHWHUVýWKDW
GHVFULEHýWKHýIHHGñýZDWHUñýDQGýVRLOýLQWDNHýUDWHVýRIýFKLFNHQVýPXVWýEHýFKDUDFWHUL]HGï

7KHýDOJRULWKPýIRUýLQJHVWLRQýRIýSROOXWDQWVýLQýHJJVýKDVýWKHýIRUPã
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ZKHUHã
&HJJõLñWô  WKHýSROOXWDQWýFRQFHQWUDWLRQñýPJîNJñýLQýHJJVýLQýWKHýH[SRVXUHýGLVWULFW

LýGXULQJýWKHýWLPHýVWHSýWýREWDLQHGýIURPýPHDVXUHPHQWVýRUýIURPýD
PRGHOýVXFKýDVý75,0ï)D7(ï

>,]ñHJJõNñOôî%:]@  WKHýPRQWKO\ýRUýVHDVRQDOO\ýDYHUDJHGýGDLO\ýUDWHýRIýLQWDNHýRI
HJJVñýNJîNJîGñýE\ýLQGLYLGXDOýRUýFRKRUWý]ýGLYLGHGýE\ýD
UHSUHVHQWDWLYHýLQGLYLGXDO©VýERG\ýZHLJKWýõ%:ôïýý7KH
PLFURHQYLURQPHQWýDQGýDFWLYLW\ýFRGHVýNýDQGýOýDUHýQRWýXVHGýLQ
WKLVýFDOFXODWLRQñ

()]ñHJJõLñWô  WKHýH[SRVXUHýIUHTXHQF\ñýH[SUHVVHGýDVýWKHýIUDFWLRQýRIýGD\V
SHUýPRQWKýHTXLYDOHQWñýWKDWýLQGLYLGXDOýRUýFRKRUWý]ýFRQVXPHV
KRPHðJURZQýHJJVýLQýH[SRVXUHýGLVWULFWýLïýý,IýWKHýGDLO\ýLQWDNH
UDWHýLPSOLFLWO\ýLQFOXGHVýWKHýH[SRVXUHýIUHTXHQF\ñýWKHQýWKLV
WHUPýLVýVHWýHTXDOýWRýìï
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çïëïêïéýý0HDWýDQGý3RXOWU\

7RýFDOFXODWHýKXPDQýH[SRVXUHVýWRýSROOXWDQWVýIRXQGýLQýPHDWñýWKHýELRWUDQVIHUýIDFWRUVýIRUýPHDW
YHUVXVýSROOXWDQWýLQWDNHýE\ýDQLPDOVýUHDUHGîEUHGýIRUýKXPDQýFRQVXPSWLRQýDQGýWKHýSDUDPHWHUVýWKDW
GHVFULEHýWKHýSDVWXUHñýZDWHUñýDQGýVRLOýLQWDNHýUDWHVýRIýWKHVHýDQLPDOVýPXVWýEHýTXDQWLILHGïýý)RUýWKH
SXUSRVHVýRIý75,0ï([SRñýFDWWOHýLVýXVHGýWRýUHSUHVHQWýDOOýDQLPDOVýWKDWýDUHýUHDUHGîEUHGýIRUýKXPDQ
FRQVXPSWLRQï

7KHýDOJRULWKPýIRUýLQJHVWLRQýRIýSROOXWDQWVýIRXQGýLQýPHDWýKDVýWKHýIRUPã

õçðììô$'' 7

, N O

%:
& L W () L W (7 W

7
] PS L

] PS

]W
PS ] PS

ñ ñ

ñ
ñ

õ ô

õ ñ ô
õ ñ ô õ ñ ô õ ô

=





∑

ZKHUHã

&PSõLñWô  WKHýSROOXWDQWýFRQFHQWUDWLRQñýPJîNJýLQýWKHýKRPHðJURZQýPHDW
DQGýSRXOWU\ýõPSôýRIýH[SRVXUHýGLVWULFWýLýGXULQJýWKHýWLPHýVWHSýW
REWDLQHGýIURPýPHDVXUHPHQWVýRUýIURPýDýPRGHOýVXFKýDV
75,0ï)D7(ï

>,]ñPSõNñOôî%:]@  WKHýDYHUDJHýGDLO\ýUDWHýRIýLQWDNHýRIýPHDWýDQGýSRXOWU\ñ
NJîNJîGñýE\ýLQGLYLGXDOýRUýFRKRUWý]ýGLYLGHGýE\ýD
UHSUHVHQWDWLYHýLQGLYLGXDOöVýERG\ýZHLJKWýõ%:ôïýý7KH
PLFURHQYLURQPHQWýDQGýDFWLYLW\ýFRGHVýNýDQGýOýDUHýQRWýXVHGýLQ
WKLVýFDOFXODWLRQï

()]ñPSõLñWôý  WKHýH[SRVXUHýIUHTXHQF\ýRIýPHDWýDQGýSRXOWU\ýFRQVXPSWLRQýRI
LQGLYLGXDOýRUýFRKRUWý]ýLQýH[SRVXUHýGLVWULFWýLýõH[SUHVVHGýDV
WKHýIUDFWLRQýRIýGD\VýSHUýPRQWKýHTXLYDOHQWôïýý,IýWKHýGDLO\
LQWDNHýUDWHýLPSOLFLWO\ýLQFOXGHVýWKHýH[SRVXUHýIUHTXHQF\ñýWKHQ
WKLVýWHUPýLVýVHWýHTXDOýWRýìï

çïëïéý /2&$//<ð*52:1ý&200(5&,$/ý)22'6

7KHýIROORZLQJýVXEVHFWLRQVýGHVFULEHýDOJRULWKPVýIRUýHVWLPDWLQJýLQWDNHýRIýSROOXWDQWVýIRXQG
LQýýORFDOO\ðJURZQýIRRGVïýý7KHVHýW\SHVýRIýDOJRULWKPVýKDYHýEHHQýSUHYLRXVO\ýGHYHORSHGýE\ý0F.RQH
DQGý5\DQýõìäåäôñý0F.RQHýDQGý'DQLHOVýõìääìôñý7UDYLVýDQGý%OD\ORFNýõìääëôñýDQGý0F.RQHýõìääêDñ
EñýFôïýý7KHýIRUPýDQGýUDQJHVýRIýYDOXHVýXVHGýLQýWKHVHýPRGHOVýKDYHýEHHQýYDOLGDWHGýIRUýDýOLPLWHG
QXPEHUýRIýFRPSRXQGVýE\ý%HQQHWWýõìäåìñýìäåëôýDQGýE\ý7UDYLVýDQGý%OD\ORFNýõìääëôï

/RFDOO\ðJURZQýIRRGVýõLïHïñýJURZQýLQýKRPHýJDUGHQVýDQGýFRPPHUFLDOñýORFDOýIDUPVôýDUH
GHILQHGýDVýIRRGVýWKDWýDUHýQRWýRQO\ýSURGXFHGñýEXWýDOVRýFRQVXPHGýZLWKLQýWKHýVDPHýXUEDQýDLUýVKHG
EHLQJýPRGHOHGýE\ý75,0ï([SRïýý7KHýSROOXWDQWýFRQFHQWUDWLRQVýLQýDLUñýVRLOñýDQGîRUýZDWHUýWKDWýDUH
XVHGýWRýDVVHVVýFRQFHQWUDWLRQVýLQýORFDOO\ðJURZQýIRRGVýPDNHýXVHýRIýWKHýDYHUDJHýSROOXWDQW
FRQFHQWUDWLRQýLQýWKHýORFDWLRQVýRIýIDUPVýSURGXFLQJýVXFKýIRRGVïýý)RUýPRGHOLQJýSXUSRVHVñýLWýLVýLGHDO
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LIýGLVWULEXWLRQVýIRUýGHVFULELQJýWKHýORFDOýFRQFHQWUDWLRQVýRIýSROOXWDQWVýLQýSURGXFHñýJUDLQñýPLONýDQG
GDLU\ýSURGXFWVñýPHDWñýHJJVñýDQGýILVKýDUHýDYDLODEOHâýEXWýLIýWKHVHýYDOXHVýDUHýQRWýDYDLODEOHñýWKH\ýPXVW
EHýGHYHORSHGï

çïëïéïìýý9HJHWDEOHVñý)UXLWVñýDQGý*UDLQV

7KHýDOJRULWKPVýXVHGýWRýFDOFXODWHýLQWDNHýRIýSROOXWDQWVýLQýORFDOO\ðJURZQýYHJHWDEOHVñýIUXLWVñ
DQGýJUDLQVýDUHýWKHýVDPHýDVýWKRVHýSURYLGHGýLQý6HFWLRQýçïëïêïìýZLWKýWKHýIROORZLQJýUHSODFHPHQWVã

()]ñJõLñWô  WKHýH[SRVXUHýIUHTXHQF\ñýIUDFWLRQýRIýGD\VýSHUýPRQWKýHTXLYDOHQWñýWKDW
LQGLYLGXDOýRUýFRKRUWý]ýFRQVXPHVýORFDOO\ðSURGXFHGýJUDLQVýLQ
H[SRVXUHýGLVWULFWýLïýý$VýZLWKýKRPHðJURZQýSURGXFHýDQGýKRPHðEUHG
DQLPDOVñýLIýWKHýGDLO\ýLQWDNHýUDWHýRIýORFDOO\ðJURZQýSURGXFHýLPSOLFLWO\
LQFOXGHVýWKHýORFDOO\ðJURZQýSURGXFHýH[SRVXUHýIUHTXHQF\ñýWKHQýWKLV
WHUPýLVýVHWýHTXDOýWRýìï

()]ñHIYõLñWô  WKHýH[SRVXUHýIUHTXHQF\ñýIUDFWLRQýRIýGD\VýSHUýPRQWKýHTXLYDOHQWñýWKDW
LQGLYLGXDOýRUýFRKRUWý]ýFRQVXPHVýORFDOO\ðSURGXFHGýH[SRVHGýIUXLWV
DQGýYHJHWDEOHVýLQýH[SRVXUHýGLVWULFWýLïýý$VýZLWKýKRPHðJURZQ
SURGXFHýDQGýKRPHðEUHGýDQLPDOVñýLIýWKHýGDLO\ýLQWDNHýUDWHýRIýORFDOO\ð
JURZQýSURGXFHýLPSOLFLWO\ýLQFOXGHVýWKHýORFDOO\ðJURZQýSURGXFH
H[SRVXUHýIUHTXHQF\ñýWKHQýWKLVýWHUPýLVýVHWýHTXDOýWRýìï

()]ñSIYõLñWô  WKHýH[SRVXUHýIUHTXHQF\ñýIUDFWLRQýRIýGD\VýSHUýPRQWKýHTXLYDOHQWñýWKDW
LQGLYLGXDOýRUýFRKRUWý]ýFRQVXPHVýORFDOO\ðSURGXFHGýSURWHFWHGýIUXLWV
DQGýYHJHWDEOHVýLQýH[SRVXUHýGLVWULFWýLïýý$VýZLWKýKRPHðJURZQ
SURGXFHýDQGýKRPHðEUHGýDQLPDOVñýLIýWKHýGDLO\ýLQWDNHýUDWHýRIýORFDOO\ð
JURZQýSURGXFHýLPSOLFLWO\ýLQFOXGHVýWKHýORFDOO\ðJURZQýSURGXFH
H[SRVXUHýIUHTXHQF\ñýWKHQýWKLVýWHUPýLVýVHWýHTXDOýWRýìï

&JõDYJñWôýUHSODFHVý&JõLñWôñýZKHUHý&JõDYJñWôýLVýWKHýDYHUDJHGýSROOXWDQWýFRQFHQWUDWLRQñýPJîNJñ
LQýJUDLQVýEDVHGýRQýWKHýDYHUDJHýFRQFHQWUDWLRQýLQýWKHýORFDWLRQVýZKHUHýORFDOýIRRGVýDUH
SURGXFHGýGXULQJýWKHýWLPHýVWHSýWï

&HIYõDYJñWôýUHSODFHVý&HIYõLñWôñýZKHUHý&HIYõDYJñWôýLVýWKHýDYHUDJHGýSROOXWDQWýFRQFHQWUDWLRQñ
PJîNJñýLQýH[SRVHGýIUXLWVýDQGýYHJHWDEOHVýEDVHGýRQýWKHýDYHUDJHýFRQFHQWUDWLRQýLQýWKH
ORFDWLRQVýZKHUHýORFDOýIRRGVýDUHýSURGXFHGýGXULQJýWKHýWLPHýVWHSýWï

&SIYõDYJñWôýUHSODFHVý&SIYõLñWôñýZKHUHý&SIYõDYJñWôýLVýWKHýDYHUDJHGýSROOXWDQWýFRQFHQWUDWLRQñ
PJîNJñýLQýSURWHFWHGýIUXLWVýDQGýYHJHWDEOHVýEDVHGýRQýWKHýDYHUDJHýFRQFHQWUDWLRQýLQýWKH
ORFDWLRQVýZKHUHýORFDOýIRRGVýDUHýSURGXFHGýGXULQJýWKHýWLPHýVWHSýWï
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çïëïéïëýý'DLU\ý3URGXFWV

7KHýDOJRULWKPVýXVHGýWRýFDOFXODWHýLQWDNHýRIýSROOXWDQWVýIURPýORFDOO\ðSURGXFHGýGDLU\
SURGXFWVýDUHýWKHýVDPHýDVýWKRVHýSURYLGHGýLQý6HFWLRQýçïëïêïëýZLWKýWKHýIROORZLQJýUHSODFHPHQWVã

()]ñGSõLñWô  WKHýH[SRVXUHýIUHTXHQF\ñýH[SUHVVHGýDVýWKHýIUDFWLRQýRIýGD\VýSHU
PRQWKýHTXLYDOHQWñýWKDWýLQGLYLGXDOýRUýFRKRUWý]ýFRQVXPHV
ORFDOO\ðSURGXFHGýGDLU\ýSURGXFWVýLQýH[SRVXUHýGLVWULFWýLïýý$VýZLWK
KRPHðJURZQýSURGXFHýDQGýKRPHðEUHGýDQLPDOVñýLIýWKHýGDLO\ýLQWDNH
UDWHýRIýORFDOO\ðSURGXFHGýGDLU\ýSURGXFWVýLPSOLFLWO\ýLQFOXGHVýWKH
ORFDOO\ðSURGXFHGýGDLU\ýSURGXFWVýH[SRVXUHýIUHTXHQF\ñýWKHQýWKLVýWHUP
LVýVHWýHTXDOýWRýìï

&GSõDYJñWôýUHSODFHVý&GSõLñWôñýZKHUHý&GSõDYJñWôýLVýWKHýVSDWLDOO\ýDYHUDJHGýSROOXWDQW
FRQFHQWUDWLRQñýPJîNJñýLQýWKHýPLONýGHULYHGýIURPýDOOýVXEXUEDQýDQGýUXUDOýH[SRVXUHýGLVWULFWV
ZKHUHýORFDOýGDLU\ýSURGXFWVýDUHýSURGXFHGýGXULQJýWKHýWLPHýVWHSýWï

çïëïéïêýý(JJV

7KHýDOJRULWKPVýXVHGýWRýFDOFXODWHýLQWDNHýRIýSROOXWDQWVýIRXQGýLQýORFDOO\ðSURGXFHGýHJJVýDUH
WKHýVDPHýDVýWKRVHýSURYLGHGýLQý6HFWLRQýçïëïêïêýZLWKýWKHýIROORZLQJýUHSODFHPHQWVã

()]ñHJJõLñWô  WKHýH[SRVXUHýIUHTXHQF\ñýIUDFWLRQýRIýGD\VýSHUýPRQWKýHTXLYDOHQWñýWKDW
LQGLYLGXDOýRUýFRKRUWý]ýFRQVXPHVýORFDOO\ðSURGXFHGýHJJVýLQýH[SRVXUH
GLVWULFWýLïýý$VýZLWKýKRPHðJURZQýSURGXFHýDQGýKRPHðEUHGýDQLPDOVñýLI
WKHýGDLO\ýLQWDNHýUDWHýRIýORFDOO\ðSURGXFHGýHJJVýLPSOLFLWO\ýLQFOXGHV
WKHýORFDOO\ðSURGXFHGýHJJVýH[SRVXUHýIUHTXHQF\ñýWKHQýWKLVýWHUPýLVýVHW
HTXDOýWRýìï

&HõDYJñWôýUHSODFHVý&HJJõLñWôñýZKHUHý&HJJõDYJñWôýLVýWKHýDYHUDJHGýSROOXWDQWýFRQFHQWUDWLRQñ
PJîNJñýLQýHJJVýEDVHGýRQýWKHýDYHUDJHýFRQFHQWUDWLRQýLQýWKHýORFDWLRQVýZKHUHýHJJVýDUH
SURGXFHGýORFDOO\ýGXULQJýWKHýWLPHýVWHSýWï

ï
çïëïéïéýý0HDWýDQGý3RXOWU\

7KHýDOJRULWKPVýXVHGýWRýFDOFXODWHýLQWDNHýRIýSROOXWDQWVýIRXQGýLQýORFDOO\ðSURGXFHGýPHDWýDQG
SRXOWU\ýDUHýWKHýVDPHýDVýWKRVHýSURYLGHGýLQý6HFWLRQýçïëïêïéýZLWKýWKHýIROORZLQJýUHSODFHPHQWVã

()]ñPSõLñWôý  WKHýH[SRVXUHýIUHTXHQF\ñýQXPEHUýRIýGD\VýSHUýPRQWKýHTXLYDOHQWñýWKDW
LQGLYLGXDOýRUýFRKRUWý]ýFRQVXPHVýORFDOO\ðSURGXFHGýPHDWýSURGXFWVýLQ
H[SRVXUHýGLVWULFWýLïýý$VýZLWKýKRPHðJURZQýSURGXFHýDQGýKRPHðEUHG
DQLPDOVñýLIýWKHýGDLO\ýLQWDNHýUDWHýRIýORFDOO\ðSURGXFHGýPHDWýSURGXFWV
LPSOLFLWO\ýLQFOXGHVýWKHýORFDOO\ðSURGXFHGýPHDWýSURGXFWVýH[SRVXUH
IUHTXHQF\ñýWKHQýWKLVýWHUPýLVýVHWýHTXDOýWRýìïýý



&+$37(5ýç
,1*(67,21

129(0%(5ýìäää çðëë 75,0ï(;32ý76'ýõ'5$)7ô

&PSõDYJñWôýUHSODFHVý&PSõLñWôñýZKHUHý&PSõDYJñWôýLVýWKHýDYHUDJHGýSROOXWDQWýFRQFHQWUDWLRQñ
PJîNJñýLQýPHDWýEDVHGýRQýWKHýDYHUDJHýFRQFHQWUDWLRQýLQýWKHýORFDWLRQVýZKHUHýORFDOýPHDW
SURGXFWVýDUHýSURGXFHGýGXULQJýWKHýWLPHýVWHSýWï

çïëïéïèýý)LVKýõ&RPPHUFLDOñý6XEVLVWHQFHñýDQGý5HFUHDWLRQDOô

([SRVXUHVýWRýSROOXWDQWVýWKDWýDUHýIRXQGýLQýILVKýDUHýDVVXPHGýWRýRFFXUýRQO\ýRQýDýORFDOýVFDOHñ
ZLWKýQRýUHVLGHQWLDOýõKRPHôýVFDOHýH[SRVXUHVïýý7KHýDOJRULWKPýIRUýLQJHVWLRQýRIýSROOXWDQWVýIRXQGýLQ
ILVKýKDVýWKHýIRUPã
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>,]ñIõNñOôî%:]@  WKHýDYHUDJHýGDLO\ýUDWHýRIýLQWDNHýRIýILVKýõIôñýNJîNJîGñýE\ýLQGLYLGXDOýRU
FRKRUWý]ýGLYLGHGýE\ýDýUHSUHVHQWDWLYHýLQGLYLGXDOöVýERG\ýZHLJKWýõ%:ôïý
7KHýPLFURHQYLURQPHQWýDQGýDFWLYLW\ýFRGHVýNýDQGýOýDUHýQRWýXVHGýLQ
WKLVýFDOFXODWLRQï

&IõDYJñWô  WKHýVSDWLDOO\ýRUýPDUNHWýDYHUDJHGýSROOXWDQWýFRQFHQWUDWLRQñýPJîNJñýLQ
WKHýILVKýRIýDOOýH[SRVXUHýGLVWULFWVýLQýWKHýDLUýVKHGýEHLQJýFRQVLGHUHG
GXULQJýWKHýWLPHýVWHSýWï

()]ñIõLñWôý  WKHýH[SRVXUHýIUHTXHQF\ñýH[SUHVVHGýDVýWKHýIUDFWLRQýRIýGD\VýSHU
PRQWKýRUýLWVýHTXLYDOHQWôñýWKDWýLQGLYLGXDOýRUýFRKRUWý]ýLQýH[SRVXUH
GLVWULFWýLýFRQVXPHVýORFDOO\ðFDXJKWýILVKïýý:KHQýWKHýGDLO\ýLQWDNHýUDWH
LPSOLFLWO\ýLQFOXGHVýH[SRVXUHýIUHTXHQF\ýWKLVýWHUPýFDQýEHýVHWýHTXDOýWR
ìïýýý

7KHý75,0ï([SRýPRGXOHýXWLOL]HVýWKUHHýW\SHVýRIýFRKRUWVýWRýUHIOHFWýGLIIHUHQFHVýLQýWKH
H[SRVXUHýIUHTXHQF\ýWRýILVKý¤ýWKRVHýZKRýEX\ýDQGýFRQVXPHýORFDOO\ðUDLVHGýILVKñýEXWýGRýQRWýFDWFK
WKHLUýRZQýILVKâýWKRVHýZKRýFRQVXPHýORFDOO\ðUDLVHGýILVKýWKDWýWKH\ýDOVRýFDWFKýRQýWKHLUýRZQýõHïJïñ
UHFUHDWLRQDOýILVKHUPHQôâýDQGýWKRVHýZKRýDUHýVXEVLVWHQFHýILVKHUPHQýZKRýFDWFKýILVKýIRUýDýOLYLQJýDQG
DOVRýHDWýWKHýILVKýWKDWýWKH\ýFDWFKïý

çïëïè 5(&5($7,21$/ý63257ý0($7ýõ+817,1*ô

([SRVXUHVýWRýSROOXWDQWVýIRXQGýLQýJDPHýDQLPDOVýõHïJïñýGHHUñýZDWHUýIRZOôýDUHýDVVXPHGýWR
RFFXUýRQO\ýRQýDýORFDOýVFDOHñýZLWKýQRýUHVLGHQWLDOýõKRPHôýVFDOHýH[SRVXUHVïýý7KHýDOJRULWKPýIRU
LQJHVWLRQýRIýSROOXWDQWVýLQýPHDWýIURPýJDPHýDQLPDOVýLVýDVýIROORZVã



&+$37(5ýç
,1*(67,21

129(0%(5ýìäää çðëê 75,0ï(;32ý76'ýõ'5$)7ô

õçðìêô$'' 7

, N O

%:
& DYJ W (7 W

7
] VP L

] VP

]W
VP

ñ ñ

ñ

õ ô

õ ñ ô
õ ñ ô õ ô

=





∑

ZKHUH

>,]ñVPõNñOôî%:]@ý  WKHýWLPHðVWHSýDYHUDJHGýGDLO\ýUDWHýRIýLQWDNHýRIýVSRUWýPHDW
õVPôñýNJîNJîGñýE\ýLQGLYLGXDOýRUýFRKRUWý]ýGLYLGHGýE\ýD
UHSUHVHQWDWLYHýLQGLYLGXDO©VýERG\ýZHLJKWýõ%:ôïýý7KH
PLFURHQYLURQPHQWýDQGýDFWLYLW\ýFRGHVýNýDQGýOýDUHýQRWýXVHGýLQ
WKLVýFDOFXODWLRQï

&VPõDYJñWôý  WKHýDYHUDJHGýSROOXWDQWýFRQFHQWUDWLRQñýPJîNJñýLQýWKHýPHDWýRI
JDPHýDQLPDOVýUHVLGLQJýLQýWKHýDLUýVKHGýEHLQJýFRQVLGHUHG
GXULQJýWKHýWLPHýVWHSýWï

7KHUHýLVýFXUUHQWO\ýQRýVHSDUDWHýDOJRULWKPýDYDLODEOHýLQý75,0ï([SRýWRýGHWHUPLQH
FRQFHQWUDWLRQVýLQýJDPHýDQLPDOýWLVVXHVïýý7KLVýLQIRUPDWLRQýPXVWýEHýREWDLQHGýIURPýDYDLODEOHýGDWDýRU
FDQýEHýREWDLQHGýIURPýWKHýRXWSXWýRIý75,0ï)D7(ï

çïê ,17(*5$7,21ý2)ý(;32685(6ý$&5266ý08/7,3/(
,1*(67,21ý0(',$

7KHýLQWHJUDWLRQýRIýLQJHVWLRQýH[SRVXUHVýDFURVVýPXOWLSOHýPHGLDýIRUýDQýLQGLYLGXDOýRUýFRKRUW
LVýEDVHGýRQýPDWFKLQJýWLPHýVFDOHVïýý$OOýLQJHVWLRQýLQWDNHVýZLWKLQýDýJLYHQýWLPHýVWHSýDUHýVXPPHGñýDQG
FXUUHQWO\ñýUHODWLYHO\ýODUJHýWLPHýVWHSVýõPRQWKO\ôýDUHýXVHGýLQý75,0ï([SRñýVXFKýWKDWýWKHýWLPH
DJJUHJDWLRQýRIýLQJHVWLRQýH[SRVXUHVýLVýVWUDLJKWýIRUZDUGýDQGýGRHVýQRWýLQWURGXFHýDýVLJQLILFDQWýVRXUFH
RIýXQFHUWDLQW\ýRUýFRQIXVLRQïýý(YHQýGDLO\ýDJJUHJDWLRQýRIýLQJHVWLRQýH[SRVXUHVýVKRXOGýQRWýEH
GLIILFXOWýVLQFHý75,0ï([SRýLVýFDSDEOHýRIýZRUNLQJýLQýKRXUO\ýWLPHýVWHSVïýý+RZHYHUñýPRUH
LPSRUWDQWO\ñýLIý75,0ï([SRýLVýXVHGýWRýLQWHJUDWHýLQJHVWLRQýH[SRVXUHVýLQýKRXUO\ýWLPHýVWHSVñýWKHQýýD
FRPSUHKHQVLYHýLQYHQWRU\ýRIýPLFURðDFWLYLW\ýGDWDýRQýWKHýGDLO\ýZDWHUýDQGýIRRGýLQWDNHýDQG
KDQGðWRðPRXWKýDFWLYLWLHVýRIýFRKRUWVýDQGýLQGLYLGXDOVýDUHýQHHGHGïýý6XFKýGDWDýDUHýQRWý\HWýDYDLODEOHï

:LWKýUHJDUGýWRýLQJHVWLRQñýVRPHýSURGXFWVýDUHýERORXVýH[SRVXUHVýZKLFKýDUHýGLVFUHWHýZKLOH
RWKHUVýDUHýDJJUHJDWHGýõHïJïñýDýEHHIýPHDOýZRXOGýEHýDVVRFLDWHGýZLWKýDýVSHFLILFýIDUPýDQGýKDYHýD
VSDWLDOO\ýGHSHQGHQWýFRQFHQWUDWLRQñýZKLOHýPLONýZRXOGýOLNHO\ýEHýDýGLOXWHGýH[SRVXUHýFRPSRVHGýRIýD
PL[WXUHýRIýPLONýIURPýDOOýQHLJKERULQJýGDLU\ýIDUPVôïýý7KHUHIRUHñýZKHUHýDSSURSULDWHýWKHVHýH[SRVXUHV
VKRXOGýEHýPRGHOHGýRQýDýPHDOðE\ðPHDOýEDVLVýõLïHïñýIRUýHDFKýPHDOñýWKHýVRXUFHýRIýWKHýIRRGýLWHPýLV
UDQGRPO\ýVHOHFWHGýEDVHGýRQýWKHýSURSRUWLRQýRIýLWVýFRQWULEXWLRQýWRýWKHýWRWDOýFRPPRGLW\ýORDGýDQGñ
WKXVñýWKHýSROOXWDQWýFRQFHQWUDWLRQýLQýWKHýIRRGýLWHPýZRXOGýEHýVSHFLILFýWRýWKDWýIDUPôïýý3UREDELOLVWLF
DSSURDFKHVýZRXOGýEHýUHSHDWHGýIRUýHDFKýPHDOýWRýJHWýDýPRUHýUHSUHVHQWDWLYHýHVWLPDWHýRIýGLHWDU\
H[SRVXUHïýý7KLVýSURFHVVýLVýGHVFULEHGýLQýPRUHýGHWDLOýLQý(3$©VýJXLGDQFHýRQýKHDOWKýULVNVýDVVRFLDWHG
ZLWKýPXOWLSOHýH[SRVXUHýSDWKZD\VýWRýFRPEXVWRUýHPLVVLRQVýõ8ï6ïý(3$ýìääæGôï
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7KHýSRSXODWLRQýULVNýõLïHïñýLQFLGHQFHýRIýHIIHFWVôýIURPýSROOXWDQWVýWKDWýDUHýEHOLHYHGýWRýH[KLELW
QRQðWKUHVKROGýPHFKDQLVPVýõLïHïñýOLQHDUýFDUFLQRJHQVôýFDQýEHýHVWLPDWHGýEDVHGýRQýWKHýDPRXQWýRI
SROOXWDQWVýHQWHULQJýWKHýIRRGýVXSSO\ýHDFKý\HDUýõ8ï6ïý(3$ýìääæGôïýý7KLVýPHWKRGñýDVýVSHFLILHGýLQ
(3$ýJXLGDQFHýõ8ï6ïý(3$ýìääæGôñýXVHVýWKHýDQQXDOýDPRXQWýRIýIRRGýSURGXFHGýLQýYDULRXVýIRRGð
SURGXFLQJýUHJLRQVýRIýWKHýVWXG\ýDUHDýDVýWKHýPHWULFýRIýFRQFHUQýDQGýWKHQýHVWLPDWHVýWKHýVXEVHTXHQW
H[SRVXUHVýWRýSROOXWDQWVýLQýWKHýIRRGïý

ýçïé ',6&866,21ý2)ý$/*25,7+0ý,13876ý$1'ý9$/8(6ý

$QýLPSRUWDQWýDWWULEXWHýRIýH[SRVXUHýPRGHOVýLVýWKHýDELOLW\ýWRýDFFRXQWýIRUýIDFWRUVýWKDWýFRQWURO
YDULDWLRQýLQýKXPDQýFRQWDFWýõLïHïñýDJHñýJHQGHUñýORFDWLRQñýDFWLYLW\ýSDWWHUQVôïýý([SRVXUHýDVVHVVPHQWV
IRUýLQJHVWLRQýSDWKZD\VýXVHýRIýDýQXPEHUýRIýIDFWRUVýWKDWýDUHýERWKýYDULDEOHýDQGýXQFHUWDLQïýý)RUýHDFK
UHOHYDQWýSRSXODWLRQýFRKRUWñýDýQXPEHUýRIýH[SRVXUHýIDFWRUVýGHVFULEHGýLQýWKHýSUHYLRXVýVHFWLRQVýFDQ
EHýXVHGýWRýFKDUDFWHUL]HýFRQWDFWýDQGýLQWDNHïýý7KHVHýIDFWRUVýDUHýXVHGýWRýGHVFULEHýVSHFLILFýLQJHVWLRQ
EHKDYLRUVýõHïJïñýUDWHVýRIýLQJHVWLRQýIRUýVSHFLILFýPHGLDýVXFKýDVýILVKýDQGýZDWHUýIRUýVSHFLILFýFRKRUWVô
RUýWRýGHVFULEHýWKHýFKDUDFWHULVWLFVýRIýWKHýSRSXODWLRQVýWKHPVHOYHVýõHïJïñýERG\ýZHLJKWôïý)RUýHDFKýRI
WKHVHýSDUDPHWHUVñýLWýLVýQHFHVVDU\ýWRýGHYHORSýDýUDQJHýRIýYDOXHVýWKDWýUHSUHVHQWýWKHýSRSXODWLRQ
FRKRUWVïýý&XUUHQWO\ñý2$436ýLVýFRPSLOLQJýDQGýHYDOXDWLQJýGDWDýIRUýHDFKýSDUDPHWHUýIRUý75,0ï([SRïý
7KHý(3$©Vý([SRVXUHý)DFWRUVý+DQGERRNýõ8ï6ïý(3$ýìääæEôýLVýRQHýVRXUFHýEHLQJýXVHGýH[WHQVLYHO\
WRýGHULYHýVXFKýIDFWRUVïýý(3$©Vý1DWLRQDOý&HQWHUýIRUý(QYLURQPHQWDOý$VVHVVPHQWýõ1&($ôýLV
FXUUHQWO\ýFRQGXFWLQJýUHVHDUFKýRQýKRZýWRýGHULYHýGLVWULEXWLRQVýIRUýPDQ\ýRIýWKHýLQJHVWLRQýH[SRVXUH
IDFWRUVýLGHQWLILHGýLQýWKLVýFKDSWHUïýý:KHQýWKHVHýGLVWULEXWLRQVýEHFRPHýDYDLODEOHñýWKH\ýZLOOýEH
DGRSWHGýDVýDSSURSULDWHýIRUýXVHýLQý75,0ï([SRïýý,QýWKHýPHDQWLPHñýHIIRUWVýDUHýXQGHUZD\ýE\ý2$436
DQGýRWKHUý(3$ýSURJUDPýRIILFHVýWRýGHYHORSýH[SRVXUHýIDFWRUVýDQGýDVVRFLDWHGýGLVWULEXWLRQVýIRU
VSHFLILFýSDUDPHWHUVýIRUýXVHýLQýULVNýDVVHVVPHQWVïýý:KHQýWKHVHýDUHýDYDLODEOHñýWKH\ýZLOOýEHýSXEOLVKHG
DQGýEHýWKHýVXEMHFWýRIýVXEVHTXHQWýUHYLHZVï
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æï 5()(5(1&(6

$LQVZRUWKñý%ï(ïñý:ï/ïý+DVNHOOñý$ï6ïý/HRQýDQGý'ï5ïý-DFREVñý-Uïýýìääêïýý&RPSHQGLXPýRIý3K\VLFDO
$FWLYLWLHVãýý&ODVVLILFDWLRQýRIý(QHUJ\ý&RVWVýRIý+XPDQý3K\VLFDOý$FWLYLWLHVïýý0HGïý6FLïý6SRUWVý([HUïý
ëèãæìðåíï

$NODQGñý*ïñý7ïý+DUWZHOOñý7ïý-RKQVRQýDQGý:ï5ïý:KLWPRUHïýýìäåèïýý0HDVXULQJý+XPDQý([SRVXUHýWR
&DUERQý0RQR[LGHýLQý:DVKLQJWRQñý'ï&ïñýDQGý'HQYHUñý&RORUDGRñý'XULQJýWKHý:LQWHUýRIýìäåëðìäåêïý
(QYLURQïý6FLïý7HFKQROïýýìäãäììðäìåï

$OORWWñý5ï:ïñý0ïý.HOO\ýDQGý&ï1ïý+HZLWWïýýìääëïýý%HKDYLRUýRIý8UEDQý'XVWý&RQWDPLQDWHGýE\
&KHUQRE\Oý)DOORXWãýý(QYLURQPHQWDOý+DOI¤OLYHVýDQGý7UDQVIHUý&RHIILFLHQWVïýý(QYLURQïý6FLïý7HFKQROï
ëçãëìéëðëìéæï

cVWUDQGñý,ïýýìäçíïýý$HURELFý:RUNý&DSDFLW\ýLQý0HQýDQGý:RPHQýZLWKý6SHFLDOý5HIHUHQFHýWRý$JHïý
$FWDïý3K\VLROïý6FDQGïýýéäõ6XSSïýìçäôï

%HQQHWWñý%ï*ïýýìäåìïýý7KHý([SRVXUHý&RPPLWPHQWý0HWKRGýLQý(QYLURQPHQWDOý3ROOXWDQW
$VVHVVPHQWïýý(QYLURQïý0RQLWïý$VVHVVïýýìãëì¤êçï

%HQQHWWñý%ï*ïýýìäåëïýý([SRVXUHýRIý0DQýWRý(QYLURQPHQWDOý1LFNHOý¤ý$Qý([SRVXUHý&RPPLWPHQW
$VVHVVPHQWïýý6FLïý7RWDOý(QYLURQïýýëëãëíê¤ëìëï

%UDLQDUGñý-ïýDQGý'ïý%XUPDVWHUïýýìääëïýý%LYDULDWHý'LVWULEXWLRQVýIRUý+HLJKWýDQGý:HLJKWýRIý0HQýDQG
:RPHQýLQýWKHý8QLWHGý6WDWHVïýý5LVNý$QDO\VLVïýýìëãëçæðëæèï

%XFNñý5ï-ïñý.ï$ïý+DPPHUVWURPñýDQGý3ï%ïý5\DQïýýìääèïýý(VWLPDWLQJý/RQJðWHUPý([SRVXUHVýIURP
6KRUWðWHUPý0HDVXUHPHQWVïýý-ïý([SRVïý$QDOïýDQGý(QYLURQïý(SLGHPïýèñýêèäðêæêï

%XUHDXýRIý&HQVXVïýýìääéïýý673ìèéãýý&HQVXVý7UDFWýRIý:RUNýE\ý&HQVXVý7UDFWýRIý5HVLGHQFHïýý8ï6ï
'HSDUWPHQWýRIý&RPPPHUFHñý3RSXODWLRQý'LYLVLRQñý-RXUQH\ðWRð:RUNýDQGý0LJUDWLRQý6WDWLVWLFV
%UDQFKï

%XUHDXýRIý&HQVXVïýýìääèïýý$PHULFDQý+RXVLQJý6XUYH\ýIRUýWKHý'HQYHUý0HWURSROLWDQý$UHDýLQýìääèïý
&XUUHQWý+RXVLQJý5HSRUWVïýý5HSRUWý1Rïý+ìæíîäèðéçïýý8ïý6ïý'HSDUWPHQWýRIý&RPPHUFHïý

%XUPDVWHUñý'ï(ïýDQGý.ïýYRQý6WDFNHOEHUJïýýìääìïýý8VLQJý0RQWHý&DUORý6LPXODWLRQVýLQý3XEOLF
+HDOWKý5LVNý$VVHVVPHQWVãýýý(VWLPDWLQJýDQGý3UHVHQWLQJý)XOOý'LVWULEXWLRQVýRIý5LVNïýý-ïý([SRVïý$QDOï
(QYLURQïý(SLGHPïýýìãéäìðèìëï

%XUPDVWHUñý'ï(ïýDQGý(ï$ï&ý&URXFKïýýìääæïýý/RJQRUPDOý'LVWULEXWLRQVýRIý%RG\ý:HLJKWýDVýD
)XQFWLRQýRIý$JHýIRUý0DOHVýDQGý)HPDOHVýLQýWKHý8QLWHGý6WDWHVñýìäæç¤ìäåíïýý5LVNý$QDO\VLVïý
ìæãéääðèíèïý

&DODEUHVHñý(ï-ïýDQGý(ï-ïý6WDQHNïýýìääèïýý5HVROYLQJý,QWHUWUDFHUý,QFRQVLVWHQFLHVýLQý6RLOý,QJHVWLRQ
(VWLPDWLRQïýý(QYLURQïý+HDOWKý3HUVSïýýìíêãéèéðéèæï
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&$5%ïýýìääåDïýý&DOLIRUQLDý$LUý5HVRXUFHVý%RDUGïýý'HYHORSPHQWýRIýDý0RGHOýIRUý$VVHVVLQJý,QGRRU
([SRVXUHýWRý$LUý3ROOXWDQWVïýý5HSRUWý1Rïý,(ðëçêìïýý6DFUDPHQWRñý&$ãýý5HVHDUFKý'LYLVLRQïýý-DQXDU\ï

&$5%ïýýìääåEïýý&DOLIRUQLDý$LUý5HVRXUFHVý%RDUGïýý0HDVXULQJý&RQFHQWUDWLRQVýRIý6HOHFWHGý$LU
3ROOXWDQWVý,QVLGHý&DOLIRUQLDý9HKLFOHVïýý&RQWUDFWý1Rïýäèðêêäïýý6DFUDPHQWRñý&$ãýý5HVHDUFK
'LYLVLRQïýý'HFHPEHUï

&RPPLVVLRQýRIý5LVNý$VVHVVPHQWýDQGý5LVNý0DQDJHPHQWýõ&5$50ôïýýìääæïýý5LVNý$VVHVVPHQWýDQG
5LVNý0DQDJHPHQWýLQý5HJXODWRU\ý'HFLVLRQð0DNLQJïýý)LQDOý5HSRUWñý9ROXPHýëï

&RQWLQXLQJý6XUYH\ýRIý)RRGý,QWDNHVýE\ý,QGLYLGXDOVýõ&6),,ôýìääçýDQGýWKHý'LHWýDQGý+HDOWK
.QRZOHGJHý6XUYH\ýìääéðäçïýý)RRGýDQGý1XWULHQWý,QWDNHýE\ý,QGLYLGXDOVýLQýWKHý8QLWHGý6WDWHVýE\ýDQG
$JHñýìääéðäçïýý1)6ý5HSRUWý1Rýäçðëïýý8ï6ïý'HSDUWPHQWýRIý$JULFXOWXUHï

&XOOHQñý$ï&ïýDQGý+ï&ïý)UH\ïýýìäääïýý3UREDELOLVWLFý7HFKQLTXHVýLQý([SRVXUHý$VVHVVPHQWãý$
+DQGERRNýIRUý'HDOLQJýZLWKý9DULDELOLW\ýDQGý8QFHUWDLQW\ýLQý0RGHOVýDQGý,QSXWVïýý3OHQXPý3UHVVñ
1HZý<RUNï

'DLVH\ñý-ï0ïñý.ï5ï5ïý0DKDQDPDýDQGý$ï7ïý+RGJVRQïýýìääåïýý7R[LFý9RODWLOHý2UJDQLFý&RPSRXQGV
LQý6LPXODWHGý(QYLURQPHQWDOý7REDFFRý6PRNHãýý(PLVVLRQý)DFWRUVýIRUý([SRVXUHý$VVHVVPHQWïýý-ï
([SRVïý$QDOïý(QYLURQïý(SLGHPïýýåãêìêðêêéï

'DYLVñý6ïñý3ïý:DOOHUñý5ïý%XVFKERPñý-ïý%DOORXýDQGý3ïý:KLWHïýýìääíïýý4XDQWLWDWLYHý(VWLPDWHVýRIý6RLO
,QJHVWLRQýLQý1RUPDOý&KLOGUHQý%HWZHHQýWKHý$JHVýRIýëð\HDUVýDQGýæð\HDUVý¤ý3RSXODWLRQðEDVHG
(VWLPDWHVý8VLQJý$OXPLQXPñý6LOLFRQñýDQGý7LWDQLXPýDVý6RLOý7UDFHUý(OHPHQWVïýý$UFKïý(QYLURQï
+HDOWKïýýéèãììëðìëëï

'URSSRñý-ï*ïñý-Uïñý-ï:ïý%XFNñý'ï/ïý6WUHQJHýDQGý%ï/ïý+RRSHVïýýìääëïýý5LVNý&RPSXWDWLRQýIRU
(QYLURQPHQWDOý5HVWRUDWLRQý$FWLYLWLHVïýý-ïýRIý+D]ïý0DWïýýêèãêéìðêèëï

'XDQñý1ïýýìäåëïý0RGHOVýIRUý+XPDQý([SRVXUHýWRý$LUý3ROOXWLRQïýý(QYLURQPHQWý,QWHUQDWLRQDOýýåã
êíèï

(UVKRZñý$ï*ïýDQGý)ï3ïý&DQWRUïýýìäåäïýý7RWDOý:DWHUý,QWDNHýDQGý7DSZDWHUý,QWDNHýLQýWKHý8QLWHGý
6WDWHVãýý3RSXODWLRQðEDVHGý(VWLPDWHVýRIý4XDQWLOHVýDQGý6RXUFHVïýý5HSRUWýSUHSDUHGýXQGHUý1DWLRQDO
&DQFHUý,QVWLWXWHý2UGHUýúëçêð0'ðåìíëçéýZLWKýWKHý/LIHý6FLHQFHVý5HVHDUFKý2IILFHñý)HGHUDWLRQýRI
$PHULFDQý6RFLHWLHVýIRUý([SHULPHQWDOý%LRORJ\ñý%HWKHVGDñý0'ï

)UHLMHUñý-ï,ïñý+ï-ïý7Kïý%ORHPHQñý6ïýGHý/RRVñý0ïý0DUUDñý3ï-ï$ïý5RPERXWñý*ï0ïý6WHHQWMHVýDQGý0ï3ï
YDQý9HHQïýýìääæïýý0RGHOOLQJý([SRVXUHýRIýWKHý'XWFKý3RSXODWLRQýWRý$LUý3ROOXWLRQïýý,Qãýý%ï-ï0ïý$OHñ
0ï3ï0ïý-DQVVHQñýDQGý0ï-ï0ïý3UXSSHUVñýHGVïýý3URFHHGLQJVýRIýWKHý5LVNýäæãý,QWHUQDWLRQDO
&RQIHUHQFHý0DSSLQJý(QYLURQPHQWDOý5LVNVýDQGý5LVNý&RPSDULVRQñý5$,ý,QWHUQDWLRQDOý&RQJUHVV
&HQWUHñý$PVWHUGDPñý7KHý1HWKHUODQGVñýSSïýìíèðìììï
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*HQHUDOý6FLHQFHVý&RUSRUDWLRQýõ*6&ôïýýìäååïýý3&*(06ý8VHU©Vý*XLGHñý5HOHDVHýìïíïýý&RQWUDFWý1Rï
çåðíëðéëåìïýý3UHSDUHGýIRUý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ñý2IILFHýRIý7R[LFý6XEVWDQFHVñ
([SRVXUHý(YDOXDWLRQý'LYLVLRQï

*HRUJRSRXORVñý3ï*ïñý$ïý:DOLDñý$ïý5R\ýDQGý3ï-ïý/LR\ïýýìääæïýý,QWHJUDWHGý([SRVXUHýDQGý'RVH
0RGHOLQJýDQGý$QDO\VLVý6\VWHPïýýìïý)RUPXODWLRQýDQGý7HVWLQJýRIý0LFURHQYLURQPHQWDOýDQG
3KDUPDFRNLQHWLFý&RPSRQHQWVïýý(QYLURQïý6FLïý7HFKQROïýýêìãìæðëæï

*OHQñý*ïñý<ïý/DNNDGLñý-ï$ïý7LSSHWWýDQGý0ïýGHOý9DOOHð7RUUHVýõ3UHSDUHGýE\ý0DQ7HFK
(QYLURQPHQWDOý7HFKQRORJ\ñý,QFïôïýýìääæïýý'HYHORSPHQWýRIý1(5/î&+$'ãý7KHý1DWLRQDOý([SRVXUH
5HVHDUFKý/DERUDWRU\ý&RQVROLGDWHGý+XPDQý$FWLYLW\ý'DWDEDVHïýý(3$ý&RQWUDFWý1Rïýçåð'èðííéäï

+D\HVñý6ï5ïñý&ïý6HLJQHXUýDQGý*ï:ïý/XQGEHUJïýýìäåéïýý1XPHULFDOý0RGHOLQJýRIý2]RQHý3RSXODWLRQ
([SRVXUHãý$SSOLFDWLRQýWRýDý&RPSDULVRQýRIý$OWHUQDWLYHý2]RQHý6WDQGDUGVïýý6DQý5DIDHOñý&$ãý
6\VWHPVý$SSOLFDWLRQVñý,QFïý

+D\HVñý6ï5ïýDQGý*ï:ïý/XQGEHUJïýýìäåèïýý)XUWKHUý,PSURYHPHQWýDQGý6HQVLWLYLW\ý$QDO\VLVýRIýDQ
2]RQHý3RSXODWLRQý([SRVXUHý0RGHOïýý6DQý5DIDHOñý&$ãýý6\VWHPVý$SSOLFDWLRQVñý,QFïý

+HLOñý'ï3ïñý3ï6ïý)UHHGVRQñý/ï(ïý$KOTXLVWñý-ïý3ULFHýDQGý-ï0ïý5LSSHïýýìääèïýý1RQH[HUFLVHý5HJUHVVLRQ
0RGHOVýWRý(VWLPDWHý3HDNý2[\JHQý&RQVXPSWLRQïýý0HGïý6FLïý6SRUWVý([HUïýýëæãèääðçíçï

-HQNLQVñý3ï/ïñý7ï-ïý3KLOOLSVñý(ï-ïý0XOEHUJñýDQGý6ï3ïý+XLïýýìääëïýý$FWLYLW\ý3DWWHUQVýRIý&DOLIRUQLDQVãý
8VHýRIýDQGý3UR[LPLW\ýWRý,QGRRUý3ROOXWDQWý6RXUFHVïýý$WPRVïý(QYLURQïýýëç$ãëìéìðëìéåï

-HQNLQVñý5ï$ïñý$ïý3DODXVN\ñý5ï:ïý&RXQWVñý&ï.ïý%D\QHñý$ï%ïý'LQGDOýDQGý0ï5ïý*XHULQïýýìääçïý
([SRVXUHýWRý(QYLURQPHQWDOý7REDFFRý6PRNHýLQý6L[WHHQý&LWLHVýLQýWKHý8QLWHGý6WDWHVýDVý'HWHUPLQHG
E\ý3HUVRQDOý%UHDWKLQJý=RQHý$LUý6DPSOLQJïýý-ïý([SRVïý$QDOïý(QYLURQïý(SLGHPïýýçãéæêðèíëï

-RKQVRQñý7ï5ïñý/ïý:LMQEHUJñý-ïý&DSHOýDQGý9RVWDOïýýìääëDïýý7KHý8VHýRIý$FWLYLW\ý'LDU\ý'DWDýWR
(VWLPDWHýWKHý3UREDELOLW\ýRIý([SRVXUHýWRý$LUý3ROOXWLRQïýý,Qãýý5ï/ïý%XUJOXQGñýHGïýý7URSRVSKHULF
2]RQHýDQGýWKHý(QYLURQPHQWý,,ïýý3LWWVEXUJKñý3$ãýý$LUýDQGý:DVWHý0DQDJHPHQWý$VVRFLDWLRQñýSSï
æìêðæëéï

-RKQVRQñý7ïñý-ïý&DSHOñý5ïý3DXOýDQGý/ïý:LMQEHUJïýýìääëEïýý(VWLPDWLRQýRIý&DUERQý0RQR[LGH
([SRVXUHVýDQGý$VVRFLDWHGý&DUER[\KHPRJORELQý/HYHOVýLQý'HQYHUý5HVLGHQWVý8VLQJýDý3UREDELOLVWLF
9HUVLRQýRIý1(0ïýý&RQWUDFWý1Rïýçåð'2ðííçëïýý3UHSDUHGýE\ý,QWHUQDWLRQDOý7HFKQRORJ\ý&RUSRUDWLRQ
IRUý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ñý2IILFHýRIý$LUý4XDOLW\ý3ODQQLQJýDQGý6WDQGDUGVïýý-XO\ï

-RKQVRQñý7ïñý0ïý0F&R\ýDQGý-ïý&DSHOïýýìääêDïýý(QKDQFHPHQWVýWRýWKHý+D]DUGRXVý$LUý3ROOXWDQW
([SRVXUHý0RGHOýõ+$3(0ôýDVý$SSOLHGýWRý0RELOHý6RXUFHý3ROOXWDQWVïýý&RQWUDFWý1Rïýçåð'2ðííçëïý
3UHSDUHGýE\ý,QWHUQDWLRQDOý7HFKQRORJ\ý&RUSRUDWLRQýIRUý8ïý6ý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ñ
2IILFHýRIý$LUý4XDOLW\ý3ODQQLQJýDQGý6WDQGDUGVïýý6HSWHPEHUï
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-RKQVRQñý7ïñý0ïý0F&R\ñý-ïý&DSHOñý0ïý$OEHUWVýDQGý%ïý0RUULVRQïýýìääêEïýý(VWLPDWLRQýRI
,QFUHPHQWDOý%HQ]HQHý([SRVXUHVýDQGý$VVRFLDWHGý&DQFHUý5LVNVý$WWULEXWDEOHýWRýDý3HWUROHXP
5HILQHU\ý:DVWHý6WUHDPý8VLQJýWKHý+D]DUGRXVý$LUý3ROOXWDQWý([SRVXUHý0RGHOýõ+$3(0ôïýý3DSHU
SUHVHQWHGýDWýWKHýåçWKý$QQXDOý0HHWLQJýRIýWKHý$LUýDQGý:DVWHý0DQDJHPHQWý$VVRFLDWLRQñý3DSHU
ú$ìêåäñý'HQYHUñý&RORUDGRï

-RKQVRQñý7ï5ïýýìääèïýý5HFHQWý$GYDQFHVýLQýWKHý(VWLPDWLRQýRIý3RSXODWLRQý([SRVXUHýWRý0RELOH
6RXUFHý3ROOXWDQWVïýý-ïý([SRVïý$QDOïý(QYLURQïý(SLGHPïýýèãèèìðèæìï

-RKQVRQñý7ïñý-ïý:DUQDVFKñý0ïý0F&R\ñý-ïý&DSHOýDQGý0ïý5LOH\ïýýìääçDïýý'HYHORSPHQWDOý5HVHDUFK
IRUýWKHý+D]DUGRXVý$LUý3ROOXWDQWý([SRVXUHý0RGHOýõ+$3(0ôýDVý$SSOLHGýWRý0RELOHý6RXUFH
3ROOXWDQWVïýý&RQWUDFWý1Rïýçêð'ðêííäéïýý3UHSDUHGýE\ý,QWHUQDWLRQDOý7HFKQRORJ\ý&RUSRUDWLRQýIRU
8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ñý2IILFHýRIý$LUý4XDOLW\ý3ODQQLQJýDQGý6WDQGDUGVïýý)HEUXDU\ï

-RKQVRQñý7ïñý-ïý&DSHOýDQGý0ïý0F&R\ïýýìääçEïýý(VWLPDWLRQýRIý2]RQHý([SRVXUHVý([SHULHQFHGýE\
8UEDQý5HVLGHQWVý8VLQJýDý3UREDELOLVWLFý9HUVLRQýRIý1(0ýDQGýìääíý3RSXODWLRQý'DWDïýý&RQWUDFWý1Rï
çåð'2ðííçëïýý3UHSDUHGýE\ý,QWHUQDWLRQDOý7HFKQRORJ\ý&RUSRUDWLRQýIRUý8ï6ïý(QYLURQPHQWDO
3URWHFWLRQý$JHQF\ñý2IILFHýRIý$LUý4XDOLW\ý3ODQQLQJýDQGý6WDQGDUGVïýý$SULOïý

-RKQVRQñý7ïñý-ïý&DSHOñý0ïý0F&R\ýDQGý-ïý0R]LHUïýýìääçFïýý(VWLPDWLRQýRIý2]RQHý([SRVXUHV
([SHULHQFHGýE\ý2XWGRRUý:RUNHUVýLQý1LQHý8UEDQý$UHDVý8VLQJýDý3UREDELOLVWLFý9HUVLRQýRIý1(0ïý
&RQWUDFWý1Rïýçêð'ðêííäéïýý3UHSDUHGýE\ý,QWHUQDWLRQDOý7HFKQRORJ\ý&RUSRUDWLRQýIRUý8ï6ï
(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ñý2IILFHýRIý$LUý4XDOLW\ý3ODQQLQJýDQGý6WDQGDUGVïýý$SULOï

-RKQVRQñý7ïñý0ïý:HDYHUýDQGý-ïý0R]LHUïýýìääåïýý9DULDWLRQýRIý5HVLGHQWLDOý$LUý([FKDQJHý5DWHV
XQGHUý6FULSWHGý9HQWLODWLRQý&RQGLWLRQVïýý3DSHUýSUHVHQWHGýDWýWKHý,QWHUQDWLRQDOý6\PSRVLXPýRQýWKH
0HDVXUHPHQWVýRIý7R[LFýDQGý5HODWHGý3ROOXWDQWVñý$LUýDQGý:DVWHý0DQDJHPHQWý$VVRFLDWLRQñý&DU\ñ
1&ñý6HSWHPEHUýì¤êñýìääåï

-RKQVRQñý7ïñý*ïý0LKODQñý-ïý/D3RLQWHñý.ïý)OHWFKHUýDQGý-ïý&DSHOïýýìäääïýý(VWLPDWLRQýRIý&DUERQ
0RQR[LGHý([SRVXUHVýDQGý$VVRFLDWHGý&DUER[\KHPRJORELQý/HYHOVýLQý'HQYHUý5HVLGHQWVý8VLQJ
S1(0î&2ýõ9HUVLRQýëïíýôïýý&RQWUDFWý1Rïýçåð'çðííçéïýý3UHSDUHGýE\ý75-ý(QYLURQPHQWDOñý,QFïýIRU
8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ñý2IILFHýRIý$LUý4XDOLW\ý3ODQQLQJýDQGý6WDQGDUGVïýý0DUFKï

-RKQVWRQñý3ï.ïñý&ï$ïý&LQDOOLñý-ï5ïý*LUPDQñýDQGý3ï:ïý.HQQHG\ïýýìääçïýý3ULRULW\ý5DQNLQJýDQG
&KDUDFWHUL]DWLRQýRIý,QGRRUý$LUý6RXUFHVïýý,Qý&KDUDFWHUL]LQJý6RXUFHVýRIý,QGRRUý$LUý3ROOXWLRQýDQG
5HODWHGý6LQNý(IIHFWVïýý%ïý$ïý7LFKHQRUñý(Gïýý$670ý673ýìëåæïý$PHULFDQý6RFLHW\ýIRUý7HVWLQJýDQG
0DWHULDOVïýýêäëðéííï

-RQHVý.ï&ïñý7ïý.HDWLQJñý3ïý'LDJHýDQGý$ï&ïý&KDQJïýýìääìïýý7UDQVSRUWýDQGý)RRGý&KDLQý0RGHOLQJ
DQGýLWVý5ROHýLQý$VVHVVLQJý+XPDQý([SRVXUHVýWRý2UJDQLFý&KHPLFDOVïýý-ïý(QYLURQïý4XDOïýýëíãêìæð
êëäï

.DWFKñý9ïý/ïýDQGý0ïý:ïý3DUNïýýìäæèïýý0LQXWHðE\ð0LQXWHý2[\JHQý5HTXLUHPHQWýDQGý:RUN
(IILFLHQF\ýIRUý&RQVWDQWðORDGý([HUFLVHýRIý,QFUHDVLQJý'XUDWLRQïýý5HVïý4ïýýéçãêåðéæï



&+$37(5ýæ
5()(5(1&(6

129(0%(5ýìäää æðè 75,0ï(;32ý76'ýõ'5$)7ô

.OHSHLVñý1ïñý3ïý6ZLW]HUñýHWýDOïýýìääéïýý$ý7RWDOý+XPDQý([SRVXUHý0RGHOýõ7+(0ôýIRUý5HVSLUDEOH
6XVSHQGHGý3DUWLFOHVïýý$LUýDQGý:DVWHý0DQDJHPHQWý$VVRFLDWLRQý0HHWLQJï

/DJXVý$SSOLHGý7HFKQRORJ\ïýýìääèïýý$LUý([FKDQJHý5DWHVýLQý1RQðUHVLGHQWLDOý%XLOGLQJVýLQ
&DOLIRUQLDïýý'RFXPHQWý1Rïý3éííðäìðíêéïýý3UHSDUHGýIRUýWKHý&DOLIRUQLDý(QHUJ\ý&RPPLVVLRQïý

/DZñý3ï/ïñý3ï-ïý/LR\ñý0ï3ïý=HOHQNDñý$ï+ïý+XEHUýDQGý7ï5ïý0F&XUG\ïýýìääæïýý(YDOXDWLRQýRIýD
3UREDELOLVWLFý([SRVXUHý0RGHOýDSSOLHGýWRý&DUERQý0RQR[LGHýõS1(0î&2ôýXVLQJý'HQYHUý3HUVRQDO
([SRVXUHý0RQLWRULQJý'DWDïýý-ïý$LUý÷ý:DVWHý0DQDJHïý$VVRFïýýéæãéäìðèííï

/DZU\Nñý1ïñý3ï-ïý/LR\ñýDQGý&ï3ïý:HLVHOïýýìääèïýý([SRVXUHýWRý9RODWLOHý2UJDQLFý&RPSRXQGVýLQýWKH
3DVVHQJHUý&RPSDUWPHQWýRIý$XWRPRELOHVýGXULQJý3HULRGVýRIý1RUPDOýDQGý0DOIXQFWLRQLQJ
2SHUDWLRQïýý-ïý([SRVïý$QDOïý(QYLURQïý(SLGHPïýýèãèììðèêìï

/D\WRQñý'ï:ïñý/ï5ïý$QVSDXJKñý.ï7ïý%RJHQýDQGý7ïý6WUDXPHïýýìääëïýý5LVNý$VVHVVPHQWýRIý6RLOð
EDVHGý([SRVXUHVýWRý3OXWRQLXPýDWý6DIHW\ð6KRWý6LWHVý/RFDWHGýRQýWKHý1HYDGDý7HVWý6LWHýDQG
$GMRLQLQJý$UHDVïýý8&5/ð,'ðììëçíè'5ïýý/LYHUPRUHñý&$ãýý/DZUHQFHý/LYHUPRUHý1DWLRQDO
/DERUDWRU\ï

/LR\ñý3ï-ïýDQGý-ï0ïý'DLVH\ïýýìääíïýý7R[LFý$LUý3ROOXWLRQïýý&KHOVHDñý0,ãýý/HZLVý3XEOLVKHUVï

/LR\ñý3ï-ïñý/ïý:DOODFHýDQGý(ïý3HOOL]]DULïýýìääìïýý,QGRRUî2XWGRRUñýDQGý3HUVRQDOý0RQLWRUýDQGý%UHDWK
$QDO\VLVý5HODWLRQVKLSVýIRUý6HOHFWHGý9RODWLOHý2UJDQLFý&RPSRXQGVý0HDVXUHGýDWý7KUHHý+RPHV
'XULQJý1HZý-HUVH\ý7($0ý¤ýìäåæïýý-ïý([SRVïý$QDOïý(QYLURQïý(SLGHPïýýìãéèðçìï

/XUPDQQñý)ï:ïñý$ï0ïý:LQHUýDQGý6ï'ï&RORPHïýýìääíïýý'HYHORSPHQWýDQGý$SSOLFDWLRQýRIýDý1HZ
5HJLRQDOý+XPDQý([SRVXUHýõ5(+(;ôý0RGHOïýý,Qãýý7RWDOý([SRVXUHý$VVHVVPHQWý0HWKRGRORJ\ïý
3LWWVEXUJKñý3$ãýý$LUýDQGý:DVWHý0DQDJHPHQWý$VVRFLDWLRQñýSSïýéæåðéäåï

/XUPDQQñý)ï:ïñý6ï'ïý&RORPHýDQGý+ïý+RJRïýýìääëïýý0RGHOLQJý&XUUHQWýDQGý)XWXUHý+XPDQ
([SRVXUHýWRý2]RQHýLQý6RXWKHUQý&DOLIRUQLDïýý,Qãýý5ï/ïý%XUJOXQGñýHGïýý7URSRVSKHULFý2]RQHýDQGýWKH
(QYLURQPHQWý,,ïýý3LWWVEXUJKñý3$ãýý$LUýDQGý:DVWHý0DQDJHPHQWý$VVRFLDWLRQñýSSïýæëèðæééï

/XUPDQQñý)ïýDQGý(ïý.RUFïýìääéïý&KDUDFWHUL]DWLRQýRIý+XPDQý([SRVXUHýWRý2]RQHýDQGý30ðìíýLQýWKH
6DQý)UDQFLVFRý%D\ý$UHDñý5HSRUWý1Rïý67,ðäêìèíìéìçð)5ïý6RQRPDý7HFKQRORJ\ñý,QFïý6DQý5DIDHOñ
&$ï

0DF,QWRVKñý'ï/ïñý-ïý;XHñý+ïý2]ND\QDNñý-ï'ïý6SHQJOHUýDQGý3ï%ïý5\DQïýýìääèïýý$ý3RSXODWLRQðEDVHG
([SRVXUHý0RGHOýIRUý%HQ]HQHïýý-ïý([SRVïý$QDOïý(QYLURQïý(SLGHPïýýèãêæèðéíêï

0F&XUG\ñý7ïýDQGý7ïý-RKQVRQïýýìäåäïýý'HYHORSPHQWýRIýDý+XPDQý([SRVXUHý0RGHOýIRUý2]RQHï
3DSHUýSUHVHQWHGýDWýWKHý7RWDOý([SRVXUHý$VVHVVPHQWý0HWKRGRORJ\¤$ý1HZý+RUL]RQñý(3$î$:0$
6SHFLDOW\ý&RQIHUHQFHñý/DVý9HJDVñý19ï
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0F&XUG\ñý7ï5ïýýìääéïýý+XPDQý([SRVXUHýWRý$PELHQWý2]RQHïýý,Qãýý'ï-ïý0F.HHñýHGïýý7URSRVSKHULF
2]RQHãý+XPDQý+HDOWKýDQGý$JULFXOWXUDOý,PSDFWVïýý$QQý$UERUñý0,ãýý/HZLVý3XEOLVKHUVñýSSïýåèðìëæï

0F&XUG\ñý7ïýýìääèïýý(VWLPDWLQJý+XPDQý([SRVXUHýWRý6HOHFWHGý0RWRUý9HKLFOHý3ROOXWDQWVý8VLQJ
WKHý1(0ý6HULHVýRIý0RGHOVãýý/HVVRQVýWRýEHý/HDUQHGïýý-ïý([SRVïý$QDOïý(QYLURQïý(SLGHPïèãèêêðèèíï

0F&XUG\ñý7ïýýìääæïýý0RGHOLQJýWKHý'RVHý3URILOHýLQý+XPDQý([SRVXUHý$VVHVVPHQWVãýý2]RQHýDVýDQ
([DPSOHïýý5HYLHZVýLQý7R[LFRORJ\ïýýìãêðëêï

0F&XUG\ñý7ïýýìäääïýý&RQFHSWXDOý%DVLVýIRUý0XOWLðURXWHý,QWDNHý'RVHý0RGHOLQJý8VLQJýDQý(QHUJ\
([SHQGLWXUHý$SSURDFKïýý-RXUQDOýRIý([SRVXUHý$QDO\VLVýDQGý(QYLURQPHQWDOý(SLGHPLRORJ\
DFFHSWHGýIRUýSXEOLFDWLRQï

0F.RQHñý7ï(ïýDQGý3ï%ïý5\DQïýýìäåäïýý+XPDQý([SRVXUHVýWRý&KHPLFDOVý7KURXJKý)RRGý&KDLQVãý
$QýXQFHUWDLQW\ýDQDO\VLVïýý(QYLURQïý6FLïý7HFKQROïýýëêãììèéðììçêï

0F.RQHñý7ï(ïýDQGý-ï,ïý'DQLHOVïýýìääìïýý(VWLPDWLQJý+XPDQý([SRVXUHý7KURXJKý0XOWLSOHý3DWKZD\V
IURPý$LUñý:DWHUñýDQGý6RLOïýý5HJXOïý7R[LFROïý3KDUPDFROïýýìêãêç¤çìï

0F.RQHñý7ï(ïýýìääêDïýýý&DO72;ñýDý0XOWLPHGLDý7RWDOð([SRVXUHý0RGHOýIRUý+D]DUGRXVZDVWHV
6LWHVý3DUWý,ãý([HFXWLYHý6XPPDU\ïýý8&5/ð&5ðììéèçñý3Wïý,ïýý/LYHUPRUHñý&$ãýý/DZUHQFH
/LYHUPRUHý1DWLRQDOý/DERUDWRU\ï

0F.RQHñý7ï(ïýýìääêEïýý&DO72;ñýDý0XOWLPHGLDý7RWDOð([SRVXUHý0RGHOýIRUý+D]DUGRXVý:DVWHV
6LWHVý3DUWý,,ãýWKHý'\QDPLFý0XOWLPHGLDý7UDQVSRUWýDQGý7UDQVIRUPDWLRQý0RGHOïý
8&5/ð&5ðìììéèçñý3Wïý,,ïýý/LYHUPRUHñý&$ãýý/DZUHQFHý/LYHUPRUHý1DWLRQDOý/DERUDWRU\ñ

0F.RQHñý7ï(ïýýìääêFïýý&DO72;ñýDý0XOWLPHGLDý7RWDOð([SRVXUHý0RGHOýIRUý+D]DUGRXVý:DVWHV
6LWHVý3DUWý,,,ãý7KHý0XOWLSOHð3DWKZD\ý([SRVXUHý0RGHOïýý8&5/ð&5ðìììéèçñý3Wïý,,,ïýý/LYHUPRUHñ
&$ãýý/DZUHQFHý/LYHUPRUHý1DWLRQDOý/DERUDWRU\ï

0HUFLHUñý-ïñý$ïý9DUUD\ñý0ïý5DPRQDW[Rñý%ïý0HUFLHUýDQGý&ïý3UpIDXWïýýìääìïýý,QIOXHQFHýRI
$QWKURSRPRUSKLFý&KDUDFWHULVWLFVýRQý&KDQJHVýLQý0D[LPDOý([HUFLVHý9HQWLODWLRQýDQGý%UHDWKLQJ
3DWWHUQý'XULQJý*URZWKýLQý%R\Vïýý(XUïý-ïý$SSOïý3K\VLROïýýçêãëêèðëéìï

0HUPLHUñý-ïñý-ï0ïý6DPHWñý:ï(ïý/DPEHUWýDQGý7ï:ïý&KLFNïýýìääêïýý(YDOXDWLRQýRIýWKHý5HODWLRQVKLS
%HWZHHQý+HDUWý5DWHýDQGý9HQWLODWLRQýIRUý(SLGHPLRORJLFý6WXGLHVïýý$UFKïý(QYLURQïý+HDOWKïýýéåãëçêð
ëçäï

0LOOHUñý6ï/ïñý6ïý%UDQRIIýDQGý:ï:ïý1D]DURIIïýýìääåïýý([SRVXUHýWRý7R[LFý$LUý&RQWDPLQDQWVýLQ
(QYLURQPHQWDOý7REDFFRý6PRNHãýDQý$VVHVVPHQWýIRUý&DOLIRUQLDý%DVHGýRQý3HUVRQDOý0RQLWRULQJ
'DWDïýý-ïý([SRVïý$QDOïý(QYLURQïý(SLGHPïýýåãëåæðêììï

0RUJDQñý*ïý0ïýDQGý0ïý+HQULRQïýýìääíïý8QFHUWDLQW\ãý$ý*XLGHýWRý'HDOLQJýZLWKý8QFHUWDLQW\ýRQ
4XDQWLWDWLYHý5LVNýDQGý3ROLF\ý$QDO\VLVïý&DPEULGJHñý&DPEULGJHý8QLYHUVLW\ý3UHVVï
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0XUUD\ñý'ïý0ïýDQGý'ïý(ïý%XUPDVWHUïýýìääèïýý5HVLGHQWLDOý$LUý([FKDQJHý5DWHVýLQýWKHý8QLWHGý6WDWHVã
(PSLULFDOýDQGý(VWLPDWHGý3DUDPHWULFý'LVWULEXWLRQVýE\ý6HDVRQýDQGý&OLPDWLFý5HJLRQïýý5LVN
$QDO\VLVïýýìèãéèäðéçèïýý

1DJGDñý1ï/ïñý+ï(ïý5HFWRUýDQGý0ï'ïý.RRQW]ïýýìäåæïýý*XLGHOLQHVýIRUý0RQLWRULQJý,QGRRUý$LU
4XDOLW\ïýý:DVKLQJWRQñý'ï&ïãýý+HPLVSKHUHý3XEOLVKLQJý&RUSRUDWLRQï

1D]DURIIñý:ï:ïýDQGý*ï5ïý&DVVïýýìäåçïýý0DWKHPDWLFDOý0RGHOLQJýRIý&KHPLFDOO\ý5HDFWLYH
3ROOXWDQWVýLQý,QGRRUý$LUïýý(QYLURQïý6FLïý7HFKQROïýýëíãäëéðäêéï

1D]DURIIñý:ï:ïýDQGý*ï5ïý&DVVïýýìäåäïýý0DWKHPDWLFDOý0RGHOLQJýRIý,QGRRUý$HURVROý'\QDPLFVï
(QYLURQïý6FLïý7HFKQROïýýëêãìèæðìççï

1DWLRQDOý5HVHDUFKý&RXQFLOýõ15&ôïýýìääìïýý+XPDQý([SRVXUHý$VVHVVPHQWýIRUý$LUERUQHý3ROOXWDQWVã
$GYDQFHVýDQGý2SSRUWXQLWLHVïýý:DVKLQJWRQñý'ï&ïãýý1DWLRQDOý$FDGHP\ý3UHVVï

15&î1DWLRQDOý$FDGHP\ýRIý6FLHQFHVýõ1$6ôïýýìääéïýý6FLHQFHýDQGý-XGJPHQWýLQý5LVNý$VVHVVPHQWïý
:DVKLQJWRQñý'ï&ïãýý1DWLRQDOý$FDGHP\ý3UHVVï

2WWñý:ïýýìäåëïýý&RQFHSWVýRIý+XPDQý([SRVXUHýWRý$LUý3ROOXWLRQïýý(QYLURQïý,QWïýýæãìæäðìåçï

2WWñý:ïýýìäåéïýý([SRVXUHý(VWLPDWHVý%DVHGýRQý&RPSXWHUý*HQHUDWHGý$FWLYLW\ý3DWWHUQVïýý-ïý&OLQï
7R[LFROïýýëìãäæðìëåï

2WWñý:ï5ïñý'ïý0DJHýDQGý/ïý:DOODFHïýýìäååïýý9DOLGDWLRQýRIýWKHý6LPXODWLRQýRIý+XPDQý$FWLYLW\ýDQG
3ROOXWDQWý([SRVXUHýõ6+$3(ôý0RGHOýXVLQJý3DLUHGý'D\VýIURPýWKHý'HQYHUñý&RORUDGRñý&DUERQ
0RQR[LGHý)LHOGý6WXG\ïýý$WPRVïý(QYLURQïýýëëãëìíìðëììêï

2WWñý:ïñý/ïý/DQJDQñýHWýDOïýýìääëïýý$ý7LPHý6HULHVý0RGHOýIRUý&LJDUHWWHý6PRNLQJý$FWLYLW\ý3DWWHUQVã
0RGHOý9DOLGDWLRQýIRUý&DUERQý0RQR[LGHýDQGý5HVSLUDEOHý3DUWLFOHVýLQýDý&KDPEHUýDQGýDQ
$XWRPRELOHïýý-RXUQDOýRIý([SRVXUHý$QDO\VLVýDQGý(QYLURQPHQWDOý(SLGHPLRORJ\ïýýëõ6XSSOïýëôã
ìæèðëííï

2WWý:ýâý6ZLW]HUý3ýâý:LOOLWVý1ïýýìääéïýý&DUERQýýPRQR[LGHýýH[SRVXUHVýýLQVLGHýýDQýýDXWRPRELOH
WUDYHOLQJýRQýDQýXUEDQýDUWHULDOýKLJKZD\ïýý-ïý$LUý÷ý:DVWHý0DQDJHïý$VVRFïýýééõåôãìíìíðå

g]ND\QDNñý+ïñý3ï%ïý5\DQñý*ï$ïý$OOHQýDQGý:ï$ïý7XUQHUïýýìäåëïýý,QGRRUý$LUý4XDOLW\ý0RGHOLQJãý
&RPSDUWPHQWDOý$SSURDFKýZLWKý5HDFWLYHý&KHPLVWU\ïýý(QYLURQïý,QWïýýåãéçìðéæìï

g]ND\QDNñý+ïñý-ïý;XHñý-ïý6SHQJOHUñý/ïý:DOODFHñý(ïý3HOOL]]DULýDQGý3ïý-HQNLQVïýýìääçïýý3HUVRQDO
([SRVXUHýWRý$LUERUQHý3DUWLFOHVýDQGý0HWDOVãýýý5HVXOWVýIURPýWKHý3DUWLFOHý7($0ý6WXG\ýLQý5LYHUVLGHñ
&DOLIRUQLDïýý-ïý([SRVïý$QDOïý(QYLURQïý(SLGHPïýýçãèæðæåï

g]ND\QDNñý+ïýýìäääïýý3HUVRQDOýFRPPXQLFDWLRQýõHOHFWURQLFýPDLOýFRUUHVSRQGHQFHôï
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g]ND\QDNý+ïñý=XIDOOñý0ïñý%XUNHñý-ïñý;XHñý-ïñý=LGHNñý-ïýýìäääDïýý3UHGLFWLQJý3RSXODWLRQý([SRVXUHVýWR
30ìíýDQGý30ëïèïýý3UHVHQWHGýDWý30ý&ROORTXLXPñý'XUKDPñý1&ïýý-XQHñýìäääïýý

g]ND\QDNý+ïñý=XIDOOñý0ïñý%XUNHñý-ïñý;XHñý-ïñý=LGHNñý-ïýýìäääEïýý$ý3UREDELOLVWLFý3RSXODWLRQ
([SRVXUHý0RGHOýIRUý30ìíýDQGý30ëïèïýý3UHVHQWHGýDWýäWKý&RQIHUHQFHýRIýWKHý,QWHUQDWLRQDOý6RFLHW\
RIý([SRVXUHý$QDO\VLVñý$WKHQVñý*UHHFHïýý6HSWHPEHUýèðåñýìäääïý

3DOPDñý7ïñý0ïý5LOH\ýDQGý-ï(ïý&DSHOïýýìääçïýý'HYHORSPHQWýDQGý(YDOXDWLRQýRIý(QKDQFHPHQWVýWRýWKH
+D]DUGRXVý$LUý3ROOXWDQWý([SRVXUHý0RGHOýõ+$3(0ð06êôïýý&RQWUDFWý1Rïýçêð'2ðêííäéïý
3UHSDUHGýE\ý,QWHUQDWLRQDOý7HFKQRORJ\ý&RUSRUDWLRQýIRUý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ñ
2IILFHýRIý$LUý4XDOLW\ý3ODQQLQJýDQGý6WDQGDUGVïýý6HSWHPEHUï

3DQJXOXULñý6ïñý7ïý-RKQVRQýDQGý-ïý&DSHOïýýìääåïýý'HYHORSPHQWýRIýS+$3ð3&ý0RGHOãýý$ý6XPPDU\
5HSRUWïýý&RQWUDFWý1Rïýçêð'ðêííäéïýý3UHSDUHGýE\ý,QWHUQDWLRQDOý7HFKQRORJ\ý&RUSRUDWLRQýIRUý8ï6ï
(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ñý2IILFHýRIý$LUý4XDOLW\ý3ODQQLQJýDQGý6WDQGDUGVñý-XQHýìääåï

3KLOOLSVñý.ïñý0ï&ïý%HQWOH\ñý'ï$ïý+RZDUGýDQGý*ïý$OYiQïýýìääåïýý$VVHVVPHQWýRIý(QYLURQPHQWDO
7REDFFRý6PRNHýDQGý5HVSLUDEOHý6XVSHQGHGý3DUWLFOHý([SRVXUHVýIRUý1RQVPRNHUVýLQý.XDODý/XPSXU
8VLQJý3HUVRQDOý0RQLWRULQJïýý-ïý([SRVïý$QDOïý(QYLURQïý(SLGHPïýýåãèìäðèéëï

4XDFNHQERVVñý-ï-ïñý0ïý.U]\]DQRZVNLýDQGý0ï'ïý/HERZLW]ïýýìääìïýý([SRVXUHý$VVHVVPHQW
$SSURDFKHVýWRý(YDOXDWHý5HVSLUDWRU\ý+HDOWKý(IIHFWVýRIý3DUWLFXODWHý0DWWHUýDQGý1LWURJHQý'LR[LGHïý
-ïý([SRVïý$QDOïý(QYLURQïý(SLGHPïýýìãåêðìíæï

5DXQHPDDñý7ïñý0ïý.XOPDODñý+ïý6DDULñý0ïý2OLQýDQGý0ï+ïý.XOPDODïýýìäåäïýý,QGRRUý$LUý$HURVRO
0RGHOý¤ý7UDQVSRUWý,QGRRUVýDQGý'HSRVLWLRQýRIý)LQHýDQGý&RDUVHý3DUWLFOHVïýý$HURVROý6FLïý7HFKQROïý
ììãììðëèï

5,90ñý9520ñý:9&ïýýìääéïýý8QLIRUPý6\VWHPýIRUýWKHý(YDOXDWLRQýRIý6XEVWDQFHVýõ86(6ôñ
9HUVLRQýìïíïýý9520ý'LVWULEXWLRQý1Rïýìììééîìèíïýý1DWLRQDOý,QVWLWXWHýRIý3XEOLFý+HDOWKýDQG
(QYLURQPHQWDOý3URWHFWLRQýõ5,90ôý0LQLVWU\ýRIý+RXVLQJñý6SDWLDOý3ODQQLQJýDQGý(QYLURQPHQW
õ9520ôýñý0LQLVWU\ýRIý:HOIDUHñý+HDOWKñýDQGý&XOWXUDOý$IIDLUVýõ:9&ôñý7KHý+DJXHñý7KH
1HWKHUODQGVï

5RGGLQñý(OOLVñýDQGý6LGGLTHHïýýìäæäïýý%DFNJURXQGý'DWDýIRUý+XPDQý$FWLYLW\ý3DWWHUQVñý9ROVïý,ýDQG
,,ï§ýý65,ý,QWHUQDWLRQDO

5RVHQEDXPñý$ï6ïñý*ï(ïý$QGHUVRQýDQGý*ï:ïý/XQGEHUJïýýìääéïýý8VHU©Vý*XLGHýWRýWKHý6RXWKý&RDVW
5LVNýDQGý([SRVXUHý$VVHVVPHQWý0RGHOý¤ý9HUVLRQýëýõ6&5($0ð,,ôýIRUýWKHý3HUVRQDOý&RPSXWHUïý
6DQý5DIDHOñý&$ãýý6\VWHPVý$SSOLFDWLRQVý,QWHUQDWLRQDOï

5RZODQGñý7ï:ïñý-ï$ïý$XFKLQDFKLHñý7ï-ïý.HHQDQýDQGý*ï0ïý*UHHQïýýìäåæïýý3K\VLRORJLFý5HVSRQVHV
WRý7UHDGPLOOý5XQQLQJýLQý$GXOWýDQGý3UHSXEHUWDOý0DOHVïýý,QWHUïý-ïý6SRUWVý0HGïýýåãëäëðëäæïýýý

5\DQñý3ï%ïñý-ï'ïý6SHQJOHUñýDQGý5ïý/HW]ïýýìäåêïýý7KHý(IIHFWVýRIý.HURVHQHý+HDWHUVýRQý,QGRRU
3ROOXWDQWý&RQFHQWUDWLRQVãýýDý0RQLWRULQJýDQGý0RGHOLQJý6WXG\ïýý$WPRVïý(QYLURQïýýìæãìêêäï
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6$,ïýýìäääïýý6\VWHPVý$SSOLFDWLRQVý,QWHUQDWLRQDOïýý8VHU©Vý*XLGHãý$VVHVVPHQWý6\VWHPýIRU
3RSXODWLRQý([SRVXUHý1DWLRQZLGHýõ$63(1ñý9HUVLRQýìïìôý¤ý9ROXPHVý,ýDQGý,,ïýý6<6$33ðäåîëèUëï
5HVHDUFKý7ULDQJOHý3DUNñý1&ãýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ñý2IILFHýRIý$LUý4XDOLW\
3ODQQLQJýDQGý6WDQGDUGVï

6FKRILHOGñý:ï1ïýýìäåèïýý3UHGLFWLQJý%DVDOý0HWDEROLFý5DWHñý1HZý6WDQGDUGVñýDQGý5HYLHZýRI
3UHYLRXVý:RUNïýý+XPïý1XWUïý&OLQïý1XWUïýýêä&õ6XSSïìôãèðéìï

6HGPDQñý5ï0ïýDQGý5ï-ïý0DKPRRGïýýìääéïýý6RLOý,QJHVWLRQýE\ý&KLOGUHQýDQGý$GXOWVý5HFRQVLGHUHG
8VLQJýWKHý5HVXOWVýRIý5HFHQWý7UDFHUý6WXGLHVïýý-ïý$LUý÷ý:DVWHý0DQDJHïý$VVRFïýýééãéìðìééï

6HJDñý.ïýDQGý0ïý)XJDVïýýìääìïýý'LIIHUHQWý$SSURDFKHVýWRýWKHý$VVHVVPHQWýRIý+XPDQý([SRVXUHýWR
1LWURJHQý'LR[LGHïýý-ïý([SRVïý$QDOïý(QYLURQïý(SLGHPïýýìãëëæðëêéï

6WDQHNñý(ï-ïñý(ï-ïý&DODEUHVHñý.ïý0XQGWñý3ïý3HNRZýDQGý.ï%ïý<HDWWVïýýìääåïýý3UHYDOHQFHýRIý6RLO
0RXWKLQJîLQJHVWLRQýDPRQJý+HDOWK\ý&KLOGUHQý$JHGýìýWRýçïýý-ïýRIý6RLOý&RQWDPïýýæãëëæðëéëï

6WRFNñý7ï+ïñý'ï-ïý.RWFKPDQýDQGý&ï)ïý&RQWDQWïýýìäåèïýý7KHý(VWLPDWLRQýRIý3HUVRQDOý([SRVXUHVýWR
$LUý3ROOXWDQWVýIRUýDý&RPPXQLW\ðEDVHGý6WXG\ýRIý+HDOWKý(IIHFWVýLQý$VWKPDWLFVý¤ý'HVLJQýDQG
5HVXOWVýRIý$LUý0RQLWRULQJïýý-ïý$LUý3ROOXWïý&RQWUROý$VVRFïýýêèãìëççðìëæêï

6WUHQJHñý'ï/ïýDQGý3ï-ïý&KDPEHUODLQïýýìääèïýý0XOWLPHGLDý(QYLURQPHQWDOý3ROOXWDQWý$VVHVVPHQW
6\VWHPýõ0(3$6ôãýý([SRVXUHý3DWKZD\ýDQGý+XPDQý+HDOWKý,PSDFWý$VVHVVPHQWý0RGHOVïýý31/ð
ìíèëêïýý5LFKODQGñý:$ãýý3DFLILFý1RUWKZHVWý/DERUDWRU\ï

7KLERGHDX[ñý/ï-ïýýìäæäïýý&KHPRG\QDPLFVñý(QYLURQPHQWDOý0RYHPHQWýRIý&KHPLFDOVýLQý$LUñ
:DWHUñýDQGý6RLOïýý1HZý<RUNñý1<ãýý-RKQý:LOH\ýDQGý6RQVï

7KRPDVñý.ï:ïñý(ï'ïý3HOOL]]DULñý&ï$ïý&OD\WRQñý5ï/ïý3HUULWWñý5ï1ïý'LHW]ñý5ï:ïý*RRGULFKñý:ï&ï
1HOVRQýDQGý/ï$ïý:DOODFHïýýìääêïýý7HPSRUDOý9DULDELOLW\ýRIý%HQ]HQHý([SRVXUHVýIRUý5HVLGHQWVýLQ
6HYHUDOý1HZý-HUVH\ý+RPHVýZLWKý$WWDFKHGý*DUDJHVýRUý7REDFFRý6PRNHïýý-ïý([SRVïý$QDOïý(QYLURQï
(SLGHPïýýêãéäðæêï

7KRPSVRQñý.ï0ïýDQGý'ï(ïý%XUPDVWHUïýýìääìïýý3DUDPHWULFý'LVWULEXWLRQVýIRUý6RLOý,QJHVWLRQýE\
&KLOGUHQïýý5LVNý$QDO\VLVïýýììãêêäðêéëï

7UDYLVñý&ï&ïýDQGý6ï7ïý+HVWHUïýýìääìïýý*OREDOý&KHPLFDOý3ROOXWLRQïýý(QYLURQý6FLý7HFKQROïý
ëèãåìéðåìäï

7UDYLVñý&ï&ïýDQGý%ï3ïý%OD\ORFNïýýìääëïýý9DOLGDWLRQýRIýDý7HUUHVWULDOý)RRGý&KDLQý0RGHOïýý-ïý([SRVï
$QDOïý(QYLURQïý(SLGHPïýýëãëëìðëêäï

7XUNñý%ï+ïñý'ï7ïý*ULPVUXGñý-ï7ïý%URZQñý.ï/ïý*HLVOLQJð6RERWNHñý-ïý+DUULVRQñýDQGý5ï-ïý3ULOOïýýìäåäïý
&RPPHUFLDOý%XLOGLQJý9HQWLODWLRQý5DWHVýDQGý3DUWLFOHý&RQFHQWUDWLRQVïýý$6+5$(ý7UDQVDFWLRQVïý
äèõ3DUWýìôï
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8ï6ïý(3$ïýýìäåêïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýýý7KHý1$$46ý([SRVXUHý0RGHO
$SSOLHGýWRý&DUERQý0RQR[LGHïýý(3$ðéèíîèðåêðííéïýý5HVHDUFKý7ULDQJOHý3DUNñý1&ãýý2IILFHýRIý$LU
4XDOLW\ý3ODQQLQJýDQGý6WDQGDUGVï

8ï6ïý(3$ïýýìäåéïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýýý$ý6WXG\ýRIý3HUVRQDOý([SRVXUHýWR
&DUERQý0RQR[LGHýLQý'HQYHUñý&RORUDGRïýý(3$ðçííîèéðåéðíìéïýý5HVHDUFKý7ULDQJOHý3DUNñý1&ãý
2IILFHýRIý5HVHDUFKýDQGý'HYHORSPHQWï

8ï6ïý(3$ïýýìäåçïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý8VHUVý0DQXDOýIRUýWKHý+XPDQ
([SRVXUHý0RGHOýõ+(0ôïýý(3$ðèéíîèðåçðííìïýý5HVHDUFKý7ULDQJOHý3DUNñý1&ãý2IILFHýRIý$LU
4XDOLW\ý3ODQQLQJýDQGý6WDQGDUGVïýý-XQHï

8ï6ïý(3$ïýýìäåæïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý7KHý7RWDOý([SRVXUHý$VVHVVPHQW
0HWKRGRORJ\ýõ7($0ôý6WXG\ãý6XPPDU\ýDQGý$QDO\VLVýõ9ROXPHýìôïýý(3$ðçííîçðåæðííëDñý17,6
ú3%ýååðìíííçíïýý:DVKLQJWRQñý'ï&ïãýý2IILFHýRIý$FLGý'HSRVLWLRQïýý-XQHï

8ï6ïý(3$ïýýìääíDïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý%HQ]HQHý([SRVXUHý$VVHVVPHQW
0RGHOýõ%($0ôãýëQGý,QWHULPý5HSRUWïýý(3$îçííî;ðäíîíëæïýý/DVý9HJDVñý19ãýý(QYLURQPHQWDO
0RQLWRULQJý6\VWHPVý/DERUDWRU\ï

8ï6ïý(3$ïýýìääíEïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý0HWKRGRORJ\ýIRUý$VVHVVLQJý+HDOWK
5LVNVý$VVRFLDWHGýZLWKý,QGLUHFWý([SRVXUHýWRý&RPEXVWRUý(PLVVLRQVïýý,QWHULPý)LQDOïý
(3$îçííîçðäíîííêïýý:DVKLQJWRQý'&ñý2IILFHýRIý+HDOWKýDQGý(QYLURQPHQWDOý$VVHVVPHQWï

8ï6ïý(3$ïýýìääìïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý+(0ð,,ý8VHU©Vý*XLGHïýý(3$îéèíîêð
äìðííìíïýý5HVHDUFKý7ULDQJOHý3DUNñý1&ãýý2IILFHýRIý$LUý4XDOLW\ý3ODQQLQJýDQGý6WDQGDUGVï

8ï6ïý(3$ïýýìääëDïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý*XLGHOLQHVýIRUý([SRVXUH
$VVHVVPHQWãý1RWLFHïýý)HGïý5HJïýýèæõìíéôãëëåååðëëäêåïýý0D\ýëäï

8ï6ïý(3$ïýýìääëEïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý7R[LFý0RGHOLQJý6\VWHPý/RQJð7HUP
õ72;/7ôãýý8VHU©Vý*XLGHïýý(3$ðéèíîéðäëðííêïýý5HVHDUFKý7ULDQJOHý3DUNñý1&ãýý2IILFHýRIý$LU
4XDOLW\ý3ODQQLQJýDQGý6WDQGDUGVïýý1RYHPEHUï

8ï6ïý(3$ïýýìääëFïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý$ý7LHUHGý0RGHOLQJý$SSURDFKýIRU
$VVHVVLQJýWKHý5LVNVý'XHýWRý6RXUFHVýRIý+D]DUGRXVý$LUý3ROOXWDQWVïýýýý(3$ðéèíîéðäëðííìïý
5HVHDUFKý7ULDQJOHý3DUNñý1&ãýý2IILFHýRIý$LUý4XDOLW\ý3ODQQLQJýDQGý6WDQGDUGVï

8ï6ïý(3$ïýýìääëGïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý0XOWLPHGLDý&RQWDPLQDQWý)DWHñ
7UDQVSRUWñýDQGý([SRVXUHý0RGHOãýýý'RFXPHQWDWLRQýDQGý8VHU©Vý0DQXDOïýý:DVKLQJWRQñý'ï&ïãý
2IILFHýRIý+HDOWKýDQGý(QYLURQPHQWDOý$VVHVVPHQWýDQGý2IILFHýRIý(QYLURQPHQWDOý3URFHVVHVýDQG
(IIHFWVý5HVHDUFKï

8ï6ïý(3$ïýýìääêDïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý(VWLPDWLRQýRIýWKHý([SRVXUHýWR
%HQ]HQHýRIý6HOHFWHGý3RSXODWLRQVýLQýWKHý6WDWHýRIý7H[DVý8VLQJýWKHý%HQ]HQHý([SRVXUHý$VVHVVPHQW
0RGHOýõ%($0ôïýý/DVý9HJDVñý19ãýý(QYLURQPHQWDOý0RQLWRULQJý6\VWHPVý/DERUDWRU\ï
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8ï6ïý(3$ïýýìääêEïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý$GGHQGXPýWRý0HWKRGRORJ\ýIRU
$VVHVVLQJý+HDOWKý5LVNVý$VVRFLDWHGýZLWKý,QGLUHFWý([SRVXUHýWRý&RPEXVWRUý(PLVVLRQVïýý([WHUQDO
5HYLHZý'UDIWïýý(3$îçííî$3ðäêîííêïýý:DVKLQJWRQý'&ñý2IILFHýRIý+HDOWKýDQGý(QYLURQPHQWDO
$VVHVVPHQWï

8ï6ïý(3$ïýìääéDïý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý5HSRUWýRIýWKHý$JHQF\ý7DVNý)RUFHýRQ
HQYLURQPHQWDOýUHJXODWRU\ýPRGHOLQJïý*XLGDQFHñýVXSSRUWýQHHGVñýGUDIWýFULWHULDýDQGýFKDUWHUïýý(3$
èííð5ðäéðííìïý:DVKLQJWRQñý'&ãýý2IILFHýRIý6ROLGý:DVWHýDQGý(PHUJHQF\ý5HVSRQVHï

8ï6ïý(3$ïýýìääéEïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý7R[LFý0RGHOLQJý6\VWHPý6KRUWð7HUP
õ72;67ôñý8VHU©Vý*XLGHãý9ROXPHý,ïýý(3$ðéèêî5ðäéðíèå$ïýý5HVHDUFKý7ULDQJOHý3DUNñý1&ãýý2IILFH
RIý$LUý4XDOLW\ý3ODQQLQJýDQGý6WDQGDUGVïýý-XO\ï

8ï6ïý(3$ïýýìääçDïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý$QDO\VLVýRIýWKHý1DWLRQDOý+XPDQ
$FWLYLW\ý3DWWHUQý6XUYH\ýõ1+$36ôý5HVSRQGHQWVýIURPýDý6WDQGSRLQWýRIý([SRVXUHý$VVHVVPHQWï
(3$îçííî5ðäçîíæéïýý:DVKLQJWRQñý'ï&ïãýý2IILFHýRIý5HVHDUFKýDQGý'HYHORSPHQWïýý-XO\ï

8ï6ïý(3$ïýýìääçEïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý6XPPDU\ý5HSRUWýIRUýWKHý:RUNVKRS
RQý0RQWHý&DUORý$QDO\VLVïýý(3$îçêíî5ðäçîíìíïýý:DVKLQJWRQñý'ï&ïãýý2IILFHýRIý5HVHDUFKýDQG
'HYHORSPHQWïýý6HSWHPEHUï

8ï6ïý(3$ïýýìääçFïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý([SRVXUHý0RGHOVý/LEUDU\ýDQG
,QWHJUDWHGý0RGHOý(YDOXDWLRQý6\VWHPïýý5HYLVHGïýý(3$îçííî&ðäëîííëïýý:DVKLQJWRQñý'ï&ïãýý2IILFH
RIý5HVHDUFKýDQGý'HYHORSPHQWïýý0DUFKï

8ï6ïý(3$ïýýìääæDïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý0HUFXU\ý6WXG\ý5HSRUWýWRý&RQJUHVV
õ9ROXPHVý,ð9,,,ôïýý(3$ðéèëî5ðäæðííèïýý2IILFHýRIý$LUý4XDOLW\ý3ODQQLQJýDQGý6WDQGDUGVïý

8ï6ïý(3$ïýýìääæEïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý([SRVXUHý)DFWRUVý+DQGERRNâý9ROý,ã
*HQHUDOý)DFWRUVñý9ROïý,,ãý)RRGý,QJHVWLRQý)DFWRUVñý9ROïý,,,ãý$FWLYLW\ý)DFWRUVïýý(3$îçííî3ðäèîííë)D
õ9ROïý,ôñý(3$îçííî3ðäèîííë)Eýõ9ROïý,,ôñý(3$îçííî3ðäèîííë)Fýõ9ROïý,,,ôïýý:DVKLQJWRQñý'ï&ïãý
2IILFHýRIý5HVHDUFKýDQGý'HYHORSPHQWïýý$XJXVWï

8ï6ïý(3$ïýýìääæFïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý*XLGLQJý3ULQFLSOHVýIRUý0RQWHý&DUOR
$QDO\VLVïý(3$îçêíî5ðäæîííìïýý:DVKLQJWRQñý'ï&ïãýý2IILFHýRIý5HVHDUFKýDQGý'HYHORSPHQWïýý0DUFKï

8ï6ïý(3$ïýýìääæGïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý0HWKRGRORJ\ýIRUý$VVHVVLQJý+HDOWK
5LVNVý$VVRFLDWHGýZLWKý0XOWLSOHý([SRVXUHý3DWKZD\VýWRý&RPEXVWRUý(PLVVLRQVïýý8SGDWHýWR
(3$îçííîçðäíîííêïýý1DWLRQDOý&HQWHUýIRUý(QYLURQPHQWDOý$VVHVVPHQWïýý1&($ýíëêåïý&LQFLQQDWLñ
2+ï

8ï6ïý(3$ïýýìääåDïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý7KHý7RWDOý5LVNý,QWHJUDWHG
0HWKRGRORJ\ïýý,PSOHPHQWDWLRQýRIýWKHý75,0ý&RQFHSWXDOý'HVLJQýWKURXJKýWKHý75,0ï)D7(
0RGXOHïýý$ý6WDWXVý5HSRUWïýý(3$ðéèëî5ðäåðííìïýý5HVHDUFKý7ULDQJOHý3DUNñý1&ãýý2IILFHýRIý$LU
4XDOLW\ý3ODQQLQJýDQGý6WDQGDUGVïýý0DUFKï
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8ï6ïý(3$ïýýìääåEïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý$GYLVRU\ýRQýWKHý7RWDOý5LVN
,QWHJUDWHGý0HWKRGRORJ\ýõ75,0ôïýý(3$ð6$%ð(&ð$'9ðääðííêïýý6FLHQFHý$GYLVRU\ý%RDUGïý

8ï6ïý(3$ïýýìääåFïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý3HHUý5HYLHZý+DQGERRNïýý(3$îìííð
%ðäåðííìïýý-DQXDU\ïýý:DVKLQJWRQñý'&ãýý2IILFHýRIý6FLHQFHý3ROLF\ïý

8ï6ïý(3$ïýýìääåGïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý6WXG\ýRIý+D]DUGRXVý$LUý3ROOXWDQWV
IURPý(OHFWULFý8WLOLW\ý6WHDPý*HQHUDWLQJý8QLWVý¤ý)LQDOý5HSRUWýWRý&RQJUHVVïýý(3$ýéèêî5ðäåäðííéDïý
)HEUXDU\ïý

8ï6ïý(3$ïýìääåHïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý+XPDQý+HDOWKý5LVNý$VVHVVPHQW
3URWRFROýIRUý+D]DUGRXVý:DVWHý&RPEXVWLRQý)DFLOLWLHVïýý3HHUý5HYLHZý'UDIWïýý(3$èêíð'ðäåðííì$ïý
2IILFHýRIý6ROLGý:DVWHýDQGý8ï6ïý(3$ý5HJLRQýçñý0XOWLPHGLDý3ODQQLQJýDQGý3HUPLWWLQJý'LYLVLRQï

8ï6ïý(3$ïýýìääåIïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý(3$ý7KLUGðJHQHUDWLRQý$LUý4XDOLW\
0RGHOLQJý6\VWHPïýý(3$ðçííî5ðäåîíçäõEôïýý:DVKLQJWRQñý'ï&ïãýý2IILFHýRIý5HVHDUFKýDQG
'HYHORSPHQWïýý-XQHï

8ï6ïý(3$ïýýìääåJïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý7+(5GE$6(ñý9HUVLRQýìïëñý8VHU©V
0DQXDOïýý/DVý9HJDVñý19ãýý2IILFHýRIý5HVHDUFKýDQGý'HYHORSPHQWïýý$XJXVWï

8ï6ïý(3$ýìäääDïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý7RWDOý5LVNý,QWHJUDWHGý0HWKRGRORJ\
õ75,0ôïýý75,0ï)D7(ý7HFKQLFDOý6XSSRUWý'RFXPHQWïýý9ROXPHý,ãýý'HVFULSWLRQýRIý0RGXOHïýý(3$ð
éèêî'ðääðííë$ïýý5HVHDUFKý7ULDQJOHý3DUNñý1&ãý2IILFHýRIý$LUý4XDOLW\ý3ODQQLQJýDQGý6WDQGDUGVïý
1RYHPEHUï

8ï6ïý(3$ýìäääEïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý7RWDOý5LVNý,QWHJUDWHGý0HWKRGRORJ\
õ75,0ôïýý75,0ï)D7(ý7HFKQLFDOý6XSSRUWý'RFXPHQWïýý9ROXPHý,,ãýý'HVFULSWLRQýRIý&KHPLFDO
7UDQVSRUWýDQGý7UDQVIRUPDWLRQý$OJRULWKPVïýý(3$ðéèêî'ðääðííë%ïýý5HVHDUFKý7ULDQJOHý3DUNñý1&ã
2IILFHýRIý$LUý4XDOLW\ý3ODQQLQJýDQGý6WDQGDUGVïýý1RYHPEHUï

8ï6ïý(3$ýìäääFïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý7RWDOý5LVNý,QWHJUDWHGý0HWKRGRORJ\
õ75,0ôïý6WDWXVý5HSRUWïýý(3$ðéèêî5ðääðíìíïý5HVHDUFKý7ULDQJOHý3DUNñý1&ãý2IILFHýRIý$LUý4XDOLW\
3ODQQLQJýDQGý6WDQGDUGVïýý1RYHPEHUï

8ï6ïý(3$ïýýìäääGïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý6\VWHPVý,QVWDOODWLRQýDQGý2SHUDWLRQ
0DQXDOýIRUýWKHý(3$ý7KLUGð*HQHUDWLRQý$LUý4XDOLW\ý0RGHOLQJý6\VWHPýõ0RGHOVðêý9HUVLRQýêïíôïý
$WPRVSKHULFý0RGHOLQJý'LYLVLRQñý1DWLRQDOý([SRVXUHý5HVHDUFKý/DERUDWRU\ñý5HVHDUFKý7ULDQJOH
3DUNñý1&ýDQGý(3$ý6\VWHPVý'HYHORSPHQWý&HQWHUýõ$ýFRQWUDFWRUýRSHUDWHGýIDFLOLW\ôñý6FLHQFH
$SSOLFDWLRQVý,QWHUQDWLRQDOý&RUSRUDWLRQñý$UOLQJWRQñý9$ïýý-XQHï

8ï6ïý(3$ïýýìäääHïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý1DWLRQDOý$LUý7R[LFVý3URJUDPãý7KH
,QWHJUDWHGý8UEDQý6WUDWHJ\ïýý)HGHUDOý5HJLVWHUýçéãýêåæíèðêåæéíïýý-XO\ýìäï

8ï6ïý(3$ïýýìäääIïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý5HVLGXDOý5LVNý5HSRUWýWRý&RQJUHVVïý
(3$ýðýéèêî5ðääðííìïýý2IILFHýRIý$LUý4XDOLW\ý3ODQQLQJýDQGý6WDQGDUGVñý5HVHDUFKý7ULDQJOHý3DUNñ
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1&ïýý0DUFKï

8ï6ïý(3$ïýýìäääJïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý5HSRUWýRIýWKHý:RUNVKRSýRQ
6HOHFWLQJý,QSXWý'LVWULEXWLRQVýIRUý3UREDELOLVWLFý$VVHVVPHQWVïýý(3$îçêíî5ðäåîííéïýý:DVKLQJWRQñ
'ï&ïãýý2IILFHýRIý5HVHDUFKýDQGý'HYHORSPHQWïýý-DQXDU\ï

8ï6ïý(3$ïýýìäääKïýý0HWKRGRORJ\ýIRUý$VVHVVLQJý+HDOWKý5LVNVý$VVRFLDWHGýZLWKý0XOWLSOHý3DWKZD\V
RIý([SRVXUHýWRý&RPEXVWRUý(PLVVLRQVïýý1DWLRQDOý&HQWHUýIRUý(QYLURQPHQWDOý$VVHVVPHQWïýý2IILFHýRI
5HVHDUFKýDQGý'HYHORSPHQWïýý(3$ýçííî5ðäåîìêæïý

9DQý9HHQñý0ï3ïýýìääèïýý&216(;32ýðý$ýSURJUDPýWRýHVWLPDWHýFRQVXPHUýSURGXFWýH[SRVXUHýDQG
XSWDNHïýý5HSRUWý1Rïýçìëåìíïííëïýý%LOWKRYHQñý7KHý1HWKHUODQGVãýý5,90ï

:DGGHQñý5ïý$ïýDQGý3ïý$ïý6FKHIIïýýìäåêïýý,QGRRUý$LUý3ROOXWLRQý&KDUDFWHUL]DWLRQñý3UHGLFWLRQýDQG
&RQWUROïýý1HZý<RUNñý1<ãýý:LOH\ý,QWHUVFLHQFHï

:DOGPDQñý-ï0ïñý3ï-ïý/LR\ñý$ïý*UHHQEHUJýDQGý-ï3ïý%XWOHUïýýìääìïýý$QDO\VLVýRIý+XPDQý([SRVXUHýWR
%HQ]RõDôS\UHQHýYLDý,QKDODWLRQýDQGý)RRGý,QJHVWLRQýLQýWKHý7RWDOý+XPDQý(QYLURQPHQWDOý([SRVXUH
6WXG\ýõ7+((6ôïýý-ïý([SRVïý$QDOïý(QYLURQïý(SLGHPïýýìãìäêðëëèï

:DOODFHñý/ï$ïñý(ï'ïý3HOOL]]DULñý7ïý+DUWZHOOñý&ï0ïý6SDUDFLQRñý/ï6ïý6KHOGRQýDQGý+ï6ïý=HORQïýýìäåèïý
3HUVRQDOý([SRVXUHVñý,QGRRUîRXWGRRUý5HODWLRQVKLSVñýDQGý%UHDWKý/HYHOVýRIý7R[LFý3ROOXWDQWV
0HDVXUHGýIRUýêèèý3HUVRQVýLQý1HZý-HUVH\ïýý$WPRVïý(QYLURQïýýìäãìçèìðìççäï

:DOODFHñý/ïñý:ïý1HOVRQñý5ïý=LHJHQIXVñý(ïý3HOOL]]DULñý/ïý0LFKDHOñý5ïý:KLWPRUHñý+ïý=HORQñý7ï
+DUWZHOOñý5ïý3HUULWWýDQGý'ïý:HVWHUGDKOïýýìääìïýý7KHý/RVý$QJHOHVý7($0ý6WXG\ãýýý3HUVRQDO
([SRVXUHVñý,QGRRUðRXWGRRUý$LUý&RQFHQWUDWLRQVñýDQGý%UHDWKý&RQFHQWUDWLRQVýRIýëèý9RODWLOH
2UJDQLFý&RPSRXQGVïýý-ïý([SRVïý$QDOïý(QYLURQïý(SLGHPïýýìãìèæðìäëï

:KLFNHUñý)ï:ïýDQGý7ï%ïý.LUFKQHUïýýìäåæïýý3$7+:$<ãý$ýG\QDPLFýIRRGðFKDLQýPRGHOýWRýSUHGLFW
UDGLRQXFOLGHýLQJHVWLRQýDIWHUýIDOORXWýGHSRVLWLRQïýý+HDOWKý3K\Vïýýèëãæìæ¤æêæï

:LONHVñý&ï5ïñý0ï-ïý6PDOOñý-ï%ïý$QGHOPDQñý1ï-ïý*LDUGLQRýDQGý-ïý0DUVKDOOïýýìääëïýý,QKDODWLRQ
([SRVXUHý0RGHOýIRUý9RODWLOHý&KHPLFDOVýIURPý,QGRRUý8VHVýRIý:DWHUïýý$WPRVïý(QYLURQïý
ëç$ãëëëæðëëêçï

:LQHUñý$ï0ïñýHWýDOïýýìäåäïýý&KDUDFWHUL]DWLRQýRIý$LUý3ROOXWLRQý([SRVXUHVýLQýWKHý&DOLIRUQLDý6RXWK
&RDVWý$LUý%DVLQãýý$SSOLFDWLRQýRIýDýQHZý5HJLRQDOý+XPDQý([SRVXUHýõ5(+(;ôýPRGHOïýý5LYHUVLGHñ
&$ãýý8QLYHUVLW\ýRIý&DOLIRUQLDï

<DQJñý<ï<ïýDQGý&ï%ïý1HOVRQïýýìäåçïýý$Qý(VWLPDWLRQýRIý'DLO\ý)RRGý8VDJHý)DFWRUVýIRUý$VVHVVLQJ
5DGLRQXFOLGHý,QWDNHVýLQýWKHý8ï6ïý3RSXODWLRQïýý+HDOWKý3K\Vïýýèíãëéèðëèæï

=DUWDULDQñý9ï*ïýýìääçïýý'(50ýõ'HUPDOý([SRVXUHý5HGXFWLRQý0RGHOôãýý$ýSK\VLFDOðVWRFKDVWLF
PRGHOýIRUýXQGHUVWDQGLQJýGHUPDOýH[SRVXUHýWRýFKHPLFDOVïýý'RFWRUDOý'LVVHUWDWLRQïýý6WDQIRUG
8QLYHUVLW\ñý6WDQIRUGñý&$ï
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=DUWDULDQý9ï*ïñýg]ND\QDNý+ïñý%XUNHý-ï0ïñý=XIDOOý0ï-ïñý5LJDVý0ï/ïñýDQGý)XUWDZý-Uïý(ï-ïýý$
0RGHOLQJý)UDPHZRUNý)RUý(VWLPDWLQJý&KLOGUHQöVý5HVLGHQWLDOý([SRVXUHýDQGý'RVHýWRý&KORUS\ULIRV
9LDý'HUPDOý5HVLGXHý&RQWDFWýDQGý1RQð'LHWDU\ý,QJHVWLRQïýý6XEPLWWHGýWRý(QYLURQPHQWDOý+HDOWK
3HUVSHFWLYHVïýý6HSWHPEHUýìäääï
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$33(1',;ý$
*ORVVDU\

$EVRUEHGýGRVHý 7KHýDPRXQWýRIýSROOXWDQWýWKDWýFURVVHVýDýVSHFLILFýDEVRUSWLRQýEDUULHU
õHïJïñýWKHýH[FKDQJHýERXQGDULHVýRIýVNLQñýOXQJñýRUýGLJHVWLYHýWUDFWô
WKURXJKýXSWDNHýSURFHVVHVïýý$EVRUEHGýGRVHýLVýFDOFXODWHGýIURPýWKH
LQWDNHýDQGýDEVRUSWLRQýHIILFLHQF\ýDQGýLVýXVXDOO\ýH[SUHVVHGýDVýWKH
PDVVýRIýSROOXWDQWýDEVRUEHGýLQWRýWKHýERG\ýSHUýXQLWýWLPHýõPJîNJîGôïý
)RUýLQKDODWLRQýH[SRVXUHñýDEVRUEHGýGRVHýLVýWKHýDPRXQWýRIýPDWHULDO
WKDWýSDVVHVýIURPýWKHýOXQJýYROXPHýLQWRýWKHýEORRGïýý)RUýLQJHVWLRQ
H[SRVXUHñýDEVRUEHGýGRVHýLVýWKHýTXDQWLW\ýRIýSROOXWDQWýWKDWýSDVVHV
IURPýWKHýYROXPHýRIýWKHýJDVWURLQWHVWLQDOýýWUDFWýDFURVVýWKHýJXWýZDOO
DQGýLQWRýWKHýEORRGýVWUHDPïýý)RUýGHUPDOýH[SRVXUHñýDEVRUEHGýGRVHýLV
WKHýTXDQWLW\ýRIýPDWHULDOýWKDWýSDVVHVýWKURXJKýWKHýVWUDWXPýFRUQHXP
LQWRýWKHýOLYLQJýFHOOVýRIýWKHýHSLGHUPLVýDQGýGHUPLVýDQGýWKHQýLQWRýWKH
EORRGýVWUHDPïýý6RPHWLPHVýUHIHUUHGýWRýDVýLQWHUQDOýGRVHï

$EVRUSWLRQýEDUULHUý $Q\ýRIýWKHýH[FKDQJHýERXQGDULHVýRIýWKHýERG\ýõHïJïñýWKHýVNLQñýOXQJ
WLVVXHñýGLJHVWLYHýWUDFWñýJDVWURLQWHVWLQDOýWUDFWýZDOOôýWKDWýDOORZ
GLIIHUHQWLDOýGLIIXVLRQýRIýYDULRXVýSROOXWDQWVýDFURVVýWKHýERXQGDU\ïý

$FWLYLW\ýSDWWHUQ $ýVHULHVýRIýGLVFUHWHýHYHQWVýRIýYDU\LQJýWLPHýLQWHUYDOVýGHVFULELQJ
LQIRUPDWLRQýDERXWýDQýLQGLYLGXDO©VýOLIHVW\OHýDQGýURXWLQHïýý7KH
LQIRUPDWLRQýFRQWDLQHGýLQýDQýDFWLYLW\ýSDWWHUQýW\SLFDOO\ýLQFOXGHVýWKH
ORFDWLRQVýWKDWýWKHýLQGLYLGXDOýYLVLWHGýõXVXDOO\ýGHVFULEHGýLQýWHUPVýRI
PLFURHQYLURQPHQWVôñýWKHýDPRXQWýRIýWLPHýVSHQWýLQýWKRVHýORFDWLRQVñ
DQGýDýGHVFULSWLRQýRIýZKDWýWKHýLQGLYLGXDOýZDVýGRLQJýLQýHDFKýORFDWLRQ
õHïJïñýVOHHSLQJñýHDWLQJñýH[HUFLVLQJôïýý$OOýRIýWKHýLQIRUPDWLRQýIRUýDQ
DFWLYLW\ýSDWWHUQýLVýJDWKHUHGýGXULQJýDQý¦DFWLYLW\ýSDWWHUQýVXUYH\ñ§
XVXDOO\ýWKURXJKýWKHýXVHýRIýTXHVWLRQQDLUHVýRUýGLDULHVïýý(DFKýDFWLYLW\
SDWWHUQýVXUYH\ýLVýGHVLJQHGýWRýFROOHFWýLQIRUPDWLRQýRQýDFWLYLWLHV
QHHGHGýIRUýDýSDUWLFXODUýVWXG\ýRUýSXUSRVHïýý$FWLYLW\ýSDWWHUQVýDUHýDOVR
UHIHUUHGýWRýDVý¦WLPHîDFWLYLW\ýSDWWHUQVï§

$SSOLHGýGRVH 7KHýDPRXQWýRIýDýSROOXWDQWýJLYHQýLQýPJîNJîGýWKDWýFRPHVýLQýFRQWDFW
ZLWKýWKHýOLYLQJýWLVVXHýRIýDQýRUJDQLVPýE\ýHQWHULQJýLQWRýWKHýOXQJVñýE\
HQWHULQJýWKHýJDVWURLQWHVWLQDOýWUDFWñýDQGîRUýE\ýFURVVLQJýWKHýVWUDWXP
FRUQHXPýLQWRýWKHýOLYLQJýFHOOVýRIýWKHýHSLGHUPLVïýý,QýVRPH
H[SHULPHQWDOýGHVLJQVñýWKHýDSSOLHGýGRVHýLVýUHIHUUHGýWRýDVýWKH
DGPLQLVWHUHGýGRVHï

$YHUDJHýGDLO\ýGRVHýõ$''ô 'RVHýUDWHýZLWKLQýDýSRSXODWLRQýDYHUDJHGýRYHUýERG\ýZHLJKWýDQGýDQ
DYHUDJLQJýWLPHýDQGýW\SLFDOO\ýH[SUHVVHGýLQýWHUPVýRIýPJîNJîGï
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%LRORJLFDOO\ýHIIHFWLYHýGRVH 7KHýDPRXQWýRIýDýGHSRVLWHGýRUýDEVRUEHGýSROOXWDQWýWKDWýUHDFKHVýWKH
FHOOVýRUýWDUJHWýVLWHýZKHUHýDQýDGYHUVHýHIIHFWýRFFXUVýRUýZKHUHýWKDW
SROOXWDQWýLQWHUDFWVýZLWKýDýPHPEUDQHýVXUIDFHï

%UHDWKLQJý]RQH $ý]RQHýRIýDLUýLQýWKHýYLFLQLW\ýRIýDQýRUJDQLVPýIURPýZKLFKýUHVSLUHGýDLU
LVýGUDZQïýý3HUVRQDOýPRQLWRUVýDUHýRIWHQýXVHGýWRýPHDVXUHýSROOXWDQWV
LQýWKHýYLFLQLW\ýRIýWKHýEUHDWKLQJý]RQHï

&RKRUWý $ýJURXSýRIýSHRSOHýZLWKLQýDýSRSXODWLRQýZKRýDUHýDVVXPHGýWRýKDYH
VLPLODUýH[SRVXUHVýDUHýWDNHQýIURPýWKHýVDPHýSUREDELOLW\ýGLVWULEXWLRQ
GXULQJýDýVSHFLILHGýH[SRVXUHýSHULRGï

7KHýXVHýRIýFRKRUWVýLVýXVHIXOýZKHQýPRGHOLQJýWKHýH[SRVXUHVýRIýD
ODUJHýSRSXODWLRQïýý6LQFHýDGHTXDWHýGDWDýRQýWKHýH[SRVXUHVýRIýHDFK
LQGLYLGXDOýLQýDýSRSXODWLRQýGRHVýQRWýH[LVWñýLQIRUPDWLRQýDERXWýSHRSOH
ZKRýDUHýH[SHFWHGýWRýKDYHýVLPLODUýH[SRVXUHVýDUHýDJJUHJDWHGýWRJHWKHU
LQýRUGHUýWRýPDNHýEHWWHUýXVHýRIýWKHýOLPLWHGýGDWDýWKDWýLVýDYDLODEOHï

&RKRUWVýFDQýEHýGHILQHGýIRUýHDFKýDSSOLFDWLRQýRUýVLWXDWLRQïýý,QýWKH
ODWHVWýS1(0î&2ýPRGHOñýIRUýH[DPSOHñýFRKRUWýH[SRVXUHýZDVýWDNHQýWR
EHýDýIXQFWLRQýRIýGHPRJUDSKLFýJURXSñýORFDWLRQýRIýUHVLGHQFHñýORFDWLRQ
RIýZRUNýSODFHñýDQGýW\SHýRIýFRRNLQJýIXHOýõQDWXUDOýJDVýRUýRWKHUôïý
6SHFLI\LQJýWKHýKRPHýDQGýZRUNýGLVWULFWýRIýHDFKýFRKRUWýSURYLGHGýD
PHDQVýRIýOLQNLQJýFRKRUWýH[SRVXUHýWRýDPELHQWý&2ýFRQFHQWUDWLRQVïý
6SHFLI\LQJýWKHýGHPRJUDSKLFýJURXSýSURYLGHGýDýPHDQVýRIýOLQNLQJ
FRKRUWýH[SRVXUHýWRýDFWLYLW\ýSDWWHUQVýZKLFKýYDU\ýZLWKýDJHñýZRUN
VWDWXVñýDQGýRWKHUýGHPRJUDSKLFýYDULDEOHVïýý6SHFLI\LQJýWKHýW\SHýRI
FRRNLQJýIXHOýSURYLGHGýDýPHDQVýRIýOLQNLQJýFRKRUWýH[SRVXUHýWR
SUR[LPLW\ýWRýDýSDUWLFXODUýHPLVVLRQýVRXUFHïýý,QýVRPHýDQDO\VHVñ
FRKRUWVýDUHýIXUWKHUýGLVWLQJXLVKHGýDFFRUGLQJýWRýIDFWRUVýUHODWLQJýWR
WLPHýVSHQWýLQýSDUWLFXODUýPLFURHQYLURQPHQWVïýý,QýWKHýS1(0
DQDO\VHVñýWKHýSRSXODWLRQðRIðLQWHUHVWýLVýGLYLGHGýLQWRýDýVHWýRIýFRKRUWV
VXFKýWKDWýHDFKýSHUVRQýLVýDVVLJQHGýWRýRQHýDQGýRQO\ýRQHýFRKRUWï

'HPRJUDSKLFýJURXS $ýJURXSýRIýSHRSOHýZLWKLQýDýSRSXODWLRQýVKDULQJýFRPPRQ
GHPRJUDSKLFýFKDUDFWHULVWLFVýVXFKýDVýJHQGHUñýUDFHñýKRXVHKROG
LQFRPHñýZRUNLQJýVWDWXVñýRUýLQFLGHQFHýRIýDýSDUWLFXODUýGLVHDVHýRU
DLOPHQWïýý7KHVHýJURXSVýFDQýEHýGHILQHGýGLIIHUHQWO\ýGHSHQGLQJýRQýWKH
VWXG\ýRUýDSSOLFDWLRQýDQGýPXFKýRIýWKLVýLQIRUPDWLRQýFDQýEHýJDWKHUHG
IURPýWKHýFHQVXVï

'HUPDO 7KHýH[WHUQDOýVNLQýVXUIDFHýRIýDQýRUJDQLVPïý
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'HUPDOýH[SRVXUH 7KHýFRQWDFWýEHWZHHQýDýSROOXWDQWýDQGýWKHýH[WHUQDOýVNLQýVXUIDFHýRIýD
ELRORJLFDOýRUJDQLVPï

'RVH 7KHýTXDQWLW\ýRIýHQHUJ\ýRUýSROOXWDQWýDYDLODEOHýIRUýLQWHUDFWLRQýZLWK
PHWDEROLFýSURFHVVHVýRUýELRORJLFDOýUHFHSWRUVýDIWHUýFURVVLQJýWKHýRXWHU
ERXQGDU\ýRIýDQýRUJDQLVPïýý6HHýUHODWHGýWHUPVãýDEVRUEHGýGRVHñ
DSSOLHGýGRVHñýELRORJLFDOO\ýHIIHFWLYHýGRVHñýGHOLYHUHGýGRVHñýLQWHUQDO
GRVHñýDQGýSRWHQWLDOýGRVHï

'RVHýUDWH 'RVHýSHUýXQLWýWLPHýõPJîGôïýý'RVHýUDWHýLVýRIWHQýH[SUHVVHGýRQýD
SHUðXQLWðERG\ZHLJKWðEDVLVýõHïJïñýPJîNJîGôýDQGýPD\ýEHýH[SUHVVHGýDV
DQýDYHUDJHýRYHUýDýORQJýWLPHýSHULRGýõHïJïñýDýOLIHWLPHôïýý$OVRýUHIHUUHG
WRýDVýGRVDJHïýý

(QYLURQPHQWDOýPHGLD 7KHýFRPSRQHQWVýRIýWKHýSK\VLFDOýHQYLURQPHQWýWKDWýFDUU\ýDýSROOXWDQWñ
DQGýWKURXJKýZKLFKýSROOXWDQWVýFDQýPRYHýDQGýUHDFKýWKHýRUJDQLVPVïý
7KHýHQYLURQPHQWDOýPHGLDýLQý75,0ï([SRýLQFOXGHýDPELHQWýDLUñ
JURXQGýZDWHUñýVXUIDFHýZDWHUñýVXUIDFHýVRLOñýURRWý]RQHýVRLOñýYDGRVH
]RQHýVRLOñýDQGýVHYHUDOýFODVVHVýRIýYHJHWDWLRQï

([SRVXUH 7KHýFRQWDFWýEHWZHHQýDýWDUJHWýRUJDQLVPýDQGýDýSROOXWDQWýDWýWKHýRXWHU
ERXQGDU\ýRIýWKHýRUJDQLVPïýý([SRVXUHýPD\ýEHýTXDQWLILHGýDVýWKH
DPRXQWýRIýSROOXWDQWýDYDLODEOHýDWýWKHýERXQGDU\ýRIýWKHýUHFHSWRU
RUJDQLVPýSHUýVSHFLILHGýWLPHýSHULRGïýý$VýDQýH[DPSOHñýLQKDODWLRQ
H[SRVXUHýRYHUýDýSHULRGýRIýWLPHýPD\ýEHýUHSUHVHQWHGýE\ýDýWLPHð
GHSHQGHQWýSURILOHýRIýWKHýH[SRVXUHýFRQFHQWUDWLRQVï

([SRVXUHýDVVHVVPHQW 0HDVXUHPHQWýRUýHVWLPDWLRQýRIýWKHýPDJQLWXGHñýIUHTXHQF\ñýGXUDWLRQñ
DQGýURXWHýRIýH[SRVXUHýRIýELRORJLFDOýRUJDQLVPVýWRýSROOXWDQWVýLQýWKH
HQYLURQPHQWýIRUýDýVSHFLILHGýWLPHýSHULRGïýý$QýH[SRVXUHýDVVHVVPHQW
DOVRýGHVFULEHVýWKHýQDWXUHýRIýH[SRVXUHýDQGýWKHýVL]HýDQGýQDWXUHýRIýWKH
H[SRVHGýSRSXODWLRQVï

([SRVXUHýGLVWULFW $ýJHRJUDSKLFýORFDWLRQýZLWKLQýDýGHILQHGýSK\VLFDOýRUýSROLWLFDOýUHJLRQ
ZKHUHýWKHUHýLVýSRWHQWLDOýFRQWDFWýEHWZHHQýDQýRUJDQLVPýDQGýD
SROOXWDQWñýDQGýIRUýZKLFKýHQYLURQPHQWDOýPHGLDýFRQFHQWUDWLRQVýKDYH
EHHQýHVWLPDWHGýHLWKHUýWKURXJKýPRGHOLQJýRUýPHDVXUHPHQWï

([SRVXUHýHYHQW $ýKXPDQýDFWLYLW\ýWKDWýUHVXOWVýLQýFRQWDFWýZLWKýDýFRQWDPLQDWHG
PHGLXPýZLWKLQýDýVSHFLILHGýPLFURHQYLURQPHQWýDWýDýJLYHQ
JHRJUDSKLFýORFDWLRQï

([SRVXUHýIDFWRU $ýQRUPDOL]LQJýRUýVWDQGDUGL]LQJýIDFWRUýXVHGýLQýDQýH[SRVXUH
DVVHVVPHQWýDVýDýVXUURJDWHýIRUýVSHFLILFýLQIRUPDWLRQýWKDWýLVýQRW
DYDLODEOHýIRUýDýSDUWLFXODUýVXEMHFWñýFRKRUWñýRUýGHPRJUDSKLFýJURXSïý
7KHVHýIDFWRUVýDUHýRIWHQýGUDZQýIURPýDýGLVWULEXWLRQýRUýDýUDQJHýRIýGDWD
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>VHHýIRUýH[DPSOHñý(3$©Vý([SRVXUHý)DFWRUVý+DQGERRNýýõ8ï6ïý(3$
ìääæEô@ï

([SRVXUHýPHGLD 7KHýSDUWýRIýWKHýSK\VLFDOýHQYLURQPHQWýWKDWýVXUURXQGVýRUýFRQWDFWV
RUJDQLVPVýDWýWKHýWLPHýRIýDQýH[SRVXUHïýý7KHýH[SRVXUHýPHGLDýLQ
75,0ï([SRýLQFOXGHýRXWGRRUýDLUñýLQGRRUýDLUýõPXOWLSOH
PLFURHQYLURQPHQWVôñýWDSýZDWHUñýKRPHðJURZQýIRRGñýORFDOO\ð
SURGXFHGýIRRGñýSUHSDUHGýIRRGñýEUHDVWýPLONñýKRXVHýGXVWñýVRLOñ
VZLPPLQJýSRROVñýDQGýRWKHUýUHFUHDWLRQDOýVXUIDFHýZDWHUï

([SRVXUHýSDWKZD\ 7KHýSK\VLFDOýFRXUVHýRIýDýSROOXWDQWýIURPýWKHýVRXUFHýWRýWKHýH[SRVHG
RUJDQLVPïýý$QýH[SRVXUHýSDWKZD\ýGHVFULEHVýDýXQLTXHýPHFKDQLVPýE\
ZKLFKýDQýLQGLYLGXDOýRUýSRSXODWLRQýLVýH[SRVHGýWRýSROOXWDQWVýRU
SK\VLFDOýDJHQWVýDWñýRUýRULJLQDWLQJýIURPñýDýVLWHïýý(DFKýH[SRVXUH
SDWKZD\ýLQFOXGHVýDýVRXUFHñýRUýUHOHDVHýIURPýDýVRXUFHñýDQýH[SRVXUH
SRLQWñýDQGýDQýH[SRVXUHýURXWHïýý,IýWKHýH[SRVXUHýSRLQWýGLIIHUVýIURPýWKH
VRXUFHñýDýWUDQVSRUWîH[SRVXUHýPHGLXPýõVXFKýDVýDLUôýRUýPHGLDýõLQ
FDVHVýRIýLQWHUPHGLDýWUDQVSRUWñýVXFKýDVýZDWHUýWRýDLUôýLVýDOVRýLQFOXGHGï

([SRVXUHýURXWHý 7KHýZD\ýDýSROOXWDQWýHQWHUVýDQýRUJDQLVPýDIWHUýFRQWDFWñýLQFOXGLQJ
LQKDODWLRQñýLQJHVWLRQñýRUýGHUPDOýDEVRUSWLRQï

)L[HGðVLWHýPRQLWRULQJ 6DPSOLQJýRIýDQýHQYLURQPHQWDOýRUýDPELHQWýPHGLXPýIRUýDýSROOXWDQW©V
FRQFHQWUDWLRQýDWýWKHýVDPHýORFDWLRQýFRQWLQXRXVO\ýRUýUHSHDWHGO\ýRYHU
VRPHýOHQJWKýRIýWLPHï

,QJHVWLRQ $QýH[SRVXUHýURXWHýZKHUHE\ýSROOXWDQWVýHQWHUýWKHýERG\ýE\ýWKHýPRXWK
IRUýGLJHVWLRQýRUýDEVRUSWLRQï

,QJHVWLRQýH[SRVXUH 7KHýFRQWDFWýEHWZHHQýDýSROOXWDQWýDQGýWKHýERXQGDU\ýLQýWKHýDUHD
VXUURXQGLQJýWKHýPRXWKýDWýWKHýWLPHýRIýLQJHVWLRQïýý7KHýFRQWDFW
ERXQGDU\ýLVýRIWHQýGHILQHGýIRUýHDFKýSDUWLFXODUýVLWXDWLRQýRUýVWXG\ï

,QKDODWLRQ $QýH[SRVXUHýURXWHýZKHUHE\ýDLUýDQGýSROOXWDQWVýDUHýGUDZQýLQWRýWKH
OXQJVýYLDýWKHýQDVDOýRUýRUDOýUHVSLUDWRU\ýSDVVDJHVïý

,QKDODWLRQýH[SRVXUH 7KHýFRQWDFWýEHWZHHQýDQýDLUERUQHýSROOXWDQWýDQGýDýKXPDQñýRUýRWKHU
DQLPDOñýDWýWKHýWLPHýRIýLQKDODWLRQï

,QWDNH 7KHýSURFHVVýE\ýZKLFKýDýSROOXWDQWýFURVVHVýWKHýRXWHUýERXQGDU\ýRIýDQ
RUJDQLVPýSULRUýWRýSDVVLQJýDQýDEVRUSWLRQýEDUULHUýõHïJïñýWKURXJK
LQJHVWLRQýRUýLQKDODWLRQôï

,QWHUPHGLDýWUDQVIHU $QýDOJRULWKPýIRUý¦OLQNLQJ§ýWKHýHQYLURQPHQWDOýPHGLDýZLWKýWKH
PLFURHQYLURQPHQWDOýPHGLDýWKDWýH[SRVHGýLQGLYLGXDOVýRFFXS\ýõHïJïñ
DLUýFRPSDUWPHQWVôýRUýWKHýH[SRVXUHýPHGLDýZLWKýZKLFKýWKH\ýFRPHýLQ
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FRQWDFWýõHïJïñýDLUñýZDWHUñýIRRGñýVRLOôïýý$QýLQWHUPHGLDýWUDQVIHU
DOJRULWKPýUHODWHVýWKHýSROOXWDQWýFRQFHQWUDWLRQýLQýD
PLFURHQYLURQPHQWDOýPHGLXPýWRýWKHýFRQFHQWUDWLRQýLQýDQýDPELHQW
HQYLURQPHQWDOýPHGLXPýWKDWýSURYLGHVýDQýLQSXWýWRýWKDW
PLFURHQYLURQPHQWï

,QWHUQDOýGRVH 6HHýDEVRUEHGýGRVHï

/LIHWLPHýDYHUDJHýGDLO\ýGRVH /$''ýLVýWKHýDYHUDJHýGDLO\ýGRVHýZLWKLQýDýSRSXODWLRQýZKHQýWKH
DYHUDJLQJýWLPHýLVýWKHýH[SHFWHGýLQGLYLGXDOýOLIHWLPHýDQGýLVýXVXDOO\
H[SUHVVHGýLQýWHUPVýRIýPJîNJîGýIRUýFRPSRXQGVýZLWKýFDUFLQRJHQLFýRU
FKURQLFýHIIHFWVï

0LFURHQYLURQPHQWý $ýGHILQHGýVSDFHýLQýZKLFKýKXPDQýFRQWDFWýZLWKýDQýHQYLURQPHQWDO
SROOXWDQWýWDNHVýSODFHýDQGýZKLFKýFDQýEHýWUHDWHGýDVýD
ZHOOðFKDUDFWHUL]HGñýUHODWLYHO\ýKRPRJHQHRXVýORFDWLRQýZLWKýUHVSHFWýWR
SROOXWDQWýFRQFHQWUDWLRQVýIRUýDýVSHFLILHGýWLPHýSHULRGï

0RQWHý&DUORýWHFKQLTXHý $ýVWDWLVWLFDOýPHWKRGýWKDWýXVHVýUHSHDWHGýUDQGRPýVDPSOLQJýIURPýWKH
GLVWULEXWLRQýRIýYDOXHVýIRUýHDFKýRIýWKHýSDUDPHWHUVýLQýDýJHQHULF
õH[SRVXUHýRUýGRVHôýHTXDWLRQýWRýGHULYHýDQýHVWLPDWHýRIýWKH
GLVWULEXWLRQýRIýõH[SRVXUHVýRUýGRVHVýLQôýWKHýSRSXODWLRQï

0XOWLSDWKZD\ýH[SRVXUH ([SRVXUHýLQýZKLFKýWKHýSROOXWDQWýWUDYHOVýYLDýPRUHýWKDQýRQH
HQYLURQPHQWDOýPHGLXPýIURPýLWVýVRXUFHýWRýWKHýSRLQWýRIýFRQWDFWýZLWK
WKHýH[SRVHGýRUJDQLVPïýý)RUýH[DPSOHñýDýSROOXWDQWýZKLFKýLVýUHOHDVHG
LQWRýWKHýDLUñýEXWýLVýWKHQýGHSRVLWHGýLQWRýDýZDWHUýERG\ýEHIRUHýFRPLQJ
LQýFRQWDFWýZLWKýDýSHUVRQï

3RWHQWLDOýGRVH $QýDSSUR[LPDWLRQýWRýWKHýDSSOLHGýGRVHýWKDWýLVýVLPSO\ýWKHýDPRXQWýRI
DýSROOXWDQWýLQýWKHýPDWHULDOýLQJHVWHGñýDLUýLQKDOHGñýRUýPDWHULDOýDSSOLHG
WRýWKHýVNLQïýý7KHýSRWHQWLDOýGRVHýIRUýLQKDODWLRQýDQGýLQJHVWLRQýLV
DQDORJRXVýWRýWKHýDGPLQLVWHUHGýGRVHýLQýDýGRVHðUHVSRQVHýH[SHULPHQWïý
)RUýWKHýGHUPDOýURXWHñýWKHýSRWHQWLDOýGRVHýLVýWKHýDPRXQWýRIýSROOXWDQW
DSSOLHGýRUýWKHýDPRXQWýRIýSROOXWDQWýLQýWKHýH[SRVXUHýPHGLXPýDSSOLHG
WRýWKHýVNLQï

5LVN 7KHýSUREDELOLW\ýRIýGHOHWHULRXVýHIIHFWVýWKDWýPD\ýUHVXOWýIURPýDQýDFWLRQ
RUýLQDFWLRQï

5LVNýDVVHVVPHQW 7KHýSURFHVVýRIýHYDOXDWLQJýWKHýWR[LFýSURSHUWLHVýRIýDýSROOXWDQWýDQGýWKH
FRQGLWLRQVýRIýKXPDQýH[SRVXUHýWRýWKHýSROOXWDQWýLQýRUGHUýWRýDVFHUWDLQ
WKHýOLNHOLKRRGýWKDWýH[SRVHGýKXPDQVýZLOOýEHýDGYHUVHO\ýDIIHFWHGýDQG
WRýFKDUDFWHUL]HýWKHýQDWXUHýRIýWKHýHIIHFWVýWKH\ýPD\ýH[SHULHQFHïýý5LVN
DVVHVVPHQWVýKLVWRULFDOO\ýKDYHýLQFOXGHGýWKHýIROORZLQJýIRXUýVWHSVãýõìô
KD]DUGýLGHQWLILFDWLRQýõGHWHUPLQDWLRQýRIýZKHWKHUýRUýQRWýDýSDUWLFXODU
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SROOXWDQWýLVýFDXVDOO\ýOLQNHGýWRýDýSDUWLFXODUýDGYHUVHýKHDOWKýHIIHFWôâ
õëôýH[SRVXUHýDVVHVVPHQWýõGHWHUPLQDWLRQýRIýWKHýDPRXQWýRIýWKH
SROOXWDQWýWKDWýKXPDQVýDUHýH[SRVHGýWRýDQGýWKHýFRQGLWLRQVýRIýWKDW
H[SRVXUHôâýõêôýGRVHðUHVSRQVHýDVVHVVPHQWýõTXDQWLILFDWLRQýRIýKRZ
DGYHUVHýHIIHFWVýFKDQJHýZLWKýGRVHôâýDQGýõéôýULVNýFKDUDFWHUL]DWLRQýõWKH
ILQDOýDQDO\VLVýWKDWýLQWHJUDWHVýWKHýVFLHQWLILFýILQGLQJVýRIýWKHýSUHYLRXV
WKUHHýFRPSRQHQWVýWRýDVVHVVýWKHýRYHUDOOýFRQFOXVLRQVýDERXWýSRWHQWLDO
KXPDQýULVNýLQFOXGLQJýDýGHVFULSWLRQýRIýWKHýH[SHFWHGýQDWXUHýDQG
VHYHULW\ýRIýKDUPýDVVRFLDWHGýZLWKýWKHýULVNôï

8SWDNH 7KHýSURFHVVýLQýZKLFKýDýSROOXWDQWýFURVVHVýDQýDEVRUSWLRQýEDUULHUýDQG
LVýDEVRUEHGýLQWRýWKHýERG\ï
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$33(1',;ý%
&RPSDULVRQî&ULWLTXHýRIý([SRVXUHý0RGHOV

7KLVýDSSHQGL[ýSURYLGHVýDýUHYLHZýRIýVHYHUDOýH[LVWLQJýDQGýHPHUJLQJýFRQFHQWUDWLRQýDQG
KXPDQýH[SRVXUHýDVVHVVPHQWýPRGHOVïýý7KHýUHYLHZýLQýWKLVýFKDSWHUýLVýRUJDQL]HGýDFFRUGLQJýWRýWKH
JHQHUDOýFKDUDFWHULVWLFVýRIýWKHýFRQFHQWUDWLRQýDQGýKXPDQýH[SRVXUHýPRGHOVïýý7RýEHJLQýWKHýUHYLHZñ
PRGHOVýZHUHýJHQHUDOO\ýFODVVLILHGýDFFRUGLQJýWRýZKHWKHUýWKH\ýZHUHýõìôýFRQFHQWUDWLRQýPRGHOVýRUýõëô
H[SRVXUHýPRGHOVïýý0RGHOVýZHUHýWKHQýIXUWKHUýFKDUDFWHUL]HGýLQWRýPRUHýVSHFLILFýFDWHJRULHVïýý)RU
H[DPSOHñýWKHýFRQFHQWUDWLRQýPRGHOVýZHUHýIXUWKHUýVXEGLYLGHGýLQWRýRXWGRRUýDLUýõ6HFWLRQý%ïìôýDQG
LQGRRUýDLUýõ6HFWLRQý%ïëôýFRQFHQWUDWLRQýPRGHOVïýý7KHýH[SRVXUHýPRGHOVýZHUHýVXEGLYLGHGýDFFRUGLQJ
WRýWKHýH[SRVXUHýPHGLDýUHSUHVHQWHGãýDLUýõ6HFWLRQý%ïêôñýFRQVXPHUýSURGXFWVýõ6HFWLRQý%ïéôñýGLHWDU\
õ6HFWLRQý%ïèôñýDQGýPXOWLPHGLDýõ6HFWLRQý%ïçôïýý([SRVXUHýVLPXODWLRQýPRGHOLQJýV\VWHPVýZHUHýDOVR
UHYLHZHGýõ6HFWLRQý%ïæôïýý7KHVHýDUHýQRWýLQGLYLGXDOýPRGHOVýSHUýVHñýUDWKHUýWKH\ýDUHýDýFRPSLODWLRQýRI
YDULRXVýFRPSRQHQWVýWKDWýDUHýLQWHJUDWHGýWKURXJKýDýFRPPRQýFRPSXWHUýV\VWHPïýý7KHýSDUWVýRIýWKLV
V\VWHPýFDQýLQFOXGHýVXFKýYDULHGýFRPSRQHQWVýDVýDLUýTXDOLW\ýPRGHOVýõHïJïñýDWPRVSKHULFýGLVSHUVLRQ
PRGHOVýRUýRWKHUýW\SHVýRIýIDWHîWUDQVSRUWýPRGHOVôñý*HRJUDSKLFý,QIRUPDWLRQý6\VWHPýõ*,6ô
FDSDELOLWLHVñýHQYLURQPHQWDOýDQGýYDULRXVýRWKHUýGDWDEDVHVñýDVýZHOOýDVýH[SRVXUHýPRGHOVýDQG
SK\VLRORJLFDOO\¤EDVHGýSKDUPDFRNLQHWLFýõ3%3.ôýPRGHOVï

7KLVýDSSHQGL[ýLVýRUJDQL]HGýE\ýPRGHOýFDWHJRULHVý¤ýDLUýFRQFHQWUDWLRQýPRGHOVýõLïHïñýLQGRRU
DQGýRXWGRRUýDLUýTXDOLW\ýýPRGHOVôýDQGýKXPDQýH[SRVXUHýPRGHOVñýWKHUHIRUHýIDFLOLWDWLQJýFRPSDULVRQ
RIýPRGHOVýZLWKýVLPLODUýFKDUDFWHULVWLFVïýý)RUýWKHýDLUýFRQFHQWUDWLRQýPRGHOVýõ6HFWLRQý%ïìý÷ý%ïëôñ
¦6XPPDU\ý)HDWXUHV§ýDUHýSURYLGHGýWKDWýGLVSOD\ýWKHýNH\ýDWWULEXWHVýRIýHDFKýPRGHOïý

%ïì 287'225ý$,5ý&21&(175$7,21ý02'(/6

7KUHHýPRGHOVýZHUHýLGHQWLILHGýWKDWýSULPDULO\ýDVVHVVýRXWGRRUýDLUýFRQFHQWUDWLRQVãý72;/7ñ
72;67ñýDQGý$63(1ïýý%RWKý72;/7ýDQGý72;67ýFDQýEHýDFFHVVHGýYLDýWKHý(3$©Vý([SRVXUH
0RGHOVý/LEUDU\ýõ(0/ôýõ8ï6ïý(3$ýìääçFôï

%ïìïì 72;/7ýõ7R[LFý0RGHOLQJý6\VWHPý/RQJð7HUPô

7KHý7R[LFý0RGHOLQJý6\VWHPý/RQJð7HUPýõ72;/7ôýLVýDý3&ðEDVHGýPRGHOýWKDWýZDV
GHYHORSHGýLQýFRQMXQFWLRQýZLWKýWKHýUHOHDVHýRIýWKHý(3$©Vý,QGXVWULDOý6RXUFHý&RPSOH[ýõ,6&ëô
'LVSHUVLRQý0RGHOVýõ8ï6ïý(3$ýìääëEôïýý%RWKýWKHý72;/7ýDQGý,6&ëýPRGHOVýFRLQFLGHGýZLWKýWKH
SURPXOJDWLRQýRIýWKHý(3$©VýJXLGDQFHýHQWLWOHGñý¦$ý7LHUHGý0RGHOLQJý$SSURDFKýIRUý$VVHVVLQJýWKH
5LVNVýGXHýWRý6RXUFHVýRIý+D]DUGRXVý$LUý3ROOXWDQWV§ýõ8ï6ïý(3$ýìääëFôïýý7KHý72;/7ýFRPSXWHU
V\VWHPýZDVýHVWDEOLVKHGýE\ý2$436ýWRýH[DPLQHýERWKýWKHýOLIHWLPHýFDQFHUýULVNVýDQGýWKHýFKURQLF
QRQFDQFHUýKD]DUGýLQGH[HVýDVVRFLDWHGýZLWKýWR[LFýSROOXWDQWVïýý7KHýSXUSRVHýRIý72;/7ýLVýWRýDVVLVWýLQ
WKHýHYDOXDWLRQýRIýWKHýOLIHWLPHýFDQFHUýULVNVýDQGýFKURQLFýQRQFDQFHUýKD]DUGVýWKDWýPD\ýUHVXOWýIURP
ORQJðWHUPýH[SRVXUHýWRýWR[LFýDLUýSROOXWDQWVïýý7KHý,6&/7ëýPRGHOýLVýXVHGýWRýVLPXODWHýDQQXDO
DYHUDJHýSROOXWDQWýFRQFHQWUDWLRQVýZKLFKýDUHýWKHQýXVHGýWRýHVWLPDWHýFDQFHUýULVNýOHYHOVýRUýKD]DUG
LQGH[ýYDOXHVýDWýHDFKýXVHUðVSHFLILHGýUHFHSWRUïýý7KHVHýRXWSXWVýSUHVXPHýõìôýDýK\SRWKHWLFDOýLQGLYLGXDO
H[LVWVýDWýHDFKýUHFHSWRUâýõëôýQRýFRQWULEXWLRQýIURPý¦EDFNJURXQG§ýVRXUFHVýõLïHïñýVRXUFHVýQRW
VSHFLILFDOO\ýLQFOXGHGýLQýWKHýVLPXODWLRQôâýDQGýõêôýSROOXWDQWýFRQWULEXWLRQVýLQýDýPL[WXUHýDUHýDGGLWLYH
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õLïHïñýWKHUHýDUHýQRýV\QHUJLVWLFýRUýDQWDJRQLVWLFýLQWHUDFWLRQVýEHWZHHQýSROOXWDQWVôï

6XPPDU\ý)HDWXUHVý¤ý72;/7
(QYLURQPHQWDOýPHGLDã $PELHQWýDLU
3ROOXWDQWVã 0XOWLSOHýJDVðýDQGýSDUWLFOHðSKDVHýDJHQWV
7LPHýVFDOHã /RQJðWHUPýõDQQXDOýDYHUDJHô
6WRFKDVWLFã 1R
9DULDELOLW\ã 1R
8QFHUWDLQW\ã 1R

%ïìïë 72;67ýõ7R[LFý0RGHOLQJý6\VWHPý6KRUWð7HUPô

7KHýIRUPHUý,QWHJUDWHGý7R[LFý([SHFWHGý([FHHGDQFHý0RGHOýõ,172;;ôñýZKLFKýZDVýEDVHG
RQýWKHýVXSHUVHGHGýYHUVLRQýRIýWKHý,QGXVWULDOý6RXUFHý&RPSOH[ý6KRUWð7HUPýõ,6&67ôý0RGHOñýZDV
UHYLVHGýWRýEHFRPHýWKHý7R[LFý0RGHOLQJý6\VWHPý6KRUWð7HUPýõ8ï6ïý(3$ýìääéEôïýý72;67
DGGUHVVHVýWKHýSUREOHPýRIýHVWLPDWLQJýH[SHFWHGýH[FHHGDQFHVýRIýVSHFLILHGýVKRUWðWHUPýKHDOWKýHIIHFWV
WKUHVKROGVýLQýWKHýYLFLQLW\ýRIýFRQWLQXRXVýDQGýLQWHUPLWWHQWýWR[LFýSROOXWDQWýUHOHDVHVïýý&HUWDLQ
LQGXVWULDOýIDFLOLWLHVýHPLWýDLUERUQHýWR[LFýFKHPLFDOVýNQRZQýWRýEHýKDUPIXOýZKHQýWKHLUýFRQFHQWUDWLRQV
H[FHHGýDýVSHFLILHGýKHDOWKýHIIHFWýWKUHVKROGýYDOXHýIRUýDýVSHFLILHGýOHQJWKýRIýWLPHïýý+RZHYHUñýUHOHDVHV
RIýVXFKýFKHPLFDOVýRIWHQýRFFXUýLQWHUPLWWHQWO\ïýý7KLVýUDQGRPýHPLVVLRQýSDWWHUQýPDNHVýLWýGLIILFXOWýWR
SUHGLFWýWKHýIUHTXHQF\ýZLWKýZKLFKýDPELHQWýFRQFHQWUDWLRQVýZLOOýH[FHHGýWKHýKHDOWKýHIIHFWýWKUHVKROGïý
72;67ýDWWHPSWVýWRýDYRLGýWKHýSUREOHPVýRIýXQGHUHVWLPDWLRQýDQGýRYHUHVWLPDWLRQýRIýH[FHHGDQFH
UDWHVýUHVXOWLQJýIURPýUDQGRPýHPLVVLRQýSDWWHUQVýE\ýXVLQJýWKHý0RQWHý&DUORýVLPXODWLRQýRIýVRXUFH
HPLVVLRQVýRIýXVHUðVSHFLILHGýGXUDWLRQVýDQGýUDWHVýDWýUDQGRPO\ýVHOHFWHGýSRLQWVýLQýWLPHýRYHUýD
VLPXODWHGýORQJýSHULRGýRIýWLPHïýý,QýDGGLWLRQñý72;67ýPDLQWDLQVýWKHýFDSDELOLW\ýRIýVLPXODWLQJ
FRQWLQXRXVýHPLVVLRQýVRXUFHVýDORQJýZLWKýLQWHUPLWWHQWýHPLVVLRQñýWKHUHE\ýSURYLGLQJýDýPRUHýUHDOLVWLF
VLPXODWLRQýRIýDFWXDOýLQGXVWULDOýRSHUDWLRQVï

6XPPDU\ý)HDWXUHVý¤ý72;67
(QYLURQPHQWDOýPHGLDã $PELHQWýDLU
3ROOXWDQWVã 0XOWLSOHýJDVðýDQGýSDUWLFOHðSKDVHýDJHQWV
7LPHýVFDOHã 6KRUWýWHUPýWRýORQJðWHUPýõaýìýKRXUýWRýFRQWLQXRXVô
6WRFKDVWLFã <HV
9DULDELOLW\ã <HV
8QFHUWDLQW\ã 1R

%ïìïê $63(1ýõ$VVHVVPHQWý6\VWHPýIRUý3RSXODWLRQý([SRVXUHý1DWLRQZLGHô

7KHý$VVHVVPHQWý6\VWHPýIRUý3RSXODWLRQý([SRVXUHý1DWLRQZLGHýõ$63(1ôýZDVýRULJLQDOO\
GHYHORSHGýZLWKýVXSSRUWýIURPý(3$©Vý2IILFHýRIý3ROLF\ýõ23ôý>IRUPDOO\ýWKHý2IILFHýRIý3ROLF\ñ
3ODQQLQJñýDQGý(YDOXDWLRQýõ233(ô@ïýý7KHýPRGHOýLVýEHLQJýDSSOLHGýE\ý2$436ýDVýSDUWýRIýWKHLU
1DWLRQDOý$LUý7R[LFVý$VVHVVPHQWýõ1$7$ôýDFWLYLWLHVïýý$63(1ñýZKLFKýLVýXVHGýýIRUýKD]DUGRXVýDLU
SROOXWDQWVñýFRQVLVWVýRIýWKUHHýVHSDUDWHýPRGXOHVýõ6$,ýìäääôã

ìï $ýGLVSHUVLRQýPRGXOHýHVWLPDWHVýDPELHQWýFRQFHQWUDWLRQýLQFUHPHQWVýDWýDýVHWýRIýIL[HGýUHFHSWRU
ORFDWLRQVýLQýWKHýYLFLQLW\ýRIýDQýHPLVVLRQýVRXUFHâ
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ëï $ýPDSSLQJýPRGXOHýLQWHUSRODWHVýDPELHQWýFRQFHQWUDWLRQýLQFUHPHQWýHVWLPDWHVýIURPýWKHýJULG
UHFHSWRUVýWRýFHQVXVýWUDFWýFHQWURLGVýDQGýVXPVýFRQWULEXWLRQVýIURPýDOOýPRGHOHGýVRXUFHVâýDQG

êï $QýH[SRVXUHýPRGXOHñýFXUUHQWO\ýXQGHUýGHYHORSPHQWñýZLOOýHVWLPDWHýWKHýDYHUDJH
FRQFHQWUDWLRQýLQFUHPHQWýWRýZKLFKýWKHýSRSXODWLRQýRIýDýFHQVXVýWUDFWýLVýH[SRVHGñýDFFRXQWLQJ
IRUýWLPHýVSHQWýLQýERWKýLQGRRUýDQGýRXWGRRUýPLFURHQYLURQPHQWVýDQGýWLPHýVSHQWýLQýRWKHU
FHQVXVýWUDFWVï

7KHý$63(1ýGLVSHUVLRQýPRGXOHñýOLNHýLWVýSUHGHFHVVRUVý+(0ýDQGý6&5($0ëñýXVHVýD
*DXVVLDQýPRGHOýIRUPXODWLRQýDQGýFOLPDWRORJLFDOýGDWDýWRýHVWLPDWHýORQJðWHUPýDYHUDJH
FRQFHQWUDWLRQVïýý)RUýHDFKýVRXUFHñýWKHýPRGHOýFDOFXODWHVýJURXQGðOHYHOýFRQFHQWUDWLRQVýDVýDýIXQFWLRQ
RIýUDGLDOýGLVWDQFHýDQGýGLUHFWLRQýIURPýWKHýVRXUFHýIRUýDýVHWýRIýUHFHSWRUVýODLGýRXWýLQýDýUDGLDOýJULG
SDWWHUQïýý7KHýFRQFHQWUDWLRQVýUHSUHVHQWýWKHýVWHDG\ðVWDWHýFRQFHQWUDWLRQVýWKDWýZRXOGýRFFXUýZLWK
FRQVWDQWýHPLVVLRQVýDQGýPHWHRURORJLFDOýSDUDPHWHUVïýý)RUýHDFKýJULGýUHFHSWRUñýFRQFHQWUDWLRQVýDUH
FDOFXODWHGýIRUýHDFKýFRPELQDWLRQýRIýVWDELOLW\ýFODVVñýZLQGýVSHHGñýDQGýZLQGýGLUHFWLRQïýý7KHVH
FRQFHQWUDWLRQVýDUHýWKHQýDYHUDJHGýWRJHWKHUïýý7KHýUHVXOWLQJýRXWSXWýRIý$63(1©VýGLVSHUVLRQýPRGXOH
LVýDýJULGýRIýDQQXDOýDYHUDJHýRXWGRRUýFRQFHQWUDWLRQýHVWLPDWHVýIRUýHDFKýVRXUFHîSROOXWDQW
FRPELQDWLRQïýý,PSURYHPHQWVýWRý+(0ýDQGý6&5($0ëýWKDWýKDYHýEHHQýLQFRUSRUDWHGýLQWRý$63(1
LQFOXGHã

� ([SDQVLRQýRIýUHDFWLYHýGHFD\ýRSWLRQVâ
� ,QFOXVLRQýRIýVLPSOHýWUHDWPHQWýRIýVHFRQGDU\ýIRUPDWLRQâ
� ,PSURYHPHQWýRIýWKHýGHSRVLWLRQýDOJRULWKPâ
� ,PSURYHGýWUHDWPHQWýRIýORFDWLRQVýQHDUýPDMRUýSRLQWýVRXUFHVâýDQG
� ,PSURYHGýWUHDWPHQWýRIýDUHDýDQGýPRELOHýVRXUFHýHPLVVLRQVï

7KHýDQQXDOýDYHUDJHýFRQFHQWUDWLRQýHVWLPDWHVýIURPý$63(1©VýGLVSHUVLRQýPRGXOHýDUHýWKHQ
LQWHUSRODWHGýIURPýWKHýJULGýUHFHSWRUVýWRýFHQVXVýWUDFWýFHQWURLGVýZLWKý$63(1©VýPDSSLQJýPRGXOHïý
7KHýFRQWULEXWLRQVýIURPýDOOýPRGHOHGýVRXUFHVýDUHýVXPPHGýWRýJLYHýHVWLPDWHVýRIýFXPXODWLYHýDPELHQW
FRQFHQWUDWLRQýLQFUHPHQWVýLQýHDFKýFHQVXVýWUDFWïýý7KHýFRQFHQWUDWLRQýHVWLPDWHVýDUHýGHVLJQHGýWR
UHSUHVHQWýSRSXODWLRQðZHLJKWHGýFRQFHQWUDWLRQýDYHUDJHVýIRUýHDFKýFHQVXVýWUDFWï

7KHýQXPEHUýRIýHPLVVLRQýVRXUFHVñýUHFHSWRUVñýDQGýSROOXWDQWVýIRUýDQý$63(1ýDSSOLFDWLRQýDUH
YLUWXDOO\ýXQOLPLWHGïýý,WýKDVýEHHQýDSSOLHGýWRýPRUHýWKDQýëííñíííýSRLQWñýDUHDñýDQGýPRELOHýHPLVVLRQ
VRXUFHVýRIýìéåýKD]DUGRXVýDLUýSROOXWDQWVýWRýHVWLPDWHýRXWGRRUýFRQFHQWUDWLRQVýLQýWKHýPRUHýWKDQ
çíñíííýFHQVXVýWUDFWVýLQýWKHýFRQWLJXRXVý8ï6ïýý:RUNýLVýXQGHUZD\ýWRýOLQNýDQýDSSURSULDWHýH[SRVXUH
PRGXOHýWRý$63(1ïý

6XPPDU\ý)HDWXUHVý¤ý$63(1
(QYLURQPHQWDOýPHGLDã$PELHQWýDLU
3ROOXWDQWVã 0XOWLSOHýJDVðýDQGýSDUWLFOHðSKDVHýDJHQWV
7LPHýVFDOHã /RQJðWHUPýõDQQXDOýDYHUDJHô
6WRFKDVWLFã 1R
9DULDELOLW\ã 1R
8QFHUWDLQW\ã 1R
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%ïë ,1'225ý$,5ý&21&(175$7,21ý02'(/6

6HYHUDOýDSSURDFKHVýKDYHýEHHQýXVHGýWRýHVWLPDWHýH[SHFWHGýLQGRRUýDLUýSROOXWDQW
FRQFHQWUDWLRQVýõIRUýDýUHYLHZñýVHHý:DGGHQýDQGý6FKHIIýìäåêôïýý7KHVHýDSSURDFKHVýLQFOXGH
GHWHUPLQLVWLFýPRGHOVýEDVHGýRQýDýSROOXWDQWýPDVVýEDODQFHýDURXQGýDýSDUWLFXODUýLQGRRUýDLUýYROXPHâýD
YDULHW\ýRIýHPSLULFDOýDSSURDFKHVýEDVHGýRQýVWDWLVWLFDOýHYDOXDWLRQýRIýWHVWýGDWDýDQGýõXVXDOO\ôýDýOHDVWð
VTXDUHVýUHJUHVVLRQýDQDO\VLVâýRUýDýFRPELQDWLRQýRIýERWKýDSSURDFKHVý¤ýHPSLULFDOO\ýILWWLQJýWKH
SDUDPHWHUVýRIýDýPDVVýEDODQFHýPRGHOýZLWKýYDOXHVýVWDWLVWLFDOO\ýGHULYHGýIURPýH[SHULPHQWDO
PHDVXUHPHQWVïýý$OOýWKUHHýDSSURDFKHVýKDYHýDGYDQWDJHVýDQGýGLVDGYDQWDJHVïýý7KHýPDVVýEDODQFH
PRGHOVýSURYLGHýPRUHýJHQHUDOLW\ýLQýWKHLUýDSSOLFDWLRQñýEXWýRIWHQýWKHýLQIRUPDWLRQýRQýYDULRXVýLQSXW
SDUDPHWHUVýLVýXQDYDLODEOHýWRýFDUU\ýRXWýDýPDVVýEDODQFHýDSSURDFKïýý7KHýHPSLULFDOýPRGHOVñýZKHQ
DSSOLHGýZLWKLQýWKHýUDQJHýRIýPHDVXUHGýFRQGLWLRQVýIRUýZKLFKýWKH\ýZHUHýILWWHGñýSURYLGHýPRUH
DFFXUDWHýLQIRUPDWLRQïýý0DVVýEDODQFHýPRGHOVýLQFOXGHýVLQJOHýDQGýPXOWLSOHýFRPSDUWPHQWýPRGHOVïý
2IWHQýWKHýFRPSRQHQWýRIýWKHýLQGRRUýDLUýPDVVýEDODQFHýPRGHOVýWKDWýLVýPRVWýGLIILFXOWýWRýUHSUHVHQWýLV
WKHýUROHýRIýLQGRRUýVXUIDFHVýDVýVRXUFHVýRUýVLQNVýIRUýSROOXWDQWVï

%ïëïì ,1'225ñý(;32685(ñýDQGý5,6.ýõ(3$ý25'ý,QGRRUý$LUý4XDOLW\ý0RGHOVô

,1'225ñý(;32685(ñýDQGý5,6.ýDUHýDýVHULHVýRIýWKUHHýLQGRRUýDLUýTXDOLW\ýPRGHOV
GHYHORSHGýE\ýWKHý,QGRRUý$LUî5DGRQý0LWLJDWLRQý%UDQFKHVýRIý(3$©Vý1DWLRQDOý5LVNý0DQDJHPHQW
5HVHDUFKý/DERUDWRU\ýZLWKLQýWKHý2IILFHýRIý5HVHDUFKýDQGý'HYHORSPHQWýõ25'ôïýý7KHýILUVWýPRGHOñ
,1'225ñýZDVýGHVLJQHGýWRýFDOFXODWHýWKHýLQGRRUýSROOXWDQWýFRQFHQWUDWLRQVýIURPýLQGRRUýVRXUFHVïý
7KHýVHFRQGýPRGHOñý(;32685(ñýH[WHQGHGý,1'225ýWRýDOORZýFDOFXODWLRQýRIýLQGLYLGXDOýH[SRVXUHïý
7KHý5,6.ýPRGHOýH[WHQGVý(;32685(ýWRýDOORZýDQDO\VLVýRIýLQGLYLGXDOýULVNýWRýLQGRRUýSROOXWDQW
VRXUFHVïýý5LVNýHVWLPDWHVýJHQHUDWHGýE\ýPRGHOVýVXFKýDVý5,6.ýDUHýXVHIXOýPDLQO\ýIRUýWKHýSXUSRVHýRI
FRPSDULQJýVFHQDULRVñýUDWKHUýWKDQýIRUýHVWLPDWLQJýULVNVýWRýLQGLYLGXDOVýRUýSRSXODWLRQVï

7KHý5,6.ýPRGHOýXVHVýGDWDýRQýVRXUFHýHPLVVLRQVñýURRPðWRðURRPýDLUýIORZVñýDLUýH[FKDQJH
ZLWKýWKHýRXWGRRUVñýDQGýLQGRRUýVLQNVýWRýSUHGLFWýFRQFHQWUDWLRQðWLPHýSURILOHVýIRUýDOOýWKHýURRPVïýý7KH
FRQFHQWUDWLRQðWLPHýSURILOHVýDUHýWKHQýFRPELQHGýZLWKýLQGLYLGXDOýDFWLYLW\ýSDWWHUQVýWRýHVWLPDWH
H[SRVXUHïýý5LVNýLVýFDOFXODWHGýXVLQJýDýULVNýFDOFXODWLRQýIUDPHZRUNïýý7KHýPRGHOýDOORZVýDQDO\VLVýRI
WKHýHIIHFWVýRIýDLUýFOHDQHUVýORFDWHGýLQýWKHýFHQWUDOýDLUýFLUFXODWLQJýV\VWHPýDQGîRUýLQGLYLGXDOýURRPVýRQ
,$4ýDQGýH[SRVXUHïýý7KHýPRGHOýDOORZVýVLPXODWLRQýRIýDýZLGHýUDQJHýRIýVRXUFHVýLQFOXGLQJýORQJðWHUP
VWHDG\ýVWDWHýVRXUFHVñýLQWHUPLWWHQWýVRXUFHVñýDQGýGHFD\LQJýVRXUFHVïýý6HYHUDOýVRXUFHVýFDQýEHýPRGHOHG
LQýHDFKýURRPïýý7KHýPRGHOýDOORZVýWKHýDQDO\VLVýRIýWKHýHIIHFWVýRIýVLQNVýDQGýVLQNýUHðHPLVVLRQVýRQ
,$4ïýý7KHýUHVXOWVýRIýWHVWýKRXVHýH[SHULPHQWVýZHUHýFRPSDUHGýZLWKýPRGHOýSUHGLFWLRQVïýý7KH
DJUHHPHQWýEHWZHHQýSUHGLFWHGýFRQFHQWUDWLRQðWLPHýSURILOHVýDQGýWKHýWHVWýKRXVHýGDWDýZDVýJRRGïýý7KH
PRGHOýLVýGHVLJQHGýWRýUXQýLQýWKHý:LQGRZVýRSHUDWLQJýHQYLURQPHQWï

6XPPDU\ý)HDWXUHVý¤ý,1'225ñý(;32685(ñý5,6.
(QYLURQPHQWDOýPHGLDã 8VHUðVSHFLILHGýLQGRRUýVRXUFHV
3ROOXWDQWVã 0XOWLSOHýFKHPLFDOVýDQGýUDGRQ
7LPHýVFDOHã $QQXDOýDYHUDJH
6WRFKDVWLFã 1R
9DULDELOLW\ã <HV
8QFHUWDLQW\ã 1R



$33(1',;ý%
&203$5,621î&5,7,48(ý2)ý(;32685(ý02'(/6

129(0%(5ýìäää 75,0ï(;32ý76'ýõ'5$)7ô%ðè

%ïëïë 0$95,4ýõ0RGHOýIRUý$QDO\VLVýRIý9RODWLOHVýDQGý5HVLGHQWLDOý,QGRRUý$LUý4XDOLW\ô

7KHý0RGHOýIRUý$QDO\VLVýRIý9RODWLOHVýDQGý5HVLGHQWLDOý,QGRRUý$LUý4XDOLW\ýõ0$95,4ýô
õ:LONHVýHWýDOïýìääëôýZDVýGHYHORSHGýMRLQWO\ýDWý&DUQHJLHý0HOORQý8QLYHUVLW\ýDQGýWKHý8QLYHUVLW\ýRI
3LWWVEXUJKïýý,WýLVýDýFRPSDUWPHQWDOýPDVVýEDODQFHýPRGHOýWKDWýZDVýGHYHORSHGýWRýDGGUHVVýKXPDQ
H[SRVXUHýWRýYRODWLOHýRUJDQLFýFRPSRXQGVýUHOHDVHGýIURPýVKRZHUVýDQGýRWKHUýKRXVHKROGýZDWHUýXVHVïý
,Qý0$95,4ñýWKHýLQGRRUýHQYLURQPHQWýLVýGLYLGHGýLQWRýPXOWLSOHýFRPSDUWPHQWVýZLWKýFRQVWDQWýRU
YDU\LQJýDLUýIORZVïýý%DVHGýRQýZDWHUýVXSSO\ýFRQFHQWUDWLRQVýDVýDQýLQSXWñý0$95,4ýDFFRXQWVýIRU
SROOXWDQWýJHQHUDWLRQñýFKHPLVWU\ñýDQGýWUDQVSRUWýNLQHWLFVýDQGýFKDUDFWHULVWLFVýRIýWKHýH[SRVHG
LQGLYLGXDOýõLïHïñýZDWHUýXVHýDFWLYLW\ñýORFDWLRQñýEUHDWKLQJýUDWHVôï

6XPPDU\ý)HDWXUHVý¤ý0$95,4
(QYLURQPHQWDOýPHGLDã *URXQGýRUýVXUIDFHýZDWHU
3ROOXWDQWVã 9RODWLOHýRUJDQLFýFRPSRXQGV
7LPHýVFDOHã 6KRUWðWHUPýWRýORQJðWHUPýõaýìýKRXUýWRýFRQWLQXRXVô
6WRFKDVWLFã <HVýõEXWñýRQO\ýIRUýSDUWVýRIýWKHýPRGHOô
9DULDELOLW\ã <HVýõPXVWýEHýHQWHUHGýUHSHWLWLYHO\ô
8QFHUWDLQW\ã 1R

%ïëïê &217$0ýõYDULRXVýYHUVLRQVô

7KHý1DWLRQDOý,QVWLWXWHýRIý6WDQGDUGVýDQGý7HFKQRORJ\ýõ1,67ôýKDVýRYHUýWKHýSDVWýVHYHUDO
\HDUVýGHYHORSHGýDýVHULHVýRIýSXEOLFýGRPDLQýFRPSXWHUýSURJUDPVýIRUýFDOFXODWLQJýDLUýIORZýDQG
SROOXWDQWýGLVSHUVDOýLQýPXOWLð]RQHýEXLOGLQJVñýLQFOXGLQJý&217$0åçñý&217$0åæñýDQG
&217$0äéïýý7KHVHýSURJUDPVýWDNHýDýPXOWLð]RQHýQHWZRUNýDSSURDFKýWRýDLUIORZýDQDO\VLVïýý$LUIORZ
SDWKVýLQFOXGHýGRRUZD\VñýVPDOOýFUDFNVýLQýWKHýEXLOGLQJýHQYHORSHñýDQGýDýVLPSOHýPRGHOýRIýWKHýDLU
KDQGOLQJýV\VWHPïýý&217$0äéñýWKHýPRVWýUHFHQWýYHUVLRQýRIý&217$0ñýZRUNVýRQýDQý,QWHO�ðEDVHG
3&ýLQýWKHý'26ýHQYLURQPHQWïýý$ýJUDSKLFDOýLQWHUIDFHýLVýXVHGýWRýFUHDWHýDQGýHGLWýEXLOGLQJ
GHVFULSWLRQVïýý)XWXUHýYHUVLRQVýRIýWKLVýSURJUDPýDUHýH[SHFWHGýWRýLQFOXGHýWKHýFDSDELOLW\ýIRUýFDUU\LQJ
RXWýH[SRVXUHýDVVHVVPHQWVï

6XPPDU\ý)HDWXUHVý¤ý&217$0
(QYLURQPHQWDOýPHGLDã 8VHUðVSHFLILHGýLQGRRUýVRXUFHV
3ROOXWDQWVã *HQHULF
7LPHýVFDOHã 6KRUWýWHUPýWRýORQJðWHUPýõaýìýKRXUýWRýFRQWLQXRXVô
6WRFKDVWLFã 1R
9DULDELOLW\ã 1R
8QFHUWDLQW\ã 1R

%ïëïé $0(0ýõ$'/ý0LJUDWLRQý([SRVXUHý0RGHOô

7KHý$'/ý0LJUDWLRQý([SRVXUHý0RGHOýZDVýGHYHORSHGýE\ý(3$©Vý2IILFHýRIý3ROOXWLRQ
3UHYHQWLRQýDQGý7R[LFVýõ2337ôýWRýHVWLPDWHýWKHýPLJUDWLRQýRIýFKHPLFDOVýIURPýSRO\PHULFýPDWHULDOV
VXFKýDVýWHOHYLVLRQýFDELQHWVñýZDWHUýSLSHVñýFXUWDLQýEDFNLQJVñýSODVWLFýWR\VñýRUýRWKHUýSURGXFWV
FRQWDLQLQJýSRO\PHUVýLQýKRPHýHQYLURQPHQWVýZKHUHýWKHVHýFKHPLFDOVýFRXOGýEHFRPHýVRXUFHVýRI
LQGRRUýDLUýSROOXWLRQýRUýFRQWDPLQDWHýSRWDEOHýZDWHUïýý2QFHýWKHýIUDFWLRQýRIýFKHPLFDOýWKDWýFDQýPLJUDWH
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IURPýDýSURGXFWýLVýHVWLPDWHGñýH[WHUQDOýPRGHOVýFDQýEHýXVHGýWRýHVWLPDWHýWKHýH[SRVXUHVýDQGýULVNýWR
SHRSOHýIURPýFRQWDPLQDWHGýLQGRRUýDLUýRUýZDWHUïýý7KHý$0(0ýSURYLGHVýHVWLPDWHVýIRUýVFUHHQLQJð
OHYHOýDVVHVVPHQWVýZKHQýGDWDýDUHýQRWýDYDLODEOHïýý7KHýJRDOýRIýWKHýPRGHOýLVýWRýLGHQWLI\
FRQFHQWUDWLRQVýWKDWýUHVXOWýLQýSRVVLEOHýKHDOWKýFRQFHUQVýWRýMXVWLI\ýIXUWKHUýHPLVVLRQýWHVWLQJýRIýWKH
SURGXFWýIRUýSRO\PHULFýPDWHULDOVï

6XPPDU\ý)HDWXUHVý¤ý$0(0
(QYLURQPHQWDOýPHGLDã ,QGRRUýHQYLURQPHQW
3ROOXWDQWVã &KHPLFDOVýHPLWWHGýE\ýSROPHULFýPDWHULDOV
7LPHýVFDOHã 6KRUWýWHUP
6WRFKDVWLFã 1R
9DULDELOLW\ã 1R
8QFHUWDLQW\ã 1R
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%ïê +80$1ý,1+$/$7,21ý(;32685(ý02'(/6

0RVWýKXPDQýH[SRVXUHýPRGHOVýKDYHýWKHýFDSDELOLW\ýWRýWUDFNýKXPDQVñýHLWKHUýDVýLQGLYLGXDOV
RUýLQýJURXSVýõLïHïñýFRKRUWVìôýWKURXJKýWKHLUýGDLO\ýURXWLQHVïýý7KHýWUDFNLQJýSURFHVVýLQFOXGHVýNQRZLQJ
ZKHUHýWKHýSHUVRQýLVñýZKDWýWKH\ýDUHýGRLQJýõLïHïñýWKHLUýDFWLYLWLHVñýLQFOXGLQJýNQRZOHGJHýRIýWKH
SK\VLFDOýGHPDQGýWKDWýWKHýSHUVRQýLVýH[HUWLQJýGXULQJýDQýDFWLYLW\ôñýDQGýWKHýFRQFHQWUDWLRQýRIýWKH
SROOXWDQWVýWKDWýWKH\ýFRPHýLQWRýFRQWDFWýZLWKýDVýWKH\ýPRYHýDERXWï

:LWKýWKHýNQRZOHGJHýWKDWýRXWGRRUýDLUýSROOXWDQWVýDUHýDEOHýWRýSHQHWUDWHýLQWRýWKHýLQWHULRUýRI
EXLOGLQJVýDQGýWKDWýPDQ\ýDLUýSROOXWDQWVýDUHýHPLWWHGýE\ýERWKýRXWGRRUýDQGýLQGRRUýVRXUFHVñýDýJUHDW
GHDOýRIýZRUNýKDVýIRFXVHGýRQýFRPELQLQJýWKHýIHDWXUHVýRIýERWKýLQGRRUýDQGýRXWGRRUýH[SRVXUHýPRGHOVïý
7KHVHýPRGHOVýGLIIHUýLQýWKHLUýDSSURDFKñýEXWýDOOýRIýWKHPýHVWLPDWHýH[SRVXUHVýWRýRXWGRRUýSROOXWDQWV
WKDWýSHQHWUDWHýLQWRýEXLOGLQJVïýý7KHýEXLOGLQJýW\SHýRIýJUHDWHVWýFRQFHUQýIRUýHVWLPDWLQJýLQGRRU
H[SRVXUHVýLVýSUREDEO\ýUHVLGHQWLDOýEXLOGLQJVïýý$ýQDWLRQDOýVWXG\ýRQýKXPDQýDFWLYLWLHVýIRXQGýWKDWýRQ
DYHUDJHñý8ï6ïýFLWL]HQVýVSHQGýçäýSHUFHQWýRIýWKHLUýWLPHýLQGRRUVýDWýKRPHýõ8ï6ïý(3$ýìääçDôïýý7KLV
SHUFHQWDJHýFDQýEHýKLJKHUýIRUýVRPHýVXEVHWVýRIýWKHýSRSXODWLRQâýIRUýH[DPSOHñýWKHýYHU\ý\RXQJýRUýWKH
HOGHUO\ïýý7KHUHIRUHñýLWýLVýLPSRUWDQWýWRýEHýDEOHýWRýPRGHOýWKHýSROOXWDQWVýRIýFRQFHUQýWRýKXPDQýKHDOWK
WKDWýFDQýSHQHWUDWHýDýEXLOGLQJ©VýVWUXFWXUHïýý7KHýPRGHOVýLQýWKLVýVHFWLRQýKDYHñýWKURXJKýYDULRXV
WHFKQLTXHVñýDWWHPSWHGýWRýGHYHORSýDQýLQWHJUDWHGýDVVHVVPHQWýRIýWKHýH[SRVXUHýPHFKDQLVPV
DVVRFLDWHGýZLWKýDLUERUQHýSROOXWDQWVýIURPýERWKýLQGRRUýDQGýRXWGRRUýVRXUFHVïýý'HVFULSWLRQVýRIýWKH
PRGHOVýDUHýSURYLGHGýEHORZï

%ïêïì 1(0ýDQGýS1(0ý>7KHýõSUREDELOLVWLFôý1DWLRQDOý$PELHQWý$LUý4XDOLW\ý6WDQGDUGV
([SRVXUHý0RGHOV@

7KHý(3$ýKDVýXVHGýWKHý1(0ýPRGHOLQJýPHWKRGRORJ\ýVLQFHýWKHýODWHýìäæíVýZKHQýWKUHH
SROOXWDQWðVSHFLILFýYHUVLRQVýRIýWKHý1$$46ý([SRVXUHý0RGHOýõ1(0ôýZHUHýGHYHORSHGýIRUýR]RQH
õ2êôñýFDUERQýPRQR[LGHýõ&2ôñýDQGýSDUWLFXODWHýPDWWHUïýý7KHýHDUO\ýYHUVLRQVýRIýWKHý1(0ýZHUH
UHIHUUHGýWRýDVý¦GHWHUPLQLVWLF§ýDVýWKH\ýGLGýQRWýDWWHPSWýWRýPRGHOýWKHýUDQGRPýSURFHVVHVýRIýSHRSOH©V
DFWLYLWLHVýDVýSDUWýRIýWKHýH[SRVXUHýVLPXODWLRQïýý7KHýPRGHOVýVLPXODWHýWKHýPRYHPHQWVýRIýVSHFLILF
VXEJURXSVýRUýFRKRUWVýZLWKLQýDýSRSXODWLRQýWKURXJKý]RQHVýRIýYDU\LQJýDLUýTXDOLW\ïýý(DFKý]RQHýLV
W\SLFDOO\ýGHILQHGýE\ýDýJHRJUDSKLFýORFDWLRQýDQGýDýPLFURHQYLURQPHQWïýý7KHýPRYHPHQWVýRIýHDFK
FRKRUWýDUHýGHWHUPLQHGýE\ýWKHýXVHýRIýDFWLYLW\ýGLDU\ýGDWDýVSHFLILFýWRýWKHýGHPRJUDSKLFýFKDUDFWHULVWLFV
RIýWKHýFRKRUWïýý7KHýDFWLYLW\ýGDWDýDUHýDOVRýVSHFLILFýWRýGD\ýRIýWKHýZHHNñýVHDVRQñýDQGýWHPSHUDWXUHïý
'HSHQGLQJýRQýWKHýDSSOLFDWLRQñýFRKRUWýPRYHPHQWVýPD\ýDFFRXQWýIRUýWULSVýWRýZRUNýSODFHVýRUýWR
VFKRROVï

)URPýLWVýLQFHSWLRQñ1(0ýZDVýGHVLJQHGýWRýWUHDWýKXPDQýH[SRVXUHýWRýDLUERUQHýSROOXWDQWVýDVýD
WLPHýVHULHVýRIýDýMRLQWýVHWýRIýKXPDQýDFWLYLWLHVýRFFXUULQJýLQýDýSDUWLFXODUýPLFURHQYLURQPHQWýDQGýDLU
TXDOLW\ýõDVýPHDVXUHGýE\ýWKHýFRQFHQWUDWLRQýRIýDýSROOXWDQWôýLQýWKDWýVDPHýPLFURHQYLURQPHQWïý
0DLQWDLQLQJýWKHýWLPHýVHULHVýDOORZVýHVWLPDWHVýIRUýDOWHUQDWLYHýH[SRVXUHýDQGýGRVHýPHWULFVýWRýEH
GHYHORSHGñýDýFDSDELOLW\ýWKDWýKDVýSURYHQýLQYDOXDEOHýõ0F&XUG\ýìääæôï
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,QýìäååñýWKHý0RQWHý&DUORýWHFKQLTXHýIRUýUDQGRPO\ýVHOHFWLQJýLPSRUWDQWýYDULDEOHVýZDV
LQFRUSRUDWHGýLQWRýWKHýPRGHOýVLPXODWLRQVïýý7KHVHýPRGHOVýZHUHýUHIHUUHGýWRýDVý¦SUREDELOLVWLF§ýDQG
KHQFHýDUHýNQRZQýDVýSUREDELOLVWLFý1(0ñýRUýS1(0ïýý7KHýPRGHOVýDUHýSROOXWDQWýVSHFLILFïýý7R
LGHQWLI\ýRQHýYHUVLRQýRIýWKHýPRGHOýIURPýDQRWKHUñýWKHýFKHPLFDOýV\PEROýLVýDSSHQGHGýWRýWKHýS1(0ð
DFURQ\PâýKHQFHñýWKHýPRGHOýIRUýR]RQHýLVýS1(0î2êýDQGýIRUýFDUERQýPRQR[LGHýLVýS1(0î&2ïý
7KHVHýWZRýPRGHOVýDUHýWKHýPRVWýFRPPRQO\ýXVHGýS1(0ýPRGHOVýWRGD\ïýý'HYHORSLQJýWKH
SUREDELOLVWLFýYHUVLRQVýRIýWKHýPRGHOýZDVýDQýLPSRUWDQWýVWHSýEHFDXVHýLWýPHDQWýWKDWýWKHýHQWLUH
GLVWULEXWLRQýRIýDYDLODEOHýGDWDýIRUýHDFKýYDULDEOHýLQýDýPRGHOýFRXOGýQRZýEHýXVHGïýý7KLVýPDNHVýLW
HDVLHUýWRýDGGUHVVýYDULDELOLW\ýDQGýXQFHUWDLQW\ýUHJDUGLQJýWKHýYDULDEOHVýWKDWýZHUHýLQýWKHýPRGHO
õ0F&XUG\ýìääæôïýý

7KHýILUVWýS1(0ýGHYHORSHGýZDVýWKDWýIRUýR]RQHñýRUýS1(0î2êïýý7KHýHDUO\ýS1(0î2êýXVHGýD
UHJUHVVLRQðEDVHGýUHODWLRQVKLSýWRýHVWLPDWHýLQGRRUýFRQFHQWUDWLRQVýRIýR]RQHýXVLQJýFRQFHQWUDWLRQV
PHDVXUHGýRXWGRRUVïýý7KHQñýLQýìääìñýDýQHZýYHUVLRQýRIýS1(0ýDSSOLFDEOHýWRýFDUERQýPRQR[LGH
õS1(0î&2ôýZDVýGHYHORSHGýõ-RKQVRQýHWýDOïýìääëEôïýý7KLVýPRGHOýZDVýWKHýILUVWýWRýXVHýDýPDVV
EDODQFHýPRGHOýWRýHVWLPDWHýLQGRRUýSROOXWDQWýFRQFHQWUDWLRQVïýý7KHýPDVVýEDODQFHýPRGHOýLVýEDVHGýRQ
WKHýJHQHUDOL]HGýPDVVýEDODQFHýPRGHOýSUHVHQWHGýE\ý1DJGDýHWýDOïýõìäåæôïýý,QýJHQHUDOýWHUPVñýWKHýPDVV
EDODQFHýPRGHOýFDQýEHýGHVFULEHGýDVãýý

7KHýFKDQJHýLQýLQGRRUýSROOXWLRQýFRQFHQWUDWLRQý ý
WKHýSROOXWDQWýHQWHULQJýIURPýRXWVLGH

òýWKHýLQGRRUýJHQHUDWLRQýRIýSROOXWDQW
¥ýSROOXWDQWýOHDYLQJýWKHýLQGRRUýPLFURHQYLURQPHQW

¥ýUHPRYDOýRIýWKHýSROOXWDQWýE\ýDQýDLUýFOHDQLQJýGHYLFH
¥ýGHFD\ýRIýWKHýSROOXWDQWýLQGRRUVï

$QRWKHUýYHUVLRQýRIýWKHýS1(0î2êýVRRQýIROORZHGýZKLFKýDOVRýXVHGýDýPDVVýEDODQFHýPRGHOýWR
HVWLPDWHýLQGRRUýR]RQHýFRQFHQWUDWLRQVïýý6HYHUDOýRWKHUýUHILQHPHQWVýZHUHýLQFOXGHGýLQýWKLVýQHZ
YHUVLRQýRIýWKHýS1(0î2êïýý6RPHýRIýWKHVHýLQFOXGHýWKHýXVHýRIýPRUHýUHFHQWýFHQVXVýGDWDýIRU
GHWHUPLQLQJýGHPRJUDSKLFýLQIRUPDWLRQñýDýQHZýFRPPXWLQJýDOJRULWKPñýDQGýDQýLQFUHDVHýLQýWKH
QXPEHUýRIýIL[HGðVLWHýPRQLWRUVýDEOHýWRýUHSUHVHQWýHDFKýXUEDQýDUHDï

(DUO\ýLQýìääéñýDýVSHFLDOýYHUVLRQýRIýS1(0î2êýDSSOLFDEOHýWRýRXWGRRUýZRUNHUVýZDV
GHYHORSHGýDQGýXVHGýWRýHVWLPDWHýR]RQHýH[SRVXUHVýIRUýRXWGRRUýZRUNHUVýLQýVHYHUDOýFLWLHVýLQýWKHý8ï6ï
õ-RKQVRQýHWýDOïýìääçFôïýý,QýDýIROORZðXSýHIIRUWñýDQRWKHUýYHUVLRQýRIýS1(0î2êýVSHFLILFýWRýFKLOGUHQ
ZKRýZHUHýDFWLYHýLQýRXWGRRUýDFWLYLWLHVýZDVýGHYHORSHGýõ-RKQVRQýHWýDOïýìääçFôï

0RUHýUHFHQWO\ñýHQKDQFHPHQWVýKDYHýEHHQýFRPSOHWHGýRQýWKHýS1(0î&2ïýý7KHýODWHVWýYHUVLRQ
RIýWKHýPRGHOýLVýS1(0î&2ýõ9HUVLRQýëïíôïýý,PSURYHPHQWVýWRýWKLVýPRGHOýLQFOXGHýWKHýXVHýRIýDQ
H[SDQGHGýKXPDQýDFWLYLW\ýGDWDEDVHïýý7KLVýGDWDEDVHýLVýFDOOHGýWKHý&RPSUHKHQVLYHý+XPDQý$FWLYLW\
'DWDEDVHýõ&+$'ôýõ0F&XUG\ýìäääôïýý7KHý&+$'ýLVýFRPSULVHGýRIýRYHUýìæñíííýSHUVRQðGD\VýRI
DFWLYLW\ýSDWWHUQýGDWDïýý7KHýGDWDýKDYHýEHHQýFROOHFWHGýDQGýRUJDQL]HGýIURPýHLJKWýKXPDQýDFWLYLW\
SDWWHUQýVXUYH\Vïýý7KHý&+$'ýFRQWDLQVýWKHýVHTXHQWLDOýSDWWHUQVýRIýDFWLYLWLHVýIRUýHDFKýLQGLYLGXDOñ
ZKLFKýLVýSDUWLFXODUO\ýLPSRUWDQWýWRýHVWLPDWLQJýWKHýGRVHýSURILOHýIRUý&2ýE\ýWKHýPRGHOïýý$QRWKHU
HQKDQFHPHQWýWRýS1(0î&2ýõ9HUVLRQýëïíôýLVýWKHýLQFOXVLRQýRIýDýVSHFLDOýFRPPXWLQJýGDWDEDVH
GHYHORSHGýE\ýWKHý%XUHDXýWKHýPRGHOýIRUýFUHDWLQJýDQý¦RULJLQðGHVWLQDWLRQ§ýWDEOHýWRýLQGLFDWHýWKH
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SDWWHUQVýRIýFRPPXWLQJýWULSVýPDGHýE\ýZRUNLQJýFRKRUWVýDPRQJýWKHýGHILQHGýH[SRVXUHýGLVWULFWV
õ-RKQVRQýHWýDOïýìäääôï

,PSURYHPHQWVýKDYHýEHHQýPDGHýWRýERWKýWKHýDOJRULWKPVýDQGýLQSXWVýWRýWKHýPDVVýEDODQFH
PRGHOýLQýS1(0î&2ýõYHUïýëïíôïýý7KHýS1(0î&2ýPHWKRGRORJ\ýLQFOXGHVýDýPDVVýEDODQFHýPRGHOñ
ZKLFKýLVýXVHGýWRýHVWLPDWHý&2ýFRQFHQWUDWLRQVýZKHQýDýFRKRUWýLVýDVVLJQHGýWRýDQýLQGRRUýRUýPRWRU
YHKLFOHýPLFURHQYLURQPHQWïýý7KHýPDVVýEDODQFHýPRGHOýLVýEDVHGýRQýWKHýJHQHUDOL]HGýPDVVýEDODQFH
PRGHOýSUHVHQWHGýE\ý1DJGDýHWýDOïýõìäåæôïýý$VýRULJLQDOO\ýSURSRVHGñýWKLVýPRGHOýDVVXPHGýWKDW
SROOXWDQWýFRQFHQWUDWLRQýGHFD\VýLQGRRUVýDWýDýFRQVWDQWýUDWHïýý)RUýXVHýLQýS1(0î&2ñýWKHý1DJGD
PRGHOýZDVýUHYLVHGýWRýLQFRUSRUDWHýDQýDOWHUQDWLYHýDVVXPSWLRQýWKDWýWKHýLQGRRUýGHFD\ýUDWHýLV
SURSRUWLRQDOýWRýWKHýLQGRRUýFRQFHQWUDWLRQýõ-RKQVRQýHWýDOïýìäääôïýý7KLVýDOWHUQDWLYHýDVVXPSWLRQýLV
EHOLHYHGýWRýPRUHýFORVHO\ýPRGHOýWKHýDFWXDOýGHFD\ýUDWHýWKDWýWDNHVýSODFHýLQGRRUVïýý,QýDGGLWLRQñýQHZ
GDWDEDVHVýDQGýLPSURYHGýDOJRULWKPVýKDYHýEHHQýLQFOXGHGýIRUýGHWHUPLQLQJýDLUýH[FKDQJHýUDWHVñýWKH
SUREDELOLW\ýRIýJDVýVWRYHýXVHñýJDVýVWRYHðEXUQHUýHPLVVLRQýUDWHVñýSLORWýOLJKWýHPLVVLRQýUDWHVñýDQG
UHVLGHQWLDOýYROXPHVýXVHGýLQýWKHýPDVVýEDODQFHýPRGHOýõ-RKQVRQýHWýDOïýìäääôï

7KHýS1(0î2êýDQGýS1(0î&2ýDUHýSDUWýRIýDýVPDOOýJURXSýRIýH[SRVXUHýPRGHOVýLQýZKLFK
DWWHPSWVýKDYHýEHHQýPDGHýWRýHYDOXDWHýWKHLUýUHVXOWVýXVLQJýSHUVRQDOýH[SRVXUHýPRQLWRULQJýGDWDïý
-RKQVRQýHWýDOïýõìääçFôýGHVFULEHVýLQLWLDOýHIIRUWVýWRýHYDOXDWHýWKHýS1(0î2êïýý,QýWKLVýHIIRUWñýS1(0î2ê

H[SRVXUHýHVWLPDWHVýIRUý+RXVWRQñý7H[DVýZHUHýFRPSDUHGýZLWKýSHUVRQDOýH[SRVXUHýPRQLWRULQJýGDWD
FROOHFWHGýLQýìäåìýGXULQJýWKHý+RXVWRQý$VWKPDWLFý6WXG\ýõ+$6ôýõ6WRFNýHWýDOïýìäåèôïýý$ýVSHFLDO
YHUVLRQýRIýWKHýS1(0î2êýZDVýFUHDWHGñýZKLFKýFRUUHVSRQGHGýWRýWKHýGDWDýFROOHFWLRQýFULWHULDýIRUýWKH
+$6ïýý5HVXOWVýZHUHýFRPSDUHGýIRUýGLVWULEXWLRQVýRIýERWKýRQHðKRXUýR]RQHýH[SRVXUHýHVWLPDWHVýDQG
RQHðKRXUýGDLO\ýPD[LPXPýR]RQHýH[SRVXUHýHVWLPDWHVïýý,QýJHQHUDOñýWKHýUHVXOWVýVXJJHVWHGýWKDWýWKH
PRGHOýRYHUSUHGLFWHGýWKHý+$6ýH[SRVXUHVýLQýWKHýUDQJHýEHORZýæíýSSEýDQGýXQGHUSUHGLFWHG
H[SRVXUHVýDERYHýæíýSSEïýý'HYHORSHUVýRIýWKHýS1(0î2êýEHOLHYHGýWKDWýWKHýH[SRVXUHýHVWLPDWHVýRIýWKH
PRGHOýZHUHýSDUWLFXODUO\ýVHQVLWLYHýWRýWKHýGLVWULEXWLRQýRIýR]RQHýGHFD\ýUDWHVýXVHGýLQýWKHýPRGHO©V
PDVVýEDODQFHýDOJRULWKPýõ-RKQVRQýHWýDOïýìääçFôï

'XULQJýHDUO\ýPRGHOýGHYHORSPHQWñýWKHýH[HFXWLRQýRIýWKHýS1(0ýVHULHVýRIýPRGHOVýZDV
FRQGXFWHGýRQO\ýRQýDQý(3$ýPDLQIUDPHýFRPSXWHUýEHFDXVHýRIýWKHýODUJHýLQSXWýDQGýRXWSXWýGDWDýILOHV
UHTXLUHGýWRýUXQýWKHýPRGHOïýý+RZHYHUñýLQýWKHýVXPPHUýRIýìäääñýS1(0î&2ýõ9HUVLRQýëïíôýZDV
PLJUDWHGýõWKDWýLVýWUDQVIHUUHGôýWRýUXQýRQýDý3&ïýý2$436ýDQGý25'©Vý1(5/ýDUHýFRQWLQXLQJýWR
VXSSRUWýHIIRUWVýWRýLPSURYHýWKHýHIILFLHQF\ýRIýS1(0ýRQýDý3&ýDQGýWRýSURYLGHýGRFXPHQWDWLRQýDQG
XVHU©VýJXLGHVýIRUýWKHý3&ýYHUVLRQïýý7KHýGRFXPHQWDWLRQýDQGýFRGHýIRUýWKHý3&ýYHUVLRQýRIýS1(0î&2
VKRXOGýEHýDYDLODEOHýIRUýSXEOLFýUHOHDVHýLQýëíííï

7KHýS1(0î&2ýõ9HUVLRQýìôýZDVýHYDOXDWHGýXVLQJý&2ýH[SRVXUHýGDWDýFROOHFWHGýGXULQJýWKH
'HQYHUý3HUVRQDOý([SRVXUHý0RQLWRULQJý6WXG\ýFRQGXFWHGýGXULQJýWKHýZLQWHUýRIýìäåëîåêýõ$NODQGýHW
DOïýìäåèôïýý5HVHDUFKHUVýDQDO\]HGýWKHý'HQYHUýGDWDýWRýGHWHUPLQHýWKHýRQHðKRXUýGDLO\ýPD[LPXPýDQG
WKHýåðKRXUýGDLO\ýPD[LPXPý&2ýH[SRVXUHVýDVVRFLDWHGýZLWKýHDFKýSHUVRQðGD\ýRIýGDWDïýý7KHQñýWKH
S1(0î&2ýZDVýUXQýWRýVLPXODWHýWKHýFRQGLWLRQVýRIýWKHý'HQYHUý3HUVRQDOý([SRVXUHý0RQLWRULQJ
6WXG\ïýý7KHýH[SRVXUHýHVWLPDWHVýIURPýWKLVýDSSOLFDWLRQýZHUHýWDEXODWHGýDFFRUGLQJýWRýWKH
FODVVLILFDWLRQýRIýHDFKýFRKRUWýZLWKýUHVSHFWýWRýWKHýW\SHýRIýFRRNLQJýIXHOýXVHGýõLïHïñýQDWXUDOýJDVýRU
RWKHUôïýý7KHýUHVHDUFKHUVýIRXQGýUHODWLYHO\ýJRRGýDJUHHPHQWýEHWZHHQýWKHýREVHUYHGýDQGýHVWLPDWHG
GLVWULEXWLRQVýIRUýWKHýRQHðKRXUýGDLO\ýPD[LPXPýDQDO\VHVñýH[FHSWýIRUýWKHýYDOXHVýDERYHýWKHýääWK
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SHUFHQWLOHïýý7KH\ýGLGýQRWýILQGýDVýJRRGýDJUHHPHQWýEHWZHHQýWKHýREVHUYHGýDQGýHVWLPDWHG
GLVWULEXWLRQVýIRUýWKHýHLJKWðKRXUýGDLO\ýPD[LPXPýH[SRVXUHVïýý7KHýUHVHDUFKHUVýUHSRUWHGýWKDWýLQýHDFK
FDVHñýWKHýGLVWULEXWLRQýREWDLQHGýIURPýS1(0î&2ýRYHUHVWLPDWHGýWKHýH[SRVXUHýYDOXHVýDWýORZ
H[SRVXUHVýDQGýXQGHUHVWLPDWHGýWKHýH[SRVXUHýYDOXHVýDWýKLJKýH[SRVXUHVïýý7KHýUHVHDUFKHUVýSRLQWýRXW
WKDWýWKHýHVWLPDWHGýDQGýREVHUYHGýGLVWULEXWLRQVýIRUýWKHýHLJKWðKRXUýGDLO\ýPD[LPXPýH[SRVXUHVýDJUHHG
PRVWýFORVHO\ýLQýWKHýUDQJHýRIý&2ýFRQFHQWUDWLRQVýEHWZHHQýèýDQGýìëýSSPýõ-RKQVRQýHWýDOïýìääëEôï

7KHýS1(0î&2ýõ9HUVLRQýìôýZDVýHYDOXDWHGýVLPLODUO\ýWRýWKHý-RKQVRQýHWýDOïýõìääëEô
HYDOXDWLRQýHIIRUWýEXWýZLWKýWKHýDGGLWLRQDOýXVHýRIýWKHý.ROPRJRURYð6PLUQRYýWHVWýVWDWLVWLFýWRýFRPSDUH
WKHýREVHUYHGýDQGýVLPXODWHGýFXPXODWLYHýIUHTXHQF\ýGLVWULEXWLRQVýIRUýWKHýRQHðKRXUýGDLO\ýPD[LPXP
H[SRVXUHýõì'0(ôýDQGýWKHýHLJKWðKRXUýGDLO\ýPD[LPXPýPRYLQJýDYHUDJHýH[SRVXUHýõå'0(ôýõ/DZýHW
DOïýìääæôïýý$ýVLPLODUýHIIHFWýWRýWKDWýVHHQýLQýWKHýHYDOXDWLRQýRIýWKHýS1(0î2êýRFFXUUHGýIRU
S1(0î&2ïýý)RUýì'0(ñýWKHýS1(0î&2ýH[SRVXUHýHVWLPDWHVýDJUHHGýPRVWýFORVHO\ýZLWKýREVHUYHG
H[SRVXUHVýZLWKLQýWKHýPLGGOHýRIýWKHýGLVWULEXWLRQâýWKDWýLVñýLQýWKHýUDQJHýRIýDSSUR[LPDWHO\ýçýWRýìê
SSPïýý+RZHYHUñýWKHýPRGHOýRYHUHVWLPDWHGýYDOXHVýDWýORZýH[SRVXUHVýõLïHïñýOHVVýWKDQýçýSSPôýDQG
XQGHUHVWLPDWHGýYDOXHVýDWýKLJKýH[SRVXUHVýõLïHïñýJUHDWHUýWKDQýìêýSSPôïýý)RUýå'0(ñýWKHýHVWLPDWHG
H[SRVXUHVýDJUHHGýZHOOýZLWKýREVHUYHGýH[SRVXUHVýLQýWKHýUDQJHýRIý&2ýFRQFHQWUDWLRQVýEHWZHHQýDERXW
èïèýDQGýæýSSPïýý+RZHYHUñýWKHýPRGHOýRYHUHVWLPDWHGýYDOXHVýEHORZýèïèýSSPýDQGýXQGHUHVWLPDWHG
YDOXHVýDERYHýæýSSPýõ/DZýHWýDOïýìääæôï

%ïêïë +$3(0ýõ7KHý+D]DUGRXVý$LUý3ROOXWDQWý([SRVXUHý0RGHOô

,QýìäåèñýWKHý(3$©Vý2IILFHýRIý0RELOHý6RXUFHVýõ206ôýGHYHORSHGýDýPRGHOýIRUýHVWLPDWLQJ
KXPDQýH[SRVXUHýWRýQRQUHDFWLYHýSROOXWDQWVýHPLWWHGýE\ýPRELOHýVRXUFHVïýý7KLVýPRGHOýLVýVLPLODUýWR
WKHýS1(0ýLQýWKDWýLWýVLPXODWHGýWKHýPRYHPHQWVýRIýSRSXODWLRQýJURXSVýEHWZHHQýKRPHýDQGýZRUN
ORFDWLRQVýDQGýWKURXJKýYDULRXVýPLFURHQYLURQPHQWVïýý+RZHYHUñýWKH\ýGLIIHUHGýLQýWKHýWHPSRUDO
UHVROXWLRQýXVHGýIRUýH[SUHVVLQJýWKHýH[SRVXUHýHVWLPDWHVïýý7KHýS1(0ýSURYLGHGýKRXUO\ýH[SRVXUH
HVWLPDWHVýZKLFKýFRXOGýEHýDYHUDJHGýRYHUýORQJHUýWLPHýSHULRGVñýZKHUHDVýWKHý+$3(0ýSURYLGHG
DQQXDOýDYHUDJHýH[SRVXUHýHVWLPDWHVïýý7KHý+$3(0ýLQFOXGHGýDýIDFLOLW\ýIRUýHVWLPDWLQJýFDQFHU
LQFLGHQFHýWKURXJKýWKHýXVHýRIýULVNýIDFWRUVýGHYHORSHGýE\ýWKHý(3$ñýEXWýWKHýS1(0ýGRHVýQRWýLQFOXGH
WKLVýFDSDELOLW\ï

7KHQñýLQýìääìñý206ýH[WHQGHGýWKLVýPRGHOLQJýPHWKRGRORJ\ýWRýHVWLPDWHýDQQXDOýDYHUDJH
FDUERQýPRQR[LGHýõ&2ôýH[SRVXUHVýLQýXUEDQýDQGýUXUDOýDUHDVýXQGHUýVSHFLILHGýFRQWUROýVFHQDULRVïýý7KH
PRGHOýZDVýQRZýFDOOHGýWKHý+D]DUGRXVý$LUý3ROOXWDQWý([SRVXUHý0RGHOýIRUý0RELOHý6RXUFHV
õ+$3(0ð06ôïýý7KHýDQQXDOýDYHUDJHý&2ýH[SRVXUHVýFRXOGýEHýXVHGýWRýHVWLPDWHýDQQXDOýDYHUDJH
H[SRVXUHVýWRýYDULRXVýKD]DUGRXVýDLUýSROOXWDQWVýDVVRFLDWHGýZLWKýPRELOHýVRXUFHVïýý,QýHDFKýFDVHñýLW
ZDVýQHFHVVDU\ýWRýDVVXPHýWKDWýWKHýDQQXDOýDYHUDJHýH[SRVXUHýWRýDýSDUWLFXODUýKD]DUGRXVýDLUýSROOXWDQW
ZDVýOLQHDUO\ýSURSRUWLRQDOýWRýWKHýDQQXDOýDYHUDJHý&2ýH[SRVXUHïýý7KHýPRGHOýZDVýH[HFXWHGýIRU
VSHFLILHGýXUEDQýDUHDVýWKDWýKDGýDPELHQWýIL[HGðýWHý&2ýPRQLWRUVï

6KRUWO\ýDIWHUñýXQGHUýWKHýGLUHFWLRQýRIý(3$©Vý2IILFHýRIý5HVHDUFKýDQGý'HYHORSPHQWýõ25'ôñ
DQýHQKDQFHGýYHUVLRQýRIýWKHý+$3(0ð06ýZDVýGHYHORSHGïýý7KLVýPRGHOýZDVýODEHOHGýWKHý+$3(0ð
06ëïýý,WýVXEðGLYLGHGýWKHýDQQXDOýH[SRVXUHVýE\ýFDOHQGDUýTXDUWHUýõLïHïñýêðPRQWKýSHULRGVôýWRýEHWWHU
HVWLPDWHýH[SRVXUHVýWRýPRELOHýVRXUFHVýDVýDýFRQVHTXHQFHýRIýRXWGRRUýDLUýWHPSHUDWXUHïýý7KH
+$3(0ð06ëýDOVRýLQFUHDVHGýWKHýQXPEHUýRIýPLFURHQYLURQPHQWVýWRýêæñýLQFUHDVHGýWKHýQXPEHUýRI
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GHPRJUDSKLFýJURXSVëýWRýëêñýDQGýLQFUHDVHGýWKHýVL]HýRIýWKHýDFWLYLW\ýSDWWHUQýGDWDEDVHýõ-RKQVRQýHWýDOï
ìääêDôï

,QýìääçñýWKHý(3$©Vý25'ýIXUWKHUýHQKDQFHGýWKHý+$3(0ýE\ýFUHDWLQJýDQRWKHUýJHQHUDWLRQýRI
WKHýPRGHOýFDOOHGýWKHý+$3(0ð06êïýý7KHýHQKDQFHPHQWVýLQFOXGHGýDGGLQJýWKHýDELOLW\ýWRýFXVWRPL]H
WKHýGHPRJUDSKLFýJURXSVñýXSGDWLQJýWKHýFHQVXVýGDWDýE\ýXVLQJýWKHýìääíýFHQVXVñýDQGýGHYHORSLQJýDQ
DOJRULWKPýIRUýHVWLPDWLQJýDPELHQWýLPSDFWVýLQýUHVLGHQFHVýZLWKýDWWDFKHGýJDUDJHVýõ3DOPDýHWýDOïýìääçôï

8QWLOýWKHýVSULQJýRIýìääåñýH[HFXWLRQýRIýWKHý+$3(0ð06êýRSHUDWHGýRQO\ýRQýDQý(3$
PDLQIUDPHýFRPSXWHUïýý'XULQJýHDUO\ýPRGHOýGHYHORSPHQWñýWKLVýOLPLWDWLRQýZDVýQHFHVVDU\ýDVýWKH
PRGHOýUHTXLUHVýODUJHýGDWDýILOHVýIRUýVWRUDJHýDQGýODUJHýLQWHUQDOýDUUD\VýIRUýFDOFXODWLRQïýý7KHQñýE\
ìääåñýZLWKýDGYDQFHVýLQýFRPSXWLQJýWHFKQRORJ\ñýLWýEHFDPHýSRVVLEOHýWRýKDYHýWKHý+$3(0ð06ê
H[HFXWHGýRQýDý¦ZRUNVWDWLRQï§ýý7RýWKLVýHQGñýLQýWKHýVSULQJýRIýìääåñýWKHý+$3(0ð06êýZDVýPLJUDWHG
õWKDWýLVýWUDQVIHUUHGôýWRýWKHý81,;ýRSHUDWLQJýV\VWHPýRQýDýZRUNVWDWLRQïýý'XULQJýWKHýPLJUDWLRQñ
IXUWKHUýHQKDQFHPHQWVýWRýWKHýPRGHOýZHUHýPDGHñýLQFOXGLQJýDýQHZýWLPHðDFWLYLW\ýGDWDEDVHýGHULYHG
IURPýWKHý&+$'ñýDýQHZýDLUýTXDOLW\ýSURJUDPýWKDWýDXWRPDWLFDOO\ýVHOHFWVýVLWHVñýDQGýDýPRUHýHIILFLHQW
LPSOHPHQWDWLRQýRIýWKHýFRPPXWLQJýDOJRULWKPï

,PPHGLDWHO\ýDIWHUýWKHýUHOHDVHýRIýWKHý81,;ðYHUVLRQýRIýWKHý+$3(0ð06êñýWKHý25'ýDJDLQ
PDGHýVXEVWDQWLDOýLPSURYHPHQWVýWRýWKHýPRGHOïýý7KHýQHZHVWýPRGHOýKDGýWZRýGLVWLQFWýLPSURYHPHQWV
RYHUýWKHýìääåý81,;ðYHUVLRQïýý)LUVWñýWKHýDUHDOýH[WHQWýRIýWKHýPRGHOýZDVýH[SDQGHGýWRýLQFOXGHýWKH
HQWLUHýFRQWLJXRXVý8QLWHGý6WDWHVýDWýWKHýFHQVXVýWUDFWðOHYHOïýý,QýRUGHUýWRýPDNHýWKLVýSRVVLEOHñýWKH
VHFRQGýLQQRYDWLRQýWRýWKHýPRGHOýZDVýWKHýIDFLOLW\ýWRýXVHýPRGHOHGýDLUýTXDOLW\ýGDWDýDVýZHOOýDVý$,56
GDWDïýý:LWKýWKLVýLPSURYHPHQWñýWKHýPRGHOýIRUýWKHýILUVWýWLPHýZDVýDEOHýWRýGLUHFWO\ýHVWLPDWHýH[SRVXUHV
WRýKD]DUGRXVýDLUýSROOXWDQWVâýKHQFHñýWKHýPRGHOýZDVýUHQDPHGýDJDLQýE\ýGURSSLQJýWKHýPRELOHýVRXUFH
õð06ôýDFURQ\Pïýý7KLVýODWHVWýYHUVLRQýRIýWKHýPRGHOñýFDOOHGýWKHý+$3(0éñýKDVýRWKHUýHQKDQFHPHQWV
DVýZHOOïýý7KHVHýLQFOXGHýEURDGHUýIOH[LELOLW\ýLQýGHILQLQJýWKHýVWXG\ýDUHDýõWKLVýFDQýUDQJHýIURPýDýFHQVXV
WUDFWýXSýWRýWKHýHQWLUHýFRQWLJXRXVý8ï6ïôñýDQýXSGDWHGýGDWDEDVHýRIýWHPSHUDWXUHVñýDQýXSGDWHG
FRPPXWLQJýDOJRULWKPñýSRSXODWLRQýGDWDýIRUýDOOýFHQVXVýWUDFWVýLQýWKHýFRXQWU\ñýDQGýWKHýDELOLW\ýWR
FKDQJHýLQWHUQDOýPRGHOLQJýSDUDPHWHUVýVXFKýDVýWKHýQXPEHUýRIýPLFURHQYLURQPHQWVýDQGýWKH
GHPRJUDSKLFýJURXSýGHVLJQDWLRQVï

%ïêïê +$3(0ð36ýõ7KHý+D]DUGRXVý$LUý3ROOXWDQWý([SRVXUHý0RGHOýIRUý3RLQWý6RXUFHVô

7KHý+D]DUGRXVý$LUý3ROOXWDQWý([SRVXUHý0RGHOýIRUý3RLQWý6RXUFHVýõ+$3(0ð36ôýZDV
LQLWLDOO\ýGHYHORSHGýIRUý2$436ïýý,QýLWVýRULJLQDOýIRUPñý+$3(0ð36ýZDVýLQWHQGHGýWRýEHýDSSOLHGýWR
IDFWRULHVñýUHILQHULHVñýDQGýRWKHUýVWDWLRQDU\ýSRLQWýHPLVVLRQýVRXUFHVïýý7KHý+$3(0ð36ýUHTXLUHVýDQýDLU
TXDOLW\ýLQGLFDWRUýõHïJïñýDQQXDOýPHDQýFRQFHQWUDWLRQôýIRUýHDFKýSRLQWýLQýDýUHFHSWRUýJULGýVXUURXQGLQJ
WKHýSRLQWýVRXUFHýXQGHUýHYDOXDWLRQïýý5HFHSWRUýDLUýTXDOLW\ýYDOXHVýDUHýW\SLFDOO\ýGHWHUPLQHGýWKURXJK
WKHýXVHýRIýHPLVVLRQVýGDWDýDQGýDýGLVSHUVLRQýPRGHOïýý7KHý+$3(0ð36ýKDVýQRWýKDGýWKHýVDPH
H[WHQVLYHýHQKDQFHPHQWVýWKDWýWKHý+$3(0ð06ýKDVýKDGýVLQFHýWKHýHDUO\ýìääíVï
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/LNHýWKHý+$3(0ð06ñý+$3(0ð36ýGHILQHVýH[SRVXUHVýIRUýVHWVýRIýFRKRUWVïýý+RZHYHUñýWKH
SRSXODWLRQýRIýFRQFHUQýLQý+$3(0ð36ýLVýXVXDOO\ýGHILQHGýDVýDOOýSHUVRQVýUHVLGLQJýZLWKLQýDýVSHFLILHG
GLVWDQFHýIURPýDýSDUWLFXODUýHPLVVLRQýVRXUFHïýý7KHýSROOXWDQWýFRQFHQWUDWLRQVýDWýWKHýUHFHSWRUVýDUH
W\SLFDOO\ýHVWLPDWHGýE\ýWKHý,6&/7ýGLVSHUVLRQýPRGHOïýý,QSXWýGDWDýIRUýWKHý,6&/7ýPRGHOýLQFOXGH
ORFDOýPHWHRURORJLFDOýGDWDýDQGýDQýHVWLPDWHýRIýWKHýSROOXWDQWýHPLVVLRQVýIURPýWKHýVRXUFHïýý,QýDýW\SLFDO
+$3(0ð36ýDSSOLFDWLRQñýWKHý,6&/7ýPRGHOýLVýXVHGýWRýHVWLPDWHýWKHýDQQXDOýDYHUDJHýSROOXWDQW
FRQFHQWUDWLRQVýDWýWKHýFHQWURLGýRIýHDFKýRIýWKHýFHQVXVýXQLWVýXVHGýWRýGHILQHýWKHýKRPHýDQGýZRUN
GLVWULFWVýDQGýDWýUHJXODUO\ðVSDFHGýUHFHSWRUVýDORQJýWKHýHPLVVLRQýVRXUFHýSURSHUW\ýOLQHïýý7KHý+$3(0ð
36ýRXWSXWýSURYLGHVýDýKLVWRJUDPýRIýWKHýWRWDOýQXPEHUýRIýSHRSOHýH[SRVHGýDWýSROOXWDQWýFRQFHQWUDWLRQ
OHYHOýLQWHUYDOVïýý7KHý+$3(0ð36ýRXWSXWýDOVRýSURYLGHVýWKHýDQQXDOýFDQFHUýLQFLGHQFHýE\ýKRPH
GLVWULFWñýWKHýKRPHýGLVWULFWýSRSXODWLRQñýDQGýWKHýFDQFHUýLQFLGHQFHýSHUýPLOOLRQýLQGLYLGXDOVýIRUýHDFK
KRPHýGLVWULFWïýý)LQDOO\ñýWKHýRXWSXWýLQFOXGHVýWKHýYDOXHýDQGýFRKRUWýRIýWKHýPD[LPXPýH[SRVXUHýDQG
WKHýYDOXHVýDQGýKRPHýGLVWULFWVýRIýWKHýPD[LPXPýOLIHWLPHýFDQFHUýLQFLGHQFHýDQGýLQFLGHQFHýUDWH
õ-RKQVRQýHWýDOïýìääêEôï

%ïêïé $LU3([ýõ$LUý3ROOXWLRQý([SRVXUHý0RGHOô

7KHý$LU3([ýZDVýGHYHORSHGýDWýWKHý1DWLRQDOý,QVWLWXWHýRIý3XEOLFý+HDOWKýDQGýWKH
(QYLURQPHQWýLQýWKHý1HWKHUODQGVýDVýDýWRROýIRUýDQDO\]LQJýWKHýLQKDODWLRQýH[SRVXUHVýRIýWKHý'XWFK
SRSXODWLRQýWRýDLUýSROOXWDQWVïýý7KHýPRGHOýZDVýGHVLJQHGýWRýDVVHVVýDQGýHYDOXDWHýWKHýWLPHðýDQGýVSDFHð
GHSHQGHQF\ýRIýLQKDODWLRQýH[SRVXUHVýRIýKXPDQVïýý,WýFDQýEHýXVHGýWRýHYDOXDWHýLQGLYLGXDOVñýDVýZHOOýDV
SRSXODWLRQVýDQGýVXESRSXODWLRQVï

7KHý$LU3([ýHVWLPDWHVýSHUVRQDOýH[SRVXUHýIRUýRQHðKRXUýWLPHýLQWHUYDOVïýý7KHýH[SRVXUH
SDUDPHWHUVýFDOFXODWHGýLQFOXGHýõìôýWKHýSRWHQWLDOýH[SRVXUHýFRQFHQWUDWLRQVýõWKHýDLUýFRQFHQWUDWLRQýDVýD
IXQFWLRQýRIýWLPHýDQGýVSDFHýõLïHïñýPLFURHQYLURQPHQWVôôñýõëôýWKHýDFWXDOýH[SRVXUHýFRQFHQWUDWLRQýõWKH
FRQFHQWUDWLRQýWKDWýDýSHUVRQýPRYLQJýWKURXJKýWKHýPLFURHQYLURQPHQWýH[SHULHQFHVýDVýDýIXQFWLRQýRI
WLPHñýõêôýWKHýLQWDNHýUDWHýõWKHýUDWHýDWýZKLFKýDýSROOXWDQWýHQWHUVýWKHýUHVSLUDWRU\ýWUDFWýSHUýXQLWýWLPHñýõéô
WKHýVWDQGDUGL]HGýLQWDNHýUDWHýõWKHýLQWDNHýUDWHýVWDQGDUGL]HGýWRýWKHýWDUJHWýRUJDQýõHïJïñýOXQJñýERG\
PDVVôñýõèôýWKHýIUHTXHQF\ýDQGýWLPHýIUDFWLRQýWKDWýDýSHUVRQýLVýLQýFRQWDFWýZLWKýFRQFHQWUDWLRQVýDERYHýD
FHUWDLQýWKUHVKROGýYDOXHñýõçôýWKHýFULWLFDOýLQWDNHýõWKHýH[FHVVýLQWDNHýDWýH[SRVXUHýFRQFHQWUDWLRQVýDERYH
FULWLFDOýFRQFHQWUDWLRQVôýõ)UHLMHUýHWýDOïýìääæôïýý$YHUDJHVýIRUýHDFKýRIýWKHVHýYDULDEOHVýFDQýEHýREWDLQHG
IRUýDQýH[SRVXUHýSHULRGýE\ýLQWHJUDWLQJýWKHPýRYHUýWKHýZKROHýSHULRGýDQGýGLYLGLQJýE\ýWKHýWLPHýVSDQ
RIýWKHýSHULRGï

3RSXODWLRQýH[SRVXUHVýDUHýDSSUR[LPDWHGýE\ýUHSHDWLQJýLQGLYLGXDOýFDOFXODWLRQVýIRUýDýODUJH
VDPSOHýRIýLQGLYLGXDOVýWDNHQýUDQGRPO\ýIURPýWKHýZKROHýSRSXODWLRQïýý7KHýGLVWULEXWLRQýRIýWKH
FDOFXODWHGýLQGLYLGXDOýDYHUDJHýH[SRVXUHVýDUHýDSSUR[LPDWHGýIRUýWKHýZKROHýSRSXODWLRQýE\ýWKH
SUREDELOLW\ýGHQVLW\ýIXQFWLRQïýý$QDO\VLVýRIýWKHýGLVWULEXWLRQýLQýWHUPVýRIýSHUFHQWLOHVý\LHOGV
LQIRUPDWLRQýRQýWKHýPHGLDQñýDQGýH[WUHPHVýLQýWKHýH[SRVXUHýOHYHOVýDUHýTXDQWLILHGýE\ýWKHýìíWKýDQGýäíWK

SHUFHQWLOHVýõ)UHLMHUýHWýDOïýìääæôï

7KHýPRGHOýLWVHOIýFRQVLVWVýRIýWKUHHýPRGXOHVýDVVHPEOHGýLQýWKHý:LQGRZV�ýHQYLURQPHQWïýý7KH
SURJUDPýUHWULHYHVýGDWDýIURPýWZRýGDWDEDVHVýDQGýXVHVýQXPHURXVýFRPSRXQGýVSHFLILFýSDUDPHWHUVïý
'HIDXOWýYDOXHVýIRUýEHQ]HQHñý%õDô3ñýR]RQHñýDQGý30ýDUHýLQFOXGHGýLQýWKHýSURJUDPïýý8VHUVýFDQ
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RYHUULGHýWKHýGHIDXOWýYDOXHVýDQGýVXSSO\ýWKHLUýRZQýYDOXHVýIRUýWKHVHýIRXUýFRPSRXQGVñýDVýZHOOýDVýIRU
RWKHUýFRPSRXQGVïýý7KHýPDLQýPRGXOHýFDOFXODWHVýLQGLYLGXDOýH[SRVXUHýPHDVXUHVýIURPýWLPHðVHULHVýRI
DLUýTXDOLW\ýGDWDýDQGýKXPDQýDFWLYLW\ýSDWWHUQVïýý([SRVXUHVýDUHýHVWLPDWHGýLQýìèðPLQXWHýGLVFUHWHýWLPHð
VWHSVýIRUýYDULRXVýPLFURHQYLURQPHQWVïýý7KHý$LU3([ýFXUUHQWO\ýXVHVýDýGDWDEDVHýFRQWDLQLQJýéñäåè
GDLO\ýDFWLYLW\ýSDWWHUQVýZLWKýìèðPLQXWHýWLPHýUHVROXWLRQýIRUýWKHýSRSXODWLRQýLQýWKHý1HWKHUODQGVïý
7LPHýVHULHVýRIýDLUýTXDOLW\ýDUHýVXSSOLHGýZLWKýRQHðKUýUHVROXWLRQïýý$ýVHFRQGýPRGXOHýVHOHFWVýUHFRUGV
IURPýWKHýDFWLYLW\ýSDWWHUQýGDWDEDVHïýý,WýHVWLPDWHVýSRSXODWLRQýH[SRVXUHVýE\ýUHSHDWLQJýLQGLYLGXDO
H[SRVXUHýFDOFXODWLRQVýIRUýDOOýVHOHFWHGýDFWLYLW\ýSDWWHUQVýDQGýWKHQýFRPELQLQJýWKLVýLQIRUPDWLRQýWR
FRQVWUXFWýQRUPDOL]HGýIUHTXHQF\ýGLVWULEXWLRQVïýý$ýWKLUGýPRGXOHýGLVSOD\VýWKHýUHVXOWVýRIýWKHýH[SRVXUH
FDOFXODWLRQVýDQGýDQDO\]HVýWKHýGLVWULEXWLRQVýE\ýSHUFHQWLOHVïýý$QýLPSRUWDQWýIHDWXUHýLVýWKHýDELOLW\ýWR
DQDO\]HýWKHýVRFLRHFRQRPLFýFKDUDFWHULVWLFVýRIýWKHýLQGLYLGXDOVýKDYLQJýWKHýKLJKHVWýH[SRVXUHVýWR
HQDEOHýLGHQWLILFDWLRQýRIýKLJKýULVNýJURXSVï

%ïêïè +(0ýõ+XPDQý([SRVXUHý0RGHOô

,QýìäåíñýWKHý(3$©Vý2$436ýGHYHORSHGýWKHý+XPDQý([SRVXUHý0RGHOýõ+(0ôïýý7KHýPRGHO
ZDVýGHVLJQHGýWRýVFUHHQýSRLQWýVRXUFHVýRIýDLUýSROOXWDQWýHPLVVLRQVýHIILFLHQWO\ñýUDQNLQJýWKHýVRXUFHV
DFFRUGLQJýWRýWKHLUýSRWHQWLDOýFDQFHUýULVNVïýý7KHQñýLQýìääíñýDQýXSGDWHGýYHUVLRQýõ+(0ð,,ôýWKDWýKDG
DGGLWLRQDOýPRGHOLQJýFDSDELOLWLHVýQHHGHGýWRýDGGUHVVýLVVXHVýUHODWHGýWRýWKHýDQDO\VLVýRIýWR[LFýDLU
SROOXWDQWVýZDVýUHOHDVHGïýý7KHý+(0ð,,ýZDVýLQWHQGHGýIRUýXVHýLQýHYDOXDWLQJýSRWHQWLDOýKXPDQ
H[SRVXUHýDQGýULVNVýIURPýVRXUFHVýRIýWR[LFýDLUýSROOXWDQWVýõ8ï6ïý(3$ýìääìôïýý+(0ð,,ýUHWDLQHGýWKH
FDSDELOLW\ýRIýVFUHHQLQJýSRLQWýVRXUFHVýIRUýDýVLQJOHýSROOXWDQWýLQýRUGHUýWRýUDQNýVRXUFHVýDFFRUGLQJýWR
FDQFHUýULVNVïýý7KHý+(0ð,,ýDOVRýDOORZVýPRUHýUHILQHGýDQDO\VHVýRIýLQGLYLGXDOýSRLQWýVRXUFHVýDQG
VWXG\ýRIýHQWLUHýXUEDQýDUHDVýWKDWýLQFOXGHýPXOWLSOHýSRLQWýVRXUFHVñýPXOWLSOHýSROOXWDQWVñýDUHDýVRXUFHVñ
DQGýGHQVHýSRSXODWLRQýGLVWULEXWLRQVï

7KHý+(0ð,,ýXVHVýWKHý,QGXVWULDOý6RXUFHý&RPSOH[ý/RQJð7HUPýõ,6&/7ôý0RGHOýIRU
HVWLPDWLQJýGLVSHUVLRQïýý7KHý+(0ð,,ýDOVRýSURYLGHVýWKHýDELOLW\ýRIýPRYLQJýWKHýH[SRVHGýSRSXODWLRQ
LQWRýXSýWRýWHQýPLFURHQYLURQPHQWVïýý7KHVHýPD\ýLQFOXGHýLQGRRUVýDWýKRPHñýLQGRRUVýDWýZRUNñýLQ
WUDQVLWñýDQGýPRYHPHQWýRXWýRIýWKHýVWXG\ýDUHDïýý)RUýHDFKýDSSOLFDWLRQñýSDUDPHWHUVýFDQýEHýGHILQHGýIRU
LQGRRUðRXWGRRUýFRQFHQWUDWLRQýUDWLRVýIRUýHDFKýPLFURHQYLURQPHQWñýWKHýSHUFHQWDJHýRIýWKHýH[SRVHG
SRSXODWLRQýWRýEHýDVVLJQHGýWRýWKHýPLFURHQYLURQPHQWñýDQGýWKHýDPRXQWýRIýWLPHñýRQýDQýDQQXDOýEDVLVñ
HVWLPDWHGýWRýEHýVSHQWýLQýHDFKýPLFURHQYLURQPHQWïýý1HZýWRýWKLVýUHYLVHGýYHUVLRQýRIýWKHýPRGHOýLVýWKH
TXDQWLILFDWLRQýRIýVHYHUDOýNH\ýXQFHUWDLQWLHVïýý8VLQJýWKHý0RQWHý&DUORýWHFKQLTXHñýVL[ýLQSXWýYDULDEOHV
FDQýEHýGHVFULEHGýE\ýGLVWULEXWLRQVïýý7KH\ýDUHýWKHýXQLWýULVNýIDFWRUñýWKHýHPLVVLRQýUDWHñ
PLFURHQYLURQPHQWDOýFRQFHQWUDWLRQVñýWKHýWLPHýVSHQWýLQýDýPLFURHQYLURQPHQWñý\HDUVýVSHQWýLQýFXUUHQW
UHVLGHQFHñýDQGýWKHýYDULDELOLW\ýLQýFRQFHQWUDWLRQVýSUHGLFWHGýDWýWKHýUHFHSWRUVïýý$ýFKRLFHýRIýVHYHUDO
VWDWLVWLFDOýGLVWULEXWLRQVýFDQýEHýVHOHFWHGýIRUýHDFKýLQSXWýYDULDEOHï

7KHý+(0ð,,ýFRQWDLQVýDýOLPLWHGý67DELOLW\ý$5UD\ýõ67$5ôýGDWDEDVHýZLWKLQýWKHýPRGHOïý
&RPSOH[ýHPLVVLRQVýLQYHQWRULHVýFDQýDOVRýEHýPRGHOHGïýý7KLVýLQFOXGHVýPRGHOLQJýDUHDýVRXUFHVýõHïJïñ
PRELOHýVRXUFHVñýUHVLGHQWLDOýKHDWLQJôýVLPXOWDQHRXVO\ýZLWKýSRLQWýVRXUFHVïýý$ýFKRLFHýRIýJULGýV\VWHPVñ
LQFOXGLQJýDý&DUWHVLDQýJULGýWKDWýZLOOýDFFRPPRGDWHýDUHDVýZLWKýKLJKýSRSXODWLRQýGHQVLW\ýDQG
QXPHURXVýDLUýSROOXWLRQýVRXUFHVñýLVýRIIHUHGýIRUýFDOFXODWLQJýH[SRVXUHVïýý3RSXODWLRQýJURZWKýFDQýEH
VLPXODWHGñýHLWKHUýIURPýWKHýEDVHý\HDUýRIýWKHýSRSXODWLRQýGDWDEDVHýWRýWKHýFXUUHQWý\HDUýRUýWRýDýIXWXUH
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\HDUïýý7KHýPRGHOýDOORZVýWKHýXVHUýWRýDFFRXQWýIRUýGLIIHUHQFHVýEHWZHHQýPLFURHQYLURQPHQWVýõLïHïñ
LQGRRUýDQGýRXWGRRUýFRQFHQWUDWLRQVôïýý&HQVXVýFRYHUDJHVýDUHýIRUýWKHýHQWLUHý8ï6ïýDWýWKHýEORFNýJURXS
OHYHOïýý7KHýUHVXOWVýRIýWKHýPRGHO©VýRXWSXWýFDQýEHýVKRZQýJUDSKLFDOO\ï

%ïêïç 6+$3(ýõ6LPXODWLRQýRIý+XPDQý$FWLYLWLHVýDQGý3ROOXWDQWý([SRVXUHô

(3$©Vý25'ýGHYHORSHGýWKHý6LPXODWLRQýRIý+XPDQý$FWLYLWLHVýDQGý3ROOXWDQWý([SRVXUH
õ6+$3(ôýõ2WWýHWýDOïýìäååôïýý6+$3(ýJHQHUDWHVýFDUERQýPRQR[LGHýLQKDODWLRQýH[SRVXUHýSURILOHVýIRU
GLIIHUHQWýKXPDQýVXEJURXSVïýý,WýFRQVLGHUVýH[SRVXUHýWRýFDUERQýPRQR[LGHýLQýDLUýWKURXJKýWKH
LQKDODWLRQýSDWKZD\ýRQO\ïýý7KHýPRGHOýKDVýWZRýPDMRUýLQSXWýFRPSRQHQWVãýõìôýKXPDQýORFDWLRQ
SDWWHUQVñýDQGýõëôýPLFURHQYLURQPHQWDOýFDUERQýPRQR[LGHýFRQFHQWUDWLRQVïýý,WýPDWFKHVýDYDLODEOH
ORFDWLRQîDFWLYLW\ýGDWDýZLWKýHQYLURQPHQWDOýFRQFHQWUDWLRQýGDWDýWRýREWDLQýH[SRVXUHýSURILOHVýIRU
ëéðKRXUýSHULRGVïýý([SRVXUHýFRQFHQWUDWLRQVýDUHýREWDLQHGýE\ýDSSO\LQJýDýVXSHUSRVLWLRQýSULQFLSOHýWR
FRQWULEXWLRQVýIURPýWKHýDPELHQWýDQGýGLIIHUHQWýPLFURHQYLURQPHQWVïýý,QýDGGLWLRQýWRýWKHýOLPLWHG
HYDOXDWLRQVýFRQGXFWHGýRQýS1(0ñý6+$3(ýLVýRQHýRIýWKHýRQO\ýRWKHUýH[SRVXUHýPRGHOVýZKHUH
DWWHPSWVýZHUHýPDGHýWRýHYDOXDWHýWKHýPRGHO©VýHVWLPDWHVýXVLQJýSHUVRQDOýH[SRVXUHýGDWDïýý7KHý(3$©V
'HQYHUî:DVKLQJWRQñý'ï&ïýSHUVRQDOýH[SRVXUHýGDWDEDVHýZDVýXVHGýWRýWHVWýWKHýPRGHO©VýSUHGLFWLRQV
DJDLQVWýëéðKRXUýH[SRVXUHýSURILOHVýIRUýPRUHýWKDQýìñëííýSHUVRQVýõ2WWýHWýDOïýìäååôï

%ïêïæ %($0ýõ%HQ]HQHý([SRVXUHý$VVHVVPHQWý0RGHOô

7KHý%HQ]HQHý([SRVXUHý$VVHVVPHQWý0RGHO©Výõ%($0ôýLQLWLDOýGHYHORSPHQWýE\ý(3$©V
25'ýLQýWKHýODWHýìäåíVýZDVýVSXUUHGñýDWýOHDVWýLQýSDUWñýDVýDýUHVXOWýRIýEHQ]HQHýEHLQJýOLVWHGýDVýD
KD]DUGRXVýDLUýSROOXWDQWýE\ýWKHý&OHDQý$LUý$FWýDQGýEHFDXVHýEHQ]HQHýLVýUHJDUGHGýDVýDýKXPDQ
FDUFLQRJHQýõ8ï6ïý(3$ýìääíDôïýý7KHýPRGHOýXWLOL]HVýPLFURHQYLURQPHQWDOýEHQ]HQHýFRQFHQWUDWLRQ
GDWDýFRXSOHGýZLWKýKXPDQýDFWLYLW\ýSDWWHUQýGDWDýWRýHVWLPDWHýH[SRVXUHýWRýEHQ]HQHïýý7KHý%($0
HVWLPDWHVýEHQ]HQHýLQKDODWLRQýH[SRVXUHýSURILOHVýIRUýGLIIHUHQWýKXPDQýVXEJURXSVïýý,WýFRQVLGHUV
H[SRVXUHýWRýEHQ]HQHýLQýDLUýWKURXJKýWKHýLQKDODWLRQýSDWKZD\ýRQO\ïýý7KHýPRGHOýKDVýWKUHHýPDMRUýLQSXW
FRPSRQHQWVãýìôýKXPDQýORFDWLRQýSDWWHUQVñýëôýDPELHQWýõEDFNJURXQGôýEHQ]HQHýFRQFHQWUDWLRQVñýDQG
êôýPLFURHQYLURQPHQWDOýEHQ]HQHýFRQFHQWUDWLRQVïýý,WýPDWFKHVýDYDLODEOHýORFDWLRQîDFWLYLW\ýGDWDýZLWK
HQYLURQPHQWDOýFRQFHQWUDWLRQýGDWDýWRýREWDLQýH[SRVXUHýSURILOHVýIRUýëéðKRXUýSHULRGVïýý([SRVXUH
FRQFHQWUDWLRQVýDUHýREWDLQHGýE\ýDSSO\LQJýDýVXSHUSRVLWLRQýSULQFLSOHýWRýFRQWULEXWLRQVýIURPýWKH
DPELHQWýDQGýGLIIHUHQWýPLFURHQYLURQPHQWVïýý,QKDODWLRQýGRVHýLVýWKHQýREWDLQHGýE\ýDSSO\LQJ
LQKDODWLRQýUDWHýWRýH[SRVXUHýFRQFHQWUDWLRQVïýý7KHý%($0ýZDVýSDWWHUQHGýDIWHUýWKHý6LPXODWLRQýRI
+XPDQý$LUý3ROOXWLRQý([SRVXUHýõ6+$3(ôýPRGHOï

7KHý7RWDOý([SRVXUHý$VVHVVPHQWý0HWKRGRORJ\ýõ7($0ôýVWXGLHVýFRQGXFWHGýEHWZHHQýìäæä
DQGýìäååýE\ýWKHý8ï6ïý(3$ýKDYHýEHHQýFLWHGýDVýSURYLGLQJýWKHýLPSHWXVýIRUýGHYHORSLQJýDýKXPDQ
H[SRVXUHýDVVHVVPHQWýPRGHOýIRUýEHQ]HQHïýý7KHý7($0ýVWXGLHVýVWURQJO\ýLQGLFDWHGýWKDWýKXPDQ
H[SRVXUHýWRýFHUWDLQýFODVVHVýRIýYRODWLOHýRUJDQLFýFRPSRXQGVýõ92&ôñýLQFOXGLQJýEHQ]HQHñýRFFXUV
SULPDULO\ýZLWKLQýWKHýFRQILQHVýRIýYHU\ýUHVWULFWLYHýPLFURHQYLURQPHQWVñýSULPDULO\ýLQGRRUVñýEXW
RXWGRRUVýDVýZHOOïýý7KHý7($0ýVWXGLHVýDOVRýVXJJHVWHGýWKDWýWKHýWUDGLWLRQDOýPHWKRGýRIýHVWLPDWLQJ
H[SRVXUHVýWRýEHQ]HQHýõDVýZHOOýDVýPRVWý92&VôýGLGýQRWýDGHTXDWHO\ýDFFRXQWýIRUýWKHýFRQWULEXWLRQýRI
EHQ]HQHýIURPýVPDOOñýQHDUE\ýVRXUFHVïýý7KHUHIRUHñýWKHýGHYHORSHUVýRIýWKHý%($0ýHQGHDYRUHGýWR
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GHYHORSýDQýH[SRVXUHýVLPXODWLRQýPRGHOýIRUýEHQ]HQHýWKDWýXWLOL]HGýPLFURHQYLURQPHQWDOýEHQ]HQH
FRQFHQWUDWLRQVýGDWDýFRXSOHGýZLWKýKXPDQýDFWLYLW\ýSDWWHUQýGDWDýWRýHVWLPDWHýKXPDQýH[SRVXUHýWR
EHQ]HQHýõ8ï6ïý(3$ýìääíDñý8ï6ïý(3$ýìääêDôïýý7KHý%($0ýLVýRQHýRIýWKHýPRGHOVýLQFOXGHGýLQ
(3$©Vý7+(5GE$6(ýõVHHý6HFWLRQý%ïæïëôï

%ïêïå S+$3ýõSUREDELOLVWLFý+D]DUGRXVý$LUý3ROOXWDQWýH[SRVXUHýPRGHOô

7KHýSUREDELOLVWLFý+D]DUGRXVý$LUý3ROOXWDQWýõS+$3ôýH[SRVXUHýPRGHOýZDVýGHYHORSHGýE\ýWKH
(3$ýWRýHVWLPDWHýH[SRVXUHVýWRý+$3VýIRUýWKHýSRSXODWLRQýUHVLGLQJýLQýDýVSHFLILHGýVWXG\ýDUHDïýý7KH
PRGHOýXVHVýFHQVXVýGDWDñýDPELHQWýDLUýTXDOLW\ýGDWDñýPHWHRURORJLFDOýGDWDñýDQGýKXPDQýDFWLYLW\ýSDWWHUQ
GDWDýWRýVLPXODWHýH[SRVXUHVýWRýWKHýSRSXODWLRQýIURPýVHYHUDOýGLIIHUHQWý+$3Vïýý7KHýRULJLQDOýYHUVLRQ
RIýWKHýS+$3ýPRGHOýZDVýGHYHORSHGýIRUýDýPDLQIUDPHýFRPSXWLQJýV\VWHPïýý7KHýPDLQIUDPHýYHUVLRQ
ZDVýGHYHORSHGýDQGýXVHGýWRýHVWLPDWHýEHQ]HQHýH[SRVXUHVýWRýUHVLGHQWVýRIýDýVWXG\ýDUHDýLQý3KRHQL[ñ
$UL]RQDýIRUýWKHý\HDUýìääíïýý6XEVHTXHQWýWRýWKDWýGHYHORSPHQWñýDý3&ðYHUVLRQýRIýWKHýPRGHOýZDV
GHYHORSHGýDQGýWHVWHGýXVLQJýWKHýVDPHýVWXG\ýDUHDïýý7KHý3&ðYHUVLRQýRIýWKHýPRGHOýLVýFDOOHGñýS+$3ð
3&ïýý7KHýS+$3ð3&ýPRGHOýXWLOL]HVýDý*UDSKLFDOý8VHUý,QWHUIDFHýõ*8,ôýWRýSURYLGHýDý:LQGRZV�ðOLNH
HQYLURQPHQWýõ3DQJXOXULýHWýDOïýìääåôï

%ïêïä &3,(0ýõ&DOLIRUQLDý3RSXODWLRQý,QGRRUý([SRVXUHý0RGHOô

7KHý&DOLIRUQLDý3RSXODWLRQý,QGRRUý([SRVXUHý0RGHOýZDVýGHYHORSHGýIRUýWKHý&DOLIRUQLDý$LU
5HVRXUFHVý%RDUG©Výõ$5%ôý,QGRRUý3URJUDPýWRýHYDOXDWHýLQGRRUýH[SRVXUHVýIRUýWKHýJHQHUDO
&DOLIRUQLDýSRSXODWLRQýDVýZHOOýDVýFHUWDLQýVXEJURXSVýVXFKýDVýLQGLYLGXDOVýZKRýPD\ýEHýKLJKO\
VHQVLWLYHýWRýLQGRRUýDLUýSROOXWDQWVïýý7KHý$5%ýUHTXLUHGýDýPRGHOýZKLFKýFRXOGýHVWLPDWHýWKHýDYHUDJH
DQGýSHDNýLQGRRUýH[SRVXUHVýIRUýWKHýSRSXODWLRQýDQGýVHQVLWLYHýVXEJURXSVïýý7KHý&3,(0ýFRPELQHV
LQGRRUýDLUýFRQFHQWUDWLRQýGLVWULEXWLRQVýZLWKý&DOLIRUQLDQV©ýORFDWLRQýDQGýDFWLYLW\ýLQIRUPDWLRQýWR
SURGXFHýH[SRVXUHýDQGýGRVHýGLVWULEXWLRQVýIRUýGLIIHUHQWýW\SHVýRIýLQGRRUýHQYLURQPHQWVïýý7KLVýWDVNýLV
DFKLHYHGýWKURXJKýDý0RQWHý&DUORýVLPXODWLRQýZKHUHE\ýDýQXPEHUýRIýORFDWLRQîDFWLYLW\ýSURILOHVýWKDW
ZHUHýFROOHFWHGýLQý$5%ýVWXGLHVýDUHýFRPELQHGýZLWKýDLUERUQHýSROOXWDQWýFRQFHQWUDWLRQVýIRUýVSHFLILF
W\SHVýRIýPLFURHQYLURQPHQWVýõHïJïñýUHVLGHQFHVñýRIILFHýEXLOGLQJVôï

&RQFHQWUDWLRQýGLVWULEXWLRQVýIRUýPDQ\ýSROOXWDQWVýDQGýPLFURHQYLURQPHQWVýDUHýLQFOXGHGýLQ
WKHý&3,(0ýGDWDEDVHïýý+RZHYHUñýIRUýSROOXWDQWVýDQGýPLFURHQYLURQPHQWVýQRWýLQFOXGHGýLQýWKH
GDWDEDVHñýWKHý&3,(0ýSUHVHQWVýWZRýDOWHUQDWLYHVïýý7KHýILUVWýLVýWRýHVWLPDWHýLQGRRUýDLUýFRQFHQWUDWLRQ
GLVWULEXWLRQVýEDVHGýRQýGLVWULEXWLRQDOýLQIRUPDWLRQýIRUýPDVVýEDODQFHýSDUDPHWHUVýGHVFULEHGýEHORZïý
7KHýVHFRQGýLVýIRUýWKHýXVHUýWRýGLUHFWO\ýVSHFLI\ýFRQFHQWUDWLRQýGLVWULEXWLRQVïýý7KHýFRQFHQWUDWLRQ
YDOXHVýIRUýDýSDUWLFXODUýHQYLURQPHQWýDUHýWKHQýVDPSOHGýIURPýWKHýGLVWULEXWLRQVï

7KHýVLPXODWLRQýRIýLQGRRUýFRQFHQWUDWLRQVýDFFRXQWVýIRUýYDULRXVýW\SHVýRIýLQGRRUýVRXUFHVýDV
ZHOOýDVýRXWGRRUýFRQFHQWUDWLRQVñýDLUýH[FKDQJHýUDWHVñýDQGýORVVHVýWRýLQGRRUýVLQNVïýý7KHýFRQFHQWUDWLRQ
FRPSRQHQWýõFDOOHGýDýPRGXOHôýRIýWKHýPRGHOýXVHVýDýPDVVýEDODQFHýHTXDWLRQñýEDVHGýRQýWKHýSULQFLSOH
RIýFRQVHUYDWLRQýRIýPDVVñýWRýHVWLPDWHýFRQFHQWUDWLRQýGLVWULEXWLRQVýIRUýVSHFLILFýW\SHVýRIýLQGRRU
HQYLURQPHQWVýVXFKýDVýUHVLGHQFHVñýRIILFHVñýDQGýVFKRROVïýý7KLVýPRGXOHýVDPSOHVýYDOXHVýIURPýXVHUð
VSHFLILHGýGLVWULEXWLRQVýIRUýSDUDPHWHUVýVXFKýDVýHPLVVLRQýUDWHVýIRUýLQGRRUýVRXUFHVñýEXLOGLQJ
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YROXPHVñýRXWGRRUýDLUýFRQFHQWUDWLRQVñýDQGýLQGRRUðRXWGRRUýDLUýH[FKDQJHýUDWHVñýZKLFKýDUHýXVHGýDV
LQSXWVýWRýWKHýPDVVýEDODQFHýHTXDWLRQï

0XOWLSOLFDWLRQýRIýWKHýFRQFHQWUDWLRQýYDOXHVýE\ýEUHDWKLQJýUDWHVýGHWHUPLQHGýIURPýWKH
ORFDWLRQîDFWLYLW\ýSURILOHVýDQGýSXOPRQDU\ýYHQWLODWLRQýGDWDý\LHOGVýDQýHVWLPDWHýRIýWKHýSRWHQWLDO
LQKDOHGýGRVHýGLVWULEXWLRQýIRUýHDFKýPRGHOHGýHQYLURQPHQWïýý7KHýPRGHOýWKHQýDJJUHJDWHVýWKH
HQYLURQPHQWðVSHFLILFýH[SRVXUHýDQGýGRVHýHVWLPDWHVýWRýGHYHORSýGLVWULEXWLRQVýRIý¦WRWDOýLQGRRUýDLU§
H[SRVXUHVýDQGýGRVHVïýý7KDWýLVñýWKHýSRUWLRQýRIýWKHýWRWDOýõëéýKRXUôýH[SRVXUHîGRVHýDVVRFLDWHGýZLWK
WLPHýVSHQWýLQGRRUVïýý%HFDXVHýRXWGRRUVýDUHýLQFOXGHGýDVýRQHýRIýWKHýHQYLURQPHQWVýLQýWKHýPRGHOñýLWýLV
DOVRýSRVVLEOHýWRýVLPXODWHýWKHýWRWDOýõERWKýLQGRRUýDQGýRXWGRRUôýH[SRVXUHýDQGýGRVHýGLVWULEXWLRQV
õ&$5%ýìääåôï
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%ïé &21680(5ý352'8&7ý(;32685(ý02'(/6

$ýIHZýH[SRVXUHýPRGHOVýKDYHýEHHQýGHYHORSHGýWRýDVVHVVýSRWHQWLDOýH[SRVXUHVýDVVRFLDWHG
ZLWKýWKHýXVHýRIýKRXVHKROGýFRQVXPHUýSURGXFWVïýý7KLVýW\SHýRIýH[SRVXUHýPRGHOýLVýQRWýDVýQXPHURXV
DVýWKRVHýIRXQGýLQýWKHýSUHYLRXVýWKUHHýVHFWLRQVýEHFDXVHýWKHVHýPRGHOVýGHDOýVROHO\ýZLWKýSROOXWDQWV
HPLWWHGýE\ýWKHýFRQVXPHUýSURGXFWVïýý7KHýHPLVVLRQVýIURPýWKHVHýSURGXFWVýRFFXUVýSULPDULO\ýLQGRRUV
ZKHUHýUHODWLYHO\ýIHZýUHJXODWLRQVýH[LVWýIRUýFRQWUROOLQJýWR[LFýHPLVVLRQVïýý+RZHYHUñýXQOLNHýWKH
H[SRVXUHýPRGHOVýLQýWKHýSUHYLRXVýVHFWLRQýWKDWýHVWLPDWHGýH[SRVXUHVýH[FOXVLYHO\ýE\ýWKHýLQKDODWLRQ
URXWHñýWZRýRIýWKHýPRGHOVýLQýWKLVýVHFWLRQýFDQýDOVRýHVWLPDWHýH[SRVXUHVýE\ýLQJHVWLRQýDQGîRUýGHUPDO
FRQWDFWï

%ïéïì &216(;32ýõ&216XPHUý(;32VXUHý0RGHOô

7KHý&216XPHUýSURGXFWý(;32VXUHýPRGHOýõ&216(;32ôýõ9DQý9HHQýìääèôýGHYHORSHG
E\ýWKHý1DWLRQDOý,QVWLWXWHýRIý3XEOLFý+HDOWKýDQGýWKHý(QYLURQPHQWýõ5,90ôý>1HWKHUODQGV@ýXVHV
VLPSOHýH[SRVXUHýDQGýXSWDNHýPRGHOVýWRýDVVHVVýWKHýSRWHQWLDOýKHDOWKýLPSDFWVýRIýFRQVXPHUýSURGXFWVïý
,QýRUGHUýWRýFRSHýZLWKýWKHýGLYHUVLW\ýLQýFRQVXPHUýSURGXFWVñýLWýLVýEDVHGýRQýDýJHQHUDOýPRGHO
IUDPHZRUNýWKDWýSURYLGHVýDýJHQHUDOýVHWWLQJýIRUýZLGHO\ýGLIIHULQJýH[SRVXUHýVLWXDWLRQVñýDQGñýVHFRQGO\ñ
LWýRIIHUVýDýQXPEHUýRIýSUHGHILQHGýH[SRVXUHîXSWDNHýPRGHOVñýZKLFKýWKHýXVHUýFDQýOLQNýWRýEXLOGýD
FRPSOHWHýH[SRVXUHîXSWDNHýPRGHOïýý7KHýVWDUWLQJýSRLQWVýDUHýWKHýLQKDODWLRQñýGHUPDOñýDQGýLQJHVWLRQ
H[SRVXUHýSDWKZD\Vïýý)RUýHDFKýRIýWKHVHýSDWKZD\VñýDýOLPLWHGýQXPEHUýRIýPRGHOVýLVýDYDLODEOHýWR
PRGHOýH[SRVXUHîXSWDNHïýý7KHýSURJUDPýUHSRUWVýVHYHUDOýLPSRUWDQWýH[SRVXUHýYDULDEOHVñýQDPHO\ñýWKH
SHUýHYHQWýFRQFHQWUDWLRQñýWKHý\HDUO\ýDYHUDJHGýFRQFHQWUDWLRQñýWKHýIUDFWLRQýWDNHQýXSñýWKHýDPRXQW
WDNHQýXSýGXULQJýDý\HDUýõSHUý\HDUýDQGýVXPPHGôñýDQGýWKHýXSWDNHýSHUýNLORJUDPýERG\ýZHLJKWýSHUýGD\ïý
7KHýSURJUDPýDOVRýDOORZVýIRUýVWRFKDVWLFýSDUDPHWHUVñýLQýRUGHUýWRýSURSDJDWHýWKHýHIIHFWVýRIýYDULDEOH
DQGîRUýXQFHUWDLQýSDUDPHWHUVýWRýWKHýILQDOýH[SRVXUHîXSWDNHýHVWLPDWHVïýý,IýRQHýXVHVýWKHýVWRFKDVWLF
SDUDPHWHUVñýWKHýUHVXOWDQWýGLVWULEXWLRQVýFDQýEHýGLVSOD\HGýDQGýVWXGLHGï

%ïéïë 6&,(6ýõ6FUHHQLQJý&RQVXPHUý,QKDODWLRQý([SRVXUHý6RIWZDUHô

7KHý6FUHHQLQJý&RQVXPHUý,QKDODWLRQý([SRVXUHý6RIWZDUHýõ6&,(6ôýZDVýGHYHORSHGýWRýDVVLVW
WKHý(FRQRPLFVñý([SRVXUHñýDQGý7HFKQRORJ\ý'LYLVLRQýRIý8ï6ïý(3$öVý2IILFHýRIý3ROOXWLRQý3UHYHQWLRQ
DQGý7R[LFVýLQýSHUIRUPLQJýVFUHHQLQJðOHYHOýDVVHVVPHQWVýRIýWKHýSRWHQWLDOýGRVHýUDWHVýUHVXOWLQJýIURP
LQKDODWLRQýRIýQHZýDQGýH[LVWLQJýFKHPLFDOVýLQýFRQVXPHUýSURGXFWVïýý7KHýPRGHOýFDOFXODWHV
VFUHHQLQJðOHYHOýHVWLPDWHVýRIýDYHUDJHýLQGLYLGXDOýLQKDODWLRQýSRWHQWLDOýGRVHýUDWHVýWRýFRPSRQHQWVýRI
FRQVXPHUýSURGXFWVýWKDWýFDQýEHýFODVVLILHGýLQWRýììýGLIIHUHQWýSURGXFWýFDWHJRULHVïýý7KHýPRGHO
HVWLPDWHVýSRWHQWLDOýGRVHýUDWHVýIRUýERWKýDFWLYHO\ðH[SRVHGýXVHUVýRIýWKHýSURGXFWýDQG
SDVVLYHO\ðH[SRVHGýQRQðXVHUVïýý'HIDXOWýYDOXHVýDUHýVXJJHVWHGýIRUýHDFKýSDUDPHWHUýUHTXLUHGýWRýUXQýWKH
PRGHOýIRUýHDFKýSURGXFWýFDWHJRU\ïýý7KHVHýYDOXHVýDUHýEDVHGýRQýH[SRVXUHýVFHQDULRVñýYRODWLOLW\
FODVVLILFDWLRQVñýDQGýUHVLGHQFHýRFFXSDQF\ýSDWWHUQVïýý7KHýPRGHOýFRPELQHVýUHVXOWVýRIýDQýHIIRUWýWR
PHDVXUHýYHQWLODWLRQýIORZVýZLWKLQýUHVLGHQFHVýZLWKýDýëð]RQHýPDVVýEDODQFHýPRGHOýWRýDOORZ
HVWLPDWLRQýRIýSRWHQWLDOýGRVHýUDWHVýWRýERWKýFRQVXPHUýSURGXFWýXVHUVýDQGýQRQðXVHUVï
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%ïéïê '(50$/

'(50$/ýZDVýGHYHORSHGýWRýDVVLVWýWKHý(FRQRPLFVñý([SRVXUHñýDQGý7HFKQRORJ\ý'LYLVLRQýRI
8ï6ïý(3$öVý2IILFHýRIý3ROOXWLRQý3UHYHQWLRQýDQGý7R[LFVýLQýSHUIRUPLQJýVFUHHQLQJðOHYHOýDVVHVVPHQWV
RIýWKHýSRWHQWLDOýGRVHýUDWHVýUHVXOWLQJýIURPýGHUPDOýFRQWDFWýZLWKýFRQVXPHUýSURGXFWVýFRQWDLQLQJýQHZ
DQGýH[LVWLQJýFKHPLFDOVýLQýFRQVXPHUýSURGXFWVïýý7KHýPRGHOýFDOFXODWHVýVFUHHQLQJðOHYHOýHVWLPDWHVýRI
DQQXDOýLQGLYLGXDOýGHUPDOýSRWHQWLDOýGRVHýUDWHVýWRýFRPSRQHQWVýRIýìçýFRQVXPHUýSURGXFWýFDWHJRULHVï
([SRVXUHVýDUHýFDOFXODWHGýEDVHGýRQýWKHýZHLJKWýIUDFWLRQýRIýWKHýFKHPLFDOýRIýLQWHUHVWýLQýWKHýFRQVXPHU
SURGXFWýDQGýDVVXPLQJýGHSRVLWLRQýRIýDýILOPýRIýOLTXLGýRQýWRýWKHýGHUPDOýVXUIDFHýIURPýFRQWDFWýZLWK
WKHýSURGXFWïýý&RQVHUYDWLYHýGHIDXOWýYDOXHVýDUHýSURYLGHGýIRUýPRVWýRIýWKHýLQSXWýSDUDPHWHUVýUHTXLUHG
WRýUXQýWKHýPRGHOýIRUýHDFKýRIýWKHýìçýFRQVXPHUýSURGXFWýFDWHJRULHVï

%ïéïé 0&&(0ýõ0XOWLð&KDPEHUý&RQFHQWUDWLRQýDQGý([SRVXUHý0RGHOô

7KHý0&&(0ýLVýDQýLQWHUDFWLYHýPRGHOýGHYHORSHGýIRUýWKHý(3$©Vý2337ýDQGýXSGDWHGýIRUýWKH
(3$©Vý25'ïýý,WýDOORZVýXVHUVýWRýPRGHOýLQGRRUýDLUýFRQWDPLQDWLRQýIRUýXVHýLQýDVVHVVLQJýSRWHQWLDO
LQKDODWLRQýH[SRVXUHVýFDXVHGýE\ýFRQVXPHUýSURGXFWVïýý7KHýREMHFWLYHýRIý0&&(0ýLVýWRýDOORZýXVHUV
WRýEHýDEOHýWRýDVVHVVýWKHýULVNýIURPýH[SRVXUHýWRýSROOXWDQWVýHPLWWHGýE\ýFRQVXPHUýSURGXFWVïý7KH
PRGHOýXVHVýDýVSUHDGVKHHWýIRUPDWýWRýHVWLPDWHýLQGRRUýFRQFHQWUDWLRQVýIRUñýDQGýLQGLYLGXDOýH[SRVXUHV
WRñýFKHPLFDOVýUHOHDVHGýIURPýSURGXFWVýLQýUHVLGHQFHVïýý&RQFHQWUDWLRQVýFDQýEHýPRGHOHGýLQýDVýPDQ\
DVýIRXUý]RQHVýZLWKLQýDýKRXVHïýý7KHýPRGHOýFDQýVXSSO\ýDLUýH[FKDQJHýUDWHVýDQGýLQWHU]RQDOýDLUIORZV
IRUýGLIIHUHQWýW\SHVýRIýUHVLGHQFHVïýý7LPHðYDU\LQJýHPLVVLRQýUDWHVýFDQýEHýLQSXWýIRUýDýSROOXWDQWýLQýHDFK
]RQHýRIýWKHýUHVLGHQFHñýIRUýRXWGRRUýFRQFHQWUDWLRQVñýDQGýIRUýWKHý]RQHýZKHUHýDQýLQGLYLGXDOýLVýORFDWHGïý
,QýWKLVýZD\ñýWKHýPRGHOýGHYHORSVýDýWLPHðVHULHVýH[SRVXUHýSURILOHýIRUýWKHýLQGLYLGXDOï

7KHý0&&(0ýDOORZVýWKHýXVHUýWRýH[SORUHýWKHýVHQVLWLYLW\ýRIýWKHýPRGHOýUHVXOWVýWRýFKDQJHVýLQ
RQHýRUýPRUHýRIýWKHýLQSXWýSDUDPHWHUVïýý7KHýSDUDPHWHUVýWKDWýFDQýEHýPRGLILHGýLQýWKHýVHQVLWLYLW\
DQDO\VLVýLQFOXGHýWKHýLQILOWUDWLRQýUDWHñýWKHýVRXUFHýUDWHñýWKHýGHFD\ýUDWHñýDQGýWKHýRXWGRRU
FRQFHQWUDWLRQï
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%ïè ',(7$5<ý(;32685(ý02'(/6

%ïèïì '(30ýõ'LHWDU\ý([SRVXUHý3RWHQWLDOý0RGHOô

7KHý'LHWDU\ý([SRVXUHý0RGHOýõ'(30ôýLVýDýPRGHOýDQGýGDWDEDVHýV\VWHPýGHYHORSHGýE\ý8ï6ï
(3$öVý25'ýWRýFRUUHODWHýIRRGýLQIRUPDWLRQýLQýDýIRUPDWýIRUýGLHWDU\ýH[SRVXUHýPRGHOLQJïýý&XUUHQWO\ñ
WKHýGDWDEDVHýV\VWHPýLQFOXGHVýLQIRUPDWLRQýIURPýVHYHUDOýQDWLRQDOñýJRYHUQPHQWðVSRQVRUHGýVXUYH\V
DQGýPRQLWRULQJýSURJUDPVïýý,QýWKHýPRGHOñýIRRGýFRQVXPSWLRQýLVýEDVHGýRQýììýIRRGýJURXSVñ
FRQWDLQLQJýDSSUR[LPDWHO\ýåííýFRUHýIRRGýW\SHVñýHVWDEOLVKHGýIURPýRYHUýçèííýFRPPRQýIRRGýLWHPVïý
$ýXQLTXHýIHDWXUHýRIýWKHý'(30ýLVýWKHýXVHýRIýUHFLSHVñýGHYHORSHGýIRUýH[SRVXUHýDQDO\VLVñýWKDWýOLQN
FRQVXPSWLRQýVXUYH\ýGDWDýWRýWKHýSROOXWDQWýUHVLGXHýLQIRUPDWLRQïýý7KHýVXPPDU\ýGDWDEDVHVýDUH
DJJUHJDWHGýLQýDýIDVKLRQýWRýDOORZýWKHýDQDO\VWýVHOHFWLRQýRIýGHPRJUDSKLFýIDFWRUVñýVXFKýDVýDJHîVH[
JURXSVñýJHRJUDSKLFDOýUHJLRQVñýHWKQLFýJURXSVýDQGýHFRQRPLFýVWDWXVïýý7KHýPRGHOýZDVýGHYHORSHGýIRU
SHUVRQDOýFRPSXWHUVýZLWKýWKHýGDWDýILOHVýGHVLJQHGýLQýG%$6(ý,9ýZLWKý)R[3URýIRUý:LQGRZV
DSSOLFDWLRQVýSURJUDPVýIRUýTXHULHVýDQGýUHSRUWLQJï
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%ïç 08/7,0(',$ý(;32685(ý02'(/6

7KLVýVHFWLRQýSUHVHQWVýDýUHYLHZýRIýDýQXPEHUýRIýPXOWLPHGLDýPRGHOVýWKDWýDGGUHVVýH[SRVXUH
OLQNVýDPRQJýPXOWLSOHýDPELHQWýHQYLURQPHQWDOýPHGLDýDQGýPXOWLSOHýH[SRVXUHýPHGLDï

%ïçïì 7KHý([SRVXUHý&RPPLWPHQWý0HWKRG

2QHýRIýWKHýHDUOLHVWýDSSURDFKHVýIRUýV\VWHPDWLFDOO\ýDVVHVVLQJýPXOWLSDWKZD\ýH[SRVXUHVýWR
HQYLURQPHQWDOýSROOXWDQWVýLVýWHUPHGýWKHý([SRVXUHý&RPPLWPHQWý0HWKRGñýGHYHORSHGýE\ý%HQQHWW
õìäåìôïýý7KHýEDVLFýREMHFWLYHýRIýWKLVýDSSURDFKýLVýWRýFDOFXODWHýH[SRVXUHýFRPPLWPHQWVýõLïHïñ
SROOXWDQWýFRQFHQWUDWLRQýLQýKXPDQýWLVVXHôñýZKLFKýDUHýFDOFXODWHGýIURPýWUDQVIHUýIDFWRUVýWKDWýDUH
HVWLPDWHGýDVýWKHýUDWLRVýRIýWKHýVWHDG\ðVWDWHýFRQFHQWUDWLRQVýRIýDýSROOXWDQWýLQýDGMRLQLQJýFRPSDUWPHQWV
RIýDQýH[SRVXUHýSDWKZD\ïýý$QýH[SRVXUHýFRPPLWPHQWýLVýGHWHUPLQHGýE\ýPXOWLSO\LQJýWKHýWUDQVIHU
IDFWRUVýDVVRFLDWHGýZLWKýWKHýDGMRLQLQJýFRPSDUWPHQWVýRIýDýJLYHQýSDWKZD\ýRIýH[SRVXUHñýIRUýH[DPSOHâ
DLUýWRýSODQWVýWRýOLYHVWRFNýWRýGLHWïýý7KLVýPHWKRGýKDVýEHHQýDSSOLHGýWRýRUJDQLFýFKHPLFDOVýDQGýPHWDOVïý
7KHýSXEOLVKHGýDSSOLFDWLRQVýRIýWKHýH[SRVXUHýFRPPLWPHQWýPHWKRGRORJ\ýGHSHQGýRQýPHDVXUHG
FRQFHQWUDWLRQVýRIýWKHýVXEVWDQFHVýLQýGLIIHUHQWýFRPSDUWPHQWVýWRýHVWLPDWHýWUDQVIHUýIDFWRUVïýý7KH
UHWURVSHFWLYHýQDWXUHýRIýWKLVýDSSURDFKýOLPLWVýLWVýXVHIXOQHVVýIRUýSUHGLFWLQJýH[SRVXUHVýWRýFKHPLFDOV
IRUýZKLFKýWKHUHýLVýOLWWOHýRUýQRýPRQLWRULQJýGDWDýDYDLODEOHï

%ïçïë /D\WRQýHWýDOïýõìääëôý,QGRRUî2XWGRRUý$LUî6RLOý7UDQVSRUWý0RGHO

,QýUHFHQWý\HDUVýYDULRXVýUHVHDUFKHUVýKDYHýEHJXQýWRýPRGHOýDOJRULWKPVýWKDWýDGGUHVVýWKH
PRYHPHQWýRIýILQHýDQGýFRDUVHýSDUWLFOHVýLQýWKHýLQGRRUýHQYLURQPHQWýE\ýSURFHVVHVýVXFKýDV
UHVXVSHQVLRQñýGHSRVLWLRQñýDQGýVRLOýWUDFNLQJýõVHHý5DXQHPDDýHWýDOïýìäåäâý1D]DURIIýDQGý&DVVýìäåäâ
$OORWWýHWýDOïýìääëôïýý1HYHUWKHOHVVñýQRQHýRIýWKHVHýDOJRULWKPVýSURYLGHýDQýLQWHJUDWHGýVLPXODWLRQýRI
PDMRUýWUDQVSRUWýSURFHVVHVýDQGýLQGRRUîRXWGRRUýUHODWLRQVKLSVýIRUýWR[LFýVXEVWDQFHVýLQýDLUñýZDWHUýDQG
VRLOïýý,QýRUGHUýWRýHVWLPDWHýFRQFHQWUDWLRQVýRIýSROOXWDQWVýLQýWKHýPHGLDýLGHQWLILHGýKHUHñýRQHýQHHGVýDQ
LQGRRUýWUDQVSRUWýPRGHOýWKDWýVLPXODWHVýõìôýWKHýPRYHPHQWýRIýSROOXWDQWVýIURPýWKHýRXWGRRU
HQYLURQPHQWýõDLUýDQGýVRLOVôýWRýWKHýLQGRRUýHQYLURQPHQWýDQGýõëôýWKHýUHVXOWLQJýFRQFHQWUDWLRQVýLQ
LQGRRUýPHGLDýõDLUýDQGýIORRUýGXVWVôýUHVXOWLQJýIURPýERWKýRXWGRRUýDQGýLQGRRUýVRXUFHVýRIýWKHýWDUJHW
SROOXWDQWVïýý

/D\WRQýHWýDOïýõìääëôýKDYHýGHYHORSHGýIRUýSDUWLFOHýERXQGýUDGLRýQXFOLGHVýDýSROOXWDQWýWUDQVSRUW
PRGHOýWKDWýDFFRXQWVýIRUýõìôýWKHýPRYHPHQWýRIýSROOXWDQWVýIURPýWKHýRXWGRRUýHQYLURQPHQWýõDLUýDQG
VRLOVôýWRýWKHýLQGRRUýHQYLURQPHQWýDQGýõëôýWKHýUHVXOWLQJýOHYHOVýLQýKXPDQýFRQWDFWýPHGLDýõ)JîPëýRI
IORRUýGXVWýDQGý)JîPêýLQýDLUôýGHULYHGýIURPýERWKýRXWGRRUýDQGýLQGRRUýVRXUFHVïýý7KLVýPRGHOýFDQýEH
OLQNHGýGLUHFWO\ýWRýWKHýPXOWLPHGLDýPRGHOýWRýHYDOXDWHýLQGRRUîRXWGRRUýUHODWLRQVKLSVïýý7KLVýPRGHO
ZDVýXVHGýWRýHYDOXDWHýWKHýUHODWLYHýLPSRUWDQFHýRIýYDULRXVýNLQGVýRIýKXPDQýIDFWRUVýLQýPHGLDWLQJ
KXPDQýFRQWDFWVýZLWKýVXEVWDQFHVýLQýDLUýDQGýGXVWïýý7KHýORDGLQJýRIýVRLOîGXVWýRQýIORRUýVXUIDFHVýDQG
WKHýUHVXVSHQVLRQýRIýSDUWLFOHVýIURPýIORRUVñýIRUýH[DPSOHñýVKRXOGýLQFUHDVHýDVýWKHýQXPEHUýRI
KRXVHKROGýRFFXSDQWVýLQFUHDVHVïýý,QFUHDVHGýORDGLQJýRIýVRLOîGXVWýRQýIORRUVýVKRXOGýLQýWXUQýOHDGýWR
PRUHýFOHDQLQJîYDFXXPLQJýWKDWýUHGLVWULEXWHVýSROOXWDQWVýRQWRýFRQWDFWýVXUIDFHVýWKURXJKRXWýDýKRXVHïý
)RUýH[DPSOHñýWKHýWUDFNLQJðLQýSURFHVVñýYDFXXPLQJñýDQGýSDUWLFOHýSHQHWUDWLRQýRIýDýEXLOGLQJýVKHOOýWHQG
WRýSURGXFHýVPDOOHUýVL]HGýSDUWLFOHVýLQýWKHýLQGRRUýHQYLURQPHQWñýPDNLQJýWKHPýPRUHýELRDYDLODEOHï
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%ïçïê &DO72;ýõ&DOLIRUQLDý7RWDOý([SRVXUHý0RGHOýIRUý+D]DUGRXVý:DVWHý6LWHVô

7KHý'HSDUWPHQWýRIý7R[LFý6XEVWDQFHVý&RQWUROýõ'76&ôýZLWKLQýWKHý&DOLIRUQLD
(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ñýKDVýWKHýUHVSRQVLELOLW\ýIRUýPDQDJLQJýWKHý6WDWHöV
KD]DUGRXVðZDVWHýSURJUDPïýý$VýSDUWýRIýWKLVýSURJUDPñýWKHý'76&ýIXQGHGýWKHýGHYHORSPHQWýRIýWKH
&DO72;ýSURJUDPïýý&DO72;ýKDVýEHHQýGHYHORSHGýDVýDýVHWýRIýVSUHDGVKHHWýPRGHOVýDQGýVSUHDGVKHHW
GDWDýVHWVýWRýDVVLVWýDVVHVVLQJýKXPDQýH[SRVXUHVýDQGýGHILQLQJýVRLOýFOHDQðXSýOHYHOVýDWýXQFRQWUROOHG
KD]DUGRXVýZDVWHVýVLWHVýõ0F.RQHýìääêDñýEñýFôïýý0RUHýUHFHQWO\ñý&DO72;ýKDVýEHHQýPRGLILHGýIRUýXVH
LQýHVWDEOLVKLQJýZDVWHýFODVVLILFDWLRQýIRUýODQGILOOVýDQGýKD]DUGRXVýZDVWHýIDFLOLWLHVýLQý&DOLIRUQLDïý
&DO72;ýDGGUHVVHVýFRQWDPLQDWHGýVRLOVýDQGýWKHýFRQWDPLQDWLRQýRIýDGMDFHQWýDLUñýVXUIDFHýZDWHUñ
VHGLPHQWVñýDQGýJURXQGýZDWHUïýý7KHýPRGHOLQJýFRPSRQHQWVýRIý&DO72;ýLQFOXGHýDýPXOWLPHGLD
WUDQVSRUWýDQGýWUDQVIRUPDWLRQýPRGHOñýH[SRVXUHýVFHQDULRýPRGHOVñýDQGýDGGðLQVýWRýTXDQWLI\
XQFHUWDLQW\ýDQGýYDULDELOLW\ïýý7KHýPXOWLPHGLDýWUDQVSRUWýDQGýWUDQVIRUPDWLRQýPRGHOýLVýDýG\QDPLF
PRGHOýWKDWýFDQýEHýXVHGýWRýDVVHVVýWLPHðYDU\LQJýFRQFHQWUDWLRQVýRIýSROOXWDQWVýLQWURGXFHGýLQLWLDOO\ýWR
VRLOýOD\HUVýRUýIRUýSROOXWDQWVýUHOHDVHGýFRQWLQXRXVO\ýWRýDLUñýVRLOñýRUýZDWHUïýý7KLVýPRGHOýDVVLVWVýWKH
XVHUýLQýH[DPLQLQJýKRZýFKHPLFDOýDQGýODQGVFDSHýSURSHUWLHVýLPSDFWýERWKýWKHýXOWLPDWHýURXWHýDQG
TXDQWLW\ýRIýKXPDQýFRQWDFWïý0XOWLPHGLDñýPXOWLSOHýSDWKZD\ýH[SRVXUHýPRGHOVýDUHýXVHGýLQý&DO72;
WRýHVWLPDWHýDYHUDJHýGDLO\ýGRVHVýZLWKLQýDýKXPDQýSRSXODWLRQïý7KHýH[SRVXUHýPRGHOVýHQFRPSDVV
WZHQW\ðWKUHHýH[SRVXUHýSDWKZD\Vïýý7KHýH[SRVXUHýDVVHVVPHQWýSURFHVVýFRQVLVWVýRIýUHODWLQJýSROOXWDQW
FRQFHQWUDWLRQVýLQýWKHýPXOWLPHGLDýPRGHOýFRPSDUWPHQWVýWRýSROOXWDQWýFRQFHQWUDWLRQVýLQýWKHýPHGLD
ZLWKýZKLFKýDýKXPDQýSRSXODWLRQýKDVýFRQWDFWýõSHUVRQDOýDLUñýWDSýZDWHUñýIRRGVñýKRXVHKROGýGXVWV
VRLOVôï

%ïçïé 0062,/6ãý0XOWLPHGLDý&RQWDPLQDQWý)DWHñý7UDQVSRUWñýDQGý([SRVXUHý0RGHO

0062,/6ýZDVýGHYHORSHGýE\ý(3$©Vý25'ýWRýHVWLPDWHýWKHýKXPDQýH[SRVXUHýDQGýKHDOWK
ULVNýDVVRFLDWHGýZLWKýUHOHDVHVýRIýFRQWDPLQDWLRQýIURPýKD]DUGRXVýZDVWHýVLWHVýõ8ï6ïý(3$ýìääëGôïýý,W
LVýDýPXOWLPHGLDýPRGHOýDGGUHVVLQJýWKHýWUDQVSRUWýRIýDýFKHPLFDOýLQýJURXQGýZDWHUñýVXUIDFHýZDWHUñýVRLO
HURVLRQñýWKHýDWPRVSKHUHñýDQGýDFFXPXODWLRQýLQýIRRGïýý7KHýKXPDQýH[SRVXUHýSDWKZD\VýFRQVLGHUHGýLQ
WKHýPHWKRGRORJ\ýLQFOXGHãýVRLOýLQJHVWLRQñýDLUýLQKDODWLRQýRIýYRODWLOHVýDQGýSDUWLFXODWHVñýGHUPDO
FRQWDFWñýLQJHVWLRQýRIýGULQNLQJýZDWHUñýFRQVXPSWLRQýRIýILVKñýFRQVXPSWLRQýRIýSODQWVýJURZQýRQ
FRQWDPLQDWHGýVRLOñýDQGýFRQVXPSWLRQýRIýDQLPDOVýJUD]LQJýRQýFRQWDPLQDWHGýSDVWXUHïýý)RU
PXOWLPHGLDýH[SRVXUHVñýWKHýPHWKRGRORJ\ýSURYLGHVýHVWLPDWHVýRIýKXPDQýH[SRVXUHýWKURXJK
LQGLYLGXDOýSDWKZD\VýDQGýFRPELQHGýH[SRVXUHýWKURXJKýDOOýSDWKZD\VýFRQVLGHUHGïýý7KHýULVN
DVVRFLDWHGýZLWKýWKHýWRWDOýH[SRVXUHýGRVHýLVýFDOFXODWHGýEDVHGýRQýFKHPLFDOðVSHFLILFýWR[LFLW\ýGDWDïý
7KHýLQWHQGHGýXVHýRIý0062,/6ýLVýIRUýVFUHHQLQJýDQGýUHODWLYHýFRPSDULVRQýRIýGLIIHUHQWýZDVWHýVLWHVñ
UHPHGLDWLRQýDFWLYLWLHVñýDQGýKD]DUGýHYDOXDWLRQïýý7KHýPHWKRGRORJ\ýFDQýEHýXVHGýWRýSURYLGHýýDQ
HVWLPDWHýRIýKHDOWKýULVNVýIRUýDýVSHFLILFýVLWHñýEXWýWKHýXQFHUWDLQW\ýRIýWKHýHVWLPDWHGýULVNýPD\ýEHýTXLWH
ODUJHýõGHSHQGLQJýRQýWKHýVLWHýFKDUDFWHULVWLFVýDQGýDYDLODEOHýGDWDôýDQGýWKLVýXQFHUWDLQW\ýPXVWýEH
FRQVLGHUHGýLQýDQ\ýGHFLVLRQðPDNLQJýSURFHVVï

%ïçïè 5(65$'ýõ5(6LGXDOý5$'LDWLRQô

7KHý5HVLGHQWLDOý5DGLDWLRQýõ5(65$'ôýPRGHOýZDVýGHYHORSHGýE\ý$UJRQQHý1DWLRQDO
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/DERUDWRU\ýWRýHYDOXDWHýUHVLGXDOýFRQFHQWUDWLRQVýRIýUDGLRýQXFOLGHVýLQýVRLOñýFRQFHQWUDWLRQVýRI
DLUERUQHýUDGRQýGHFD\ýSURGXFWVñýH[WHUQDOýJDPPDýUDGLDWLRQýOHYHOVñýVXUIDFHýFRQWDPLQDWLRQýOHYHOVñ
DQGýUDGLRýQXFOLGHýFRQFHQWUDWLRQVýLQýDLUýDQGýZDWHUýDQGýWRýGHWHUPLQHýUDGLDWLRQýGRVHýDQGýH[FHVV
OLIHWLPHýFDQFHUýULVNVýWRýDQýRQðVLWHýUHVLGHQWýõDýPD[LPDOO\ýH[SRVHGýLQGLYLGXDOýRUýDýPHPEHUýRIýD
FULWLFDOýSRSXODWLRQýJURXSôï

5(65$'ýZDVýGHYHORSHGýIRUýWKHý8ï6ïý'2(ýDQGýLVýDFFHSWHGýIRUýXVHýLQýUHPHGLDOýDFWLRQ
DFWLYLWLHVïýý5(65$'ýGHWHUPLQHVýVLWHðVSHFLILFýUHVLGXDOýUDGLRDFWLYHýPDWHULDOýFOHDQXSýJXLGHOLQHV
EDVHGýRQýFDOFXODWLRQVýRIýWKHýUDGLDWLRQýGRVHýWRýK\SRWKHWLFDOýUHVLGHQWVýRUýZRUNHUVýRQýWKHýVLWHïý7KH
QLQHýHQYLURQPHQWDOýSDWKZD\VýFRQVLGHUHGýLQý5(65$'ýDUHýGLUHFWýH[SRVXUHñýGXVWýLQKDODWLRQñýUDGRQñ
DQGýLQJHVWLRQýRIýSODQWýIRRGVñýPHDWñýPLONñýDTXDWLFýIRRGVñýZDWHUñýDQGýVRLOïý

5(65$'ýFRGHýKDVýEHHQýDGDSWHGýWRýLQFOXGHýERWKýFKHPLFDOýDQGýUDGLRORJLFDOýKHDOWKýULVNVï
2WKHUýUHFHQWý5(65$'ýGHYHORSPHQWVýLQFOXGHýWKHýLQFRUSRUDWLRQýRIýXQFHUWDLQW\ýDQDO\VLVýDQG
GHFRQWDPLQDWLRQýDQGýGHFRPPLVVLRQLQJýDQDO\VLVýFDSDELOLWLHVïý7KHýGHYHORSPHQWýRIýWKHýFRGHýLV
IXQGHGýE\ýWKHý'2(ï

%ïçïç 86(6ýõ8QLILHGý6\VWHPýIRUýWKHý(YDOXDWLRQýRIý6XEVWDQFHVô

7KHý8QLIRUPý6\VWHPýIRUýWKHý(YDOXDWLRQýRIý6XEVWDQFHVýõ86(6ôýõ5,90ýìääéôñýZDV
GHYHORSHGýLQýWKHý1HWKHUODQGVýE\ýWKHý1DWLRQDOý,QVWLWXWHýRIý3XEOLFý+HDOWKýDQGýWKHý(QYLURQPHQW
õ5,90ôâý0LQLVWU\ýRIý+RXVLQJñý6SDWLDOý3ODQQLQJýDQGý(QYLURQPHQWýõ9520ôâýDQGýWKHý0LQLVWU\ýRI
:HOIDUHñý+HDOWKñýDQGý&XOWXUDOý$IIDLUVýõ:9&ôïýý86(6ýSURYLGHVýDýVLQJOHýIUDPHZRUNýIRUýFRPSDULQJ
WKHýSRWHQWLDOýULVNVýRIýGLIIHUHQFHýFKHPLFDOýVXEVWDQFHVýUHOHDVHGýWRýPXOWLSOHýPHGLDýRIýWKH
HQYLURQPHQWïýý,WýLVýDQýLQWHJUDWHGýPRGHOLQJýV\VWHPýWKDWýLQFOXGHVýPXOWLSOHýHQYLURQPHQWDOýPHGLD
DQGýPXOWLSOHýKXPDQýH[SRVXUHýSDWKZD\Vïýý7KHýH[SRVXUHýDVVHVVPHQWýLQý86(6ýVWDUWVýZLWKýDQ
HVWLPDWHýRIýVXEVWDQFHýHPLVVLRQVýWRýZDWHUñýVRLOñýDQGýDLUýGXULQJýWKHýYDULRXVýOLIHðF\FOHýVWDJHVýRIýD
VXEVWDQFHýDQGýIROORZVýLWVýVXEVHTXHQWýGLVWULEXWLRQýLQýWKHýWRWDOýHQYLURQPHQWïýý7KHýUHVXOWýRIýWKLVýW\SH
RIýPXOWLðPHGLDýDVVHVVPHQWýDUHýWKHý3UHGLFWHGý(QYLURQPHQWDOý&RQFHQWUDWLRQVýõ3(&VôýDQGýDQ
HVWLPDWHýRIýWKHýGDLO\ýLQWDNHýE\ýKXPDQýUHFHSWRUVïýý,QýJHQHUDOñý3(&VýDUHýFRPSDUHGýWRýûQRðHIIHFWVû
OHYHOVýIRUýRUJDQLVPVýLQýWKHýHQYLURQPHQWñýZKLFKýDUHýGHULYHGýE\ýH[WUDSRODWLQJýVLQJOHðVSHFLHV
WR[LFLW\ýWHVWVýWRýILHOGýVLWXDWLRQVïýý7KHýHVWLPDWHGýGDLO\ýLQWDNHýE\ýKXPDQVýLVýFRPSDUHGýWRýWKH
ûQRðREVHUYHGðDGYHUVHðHIIHFWûýOHYHOýIRUýPDPPDOVýRUýWRýWKHý¦QRðHIIHFW§ýOHYHOýIRUýKXPDQVï

%ïçïæ %($'6ýõ7KHý%HQ]HQHý([SRVXUHýDQGý$EVRUEHGý'RVHý6LPXODWLRQô

%($'6ýõ0DF,QWRVKýHWýDOïýìääèôýZDVýGHYHORSHGýDWýWKHý+DUYDUGý6FKRROýRIý3XEOLFý+HDOWK
WKURXJKýVXSSRUWýIURPý(3$©Vý25'ïýý,WýLVýDýSRSXODWLRQðEDVHGñýPXOWLSOHýH[SRVXUHýSDWKZD\
PLFURHQYLURQPHQWDOýPRGHOýRIýëéðKRXUýDYHUDJHýLQKDODWLRQýH[SRVXUHVýDQGýWRWDOýDEVRUEHGýGRVHVýRI
EHQ]HQHïýý7KHýPRGHOýZDVýGHYHORSHGãýõìôýWRýSURYLGHýDýWRROýIRUýHVWLPDWLQJýWKHýGLVWULEXWLRQýRI
EHQ]HQHýSHUVRQDOýDLUýFRQFHQWUDWLRQVýDQGýWRWDOýDEVRUEHGýGRVHVýIRUýDýODUJHýSRSXODWLRQñýõëôýWR
H[DPLQHýWKHýGHWHUPLQDQWVýRIýLQWHUðLQGLYLGXDOýYDULDELOLW\ýRIýH[SRVXUHVýDQGýDEVRUEHGýGRVHVýRI
EHQ]HQHñýDQGýõêôýWRýH[SORUHýWKHýDFFXUDF\ýDQGýSUHFLVLRQýRIýSUHGLFWLRQVýRIýSRSXODWLRQýH[SRVXUHV
DQGýDEVRUEHGýGRVHVýRIýEHQ]HQHýPDGHýZLWKýPRQLWRULQJýUHVXOWVýIURPýSDVWýILHOGýVWXGLHVïýý$
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WZRðGLPHQVLRQDOý0RQWHý&DUORýVLPXODWLRQýDSSURDFKýLVýXVHGýLQýWKHýPRGHOýWRýHVWLPDWHýWKH
XQFHUWDLQW\ýDERXWýWKHýSUHGLFWHGýSRSXODWLRQýH[SRVXUHýDQGýDEVRUEHGýGRVHýGLVWULEXWLRQVïýý$ýSULQFLSDO
DGYDQWDJHýRIýWKLVýDSSURDFKýWRýXQFHUWDLQW\ýDQDO\VLVýLVýWKDWýWKHýUHODWLYHýFRQWULEXWLRQýRIýWKHýLQSXW
YDULDEOHVýWRýSUHGLFWLRQýXQFHUWDLQW\ýFDQýEHýHDVLO\ýLGHQWLILHGïýý'HFLVLRQVýFDQýWKHQýEHýPDGH
UHJDUGLQJýWKHýDSSURSULDWHýPHDVXUHVýWRýEHýWDNHQýWRýUHGXFHýWKHýSDUDPHWHUýXQFHUWDLQW\ñýZKHUHýWKH
RYHUDOOýJRDOýLVýWRýPLQLPL]HýSUHGLFWLRQýXQFHUWDLQW\ïýý

7KHý%($'6ýPRGHOýLQFOXGHVýDýSUREDELOLVWLFýQRQðVHTXHQWLDOýõQRQðWHPSRUDOôýVLPXODWLRQýRI
WLPHýDFWLYLW\ýSDWWHUQVýõ7$3ôýDQGýDQýDQWKURSRPHWULFýPRGXOHýXVHGýWRýFRUUHODWHýH[SRVXUHýIDFWRUVýLQ
RUGHUýWRýHVWLPDWHýDEVRUEHGýGRVHýõIURPýLQKDODWLRQñýLQJHVWLRQñýDQGýGHUPDOýDEVRUSWLRQôïýý6KRUWýWHUPñ
KLJKýFRQFHQWUDWLRQýH[SRVXUHVýDUHýQRWýDFFRXQWHGýIRUïýý7KHýPXOWLPHGLDýH[SRVXUHýDQGýDEVRUEHGýGRVH
PRGHOýXQGHUZHQWýSUHOLPLQDU\ýHYDOXDWLRQýWRýHVWLPDWHýWKHýEHQ]HQHýGLVWULEXWLRQýRIýSHUVRQDOýDLU
FRQFHQWUDWLRQýWKDWýZRXOGýEHýH[SHFWHGýIRUýDýODUJHýSRSXODWLRQýGHSHQGLQJýRQýDýPLFURHQYLURQPHQW
DQGýH[SRVXUHýVFHQDULRýLQýDLUýõDOOýYLDýLQKDODWLRQôýRUýZDWHUýõYLDýLQJHVWLRQñýGHUPDOýXSWDNHñýRU
LQKDODWLRQôïýý(VWLPDWHGýGLVWULEXWLRQVýRIýSHUVRQDOýDQGýPLFURHQYLURQPHQWDOýEHQ]HQHýH[SRVXUHV
FRPSDUHGýZHOOýZLWKýSUHYLRXVýPRQLWRULQJýUHVXOWVýõ7($0¤7RWDOý([SRVXUHý$VVHVVPHQW
0HWKRGRORJ\ôýH[FHSWýDWýWKHýXSSHUýHQGVï

%ïçïå '(50ýõ'HUPDOý([SRVXUHý5HGXFWLRQý0RGHOô

7KHýSK\VLFDOðVWRFKDVWLFýPRGHOý'(50ñýZDVýGHYHORSHGýE\ý6WDQIRUG©Vý(QYLURQPHQWDO
(QJLQHHULQJýDQGý6FLHQFHý*URXSýWRýHVWLPDWHýSHUVRQDOýGHUPDOýH[SRVXUHýLQFXUUHGýYLDýPXOWLSOH
FRQWDFWýPHFKDQLVPVýDVýDýIXQFWLRQýRIýWLPHýõ=DUWDULDQýìääçôïýý7KLVýLVýWKHýILUVWýH[SRVXUHýPRGHOýWR
FDOFXODWHýGHUPDOýH[SRVXUHýDVýDýIXQFWLRQýRIýDFWXDOýKXPDQýDFWLYLW\ýGDWDïýý$QýLPSRUWDQWýRXWSXWýRI
'(50ýLVýWKHýGHUPDOýH[SRVXUHýSURILOHñýZKLFKýSORWVýPDVVýRIýSROOXWDQWýORDGLQJýRQýWKHýVNLQýDVýD
IXQFWLRQýRIýWLPHïýý6XFKýSURILOHVýDUHýWKHýEDVLVýRIýXQGHUVWDQGLQJýWKHýSDWKZD\VýE\ýZKLFKýGHUPDOýDQG
QRQðGLHWDU\ýLQJHVWLRQýH[SRVXUHýDUHýLQFXUUHGýõHïJïñýOLTXLGýLPPHUVLRQñýVXUIDFHýFRQWDFWýZLWKýOLTXLGVñ
VRLOñýRUýGXVWñýDHURVROýGHSRVLWLRQñýKDQGðWRðPRXWKýFRQWDFWôïýý'(50ýLVýDýSHUVRQDOñýSK\VLFDOð
VWRFKDVWLFýPRGHOýGHVLJQHGýWRýHYDOXDWHýWKHýVRXUFHVýRIýXQFHUWDLQW\ýLQýWKHýFDOFXODWLRQVñýWR
XQGHUVWDQGýWKHýLPSRUWDQWýGHUPDOýH[SRVXUHýFRQWDFWýSDWKZD\VñýDQGýWRýKHOSýGHWHUPLQHýWKHýEHVWýZD\V
WRýFRQWUROýWKRVHýIDFWRUVýWKDWýFRQWULEXWHýPRVWýVLJQLILFDQWO\ýWRýH[SRVXUHïýý'(50ýKDVýDOVRýEHHQ
GHVLJQHGýWRýDVVHVVýLQJHVWLRQýH[SRVXUHVýIRUýKDQGðWRðPRXWKýDFWLYLWLHVïý

%ïçïä 6&5($0ëýõ6RXWKý&RDVWý5LVNýDQGý([SRVXUHý$VVHVVPHQWý0RGHOñýYHUïýëô

7KHý6&5($0ëýõ5RVHQEDXPýHWýDOïýìääéôýZDVýGHYHORSHGýZLWKýVXSSRUWýIURPý&DOLIRUQLD©V
6RXWKý&RDVWý$LUý4XDOLW\ý0DQDJHPHQWý'LVWULFWýDQGýSURYLGHVýWKHýDELOLW\ýWRýPRGHOýERWKýLQKDODWLRQ
DQGýPXOWLSDWKZD\ýQRQðLQKDODWLRQýH[SRVXUHVïýý$ýVXEPRGHOñýFDOOHGý08/73$7+ñýFDOFXODWHV
SRSXODWLRQýH[SRVXUHVýWRýDLUýWR[LFVýWKURXJKýQRQðLQKDODWLRQýSDWKZD\Vïýý7KHý08/73$7+
VXEPRGHOýLQFOXGHVýWKHýIROORZLQJýSDWKZD\VãýVRLOýLQJHVWLRQñýVRLOýGHUPDOýFRQWDFWñýKRPHðJURZQ
SURGXFHýLQJHVWLRQñýFRPPHUFLDOýõORFDOO\ðJURZQôýSURGXFHýLQJHVWLRQñýFRPPHUFLDOýõORFDOO\ðUDLVHGô
DQLPDOýSURGXFWýLQJHVWLRQñýVXUIDFHýGULQNLQJýZDWHUýõORFDOýVRXUFHôýLQJHVWLRQñýILVKýõORFDOýVRXUFHô
LQJHVWLRQñýDQGýEUHDVWýPLONýLQJHVWLRQïýý$YHUDJHýGDLO\ýGRVHVýRIýDýSROOXWDQWýWRýWKHýSRSXODWLRQýDUH
HVWLPDWHGýIURPýFRQFHQWUDWLRQVýLQýHDFKýPHGLXPýRQýWKHýEDVLVýRIýDJHðVSHFLILFýLQJHVWLRQýUDWHVýDQG
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ERG\ýZHLJKWVýDQGýORFDOýSRSXODWLRQýDJHýSURILOHVïýý([SRVXUHýHVWLPDWHVýDUHýPDGHýZLWKýUHVSHFWýWR
FRQWDPLQDWLRQýRIýFRPPHUFLDOýIRRGVWXIIVýõSURGXFHýDQGýDQLPDOýSURGXFWVôýDQGýVXUIDFHýZDWHUýXVHG
IRUýGULQNLQJýDQGîRUýILVKLQJýE\ýDVVXPLQJýWKDWýWKH\ýDUHýFRQVXPHGýHQWLUHO\ýDQGýXQLIRUPO\ýE\ýWKH
SRSXODWLRQýRIýWKHýPRGHOHGýDUHDýLQýSURSRUWLRQýWRýWKHýDYHUDJHýLQJHVWLRQýUDWHVýIRUýHDFKýDJHýJURXSïý
7KHýLQGLYLGXDOýFDUFLQRJHQLFýKHDOWKýULVNýDVVRFLDWHGýZLWKýLQJHVWLRQýH[SRVXUHýRYHUýDýæíð\HDU
OLIHWLPHýLVýHVWLPDWHGýDVýWKHýSURGXFWýRIýWKHýGRVHýDQGýDýFDQFHUýSRWHQF\ýVORSHïýý08/73$7+
UHTXLUHVýVLWHðVSHFLILFýLQIRUPDWLRQýRQýWKHýORFDWLRQVýDQGý\LHOGVýRIýDOOýFRPPHUFLDOýSURGXFHýDQG
FRPPHUFLDOýDQLPDOðUDLVLQJýRSHUDWLRQVïýý,QýDGGLWLRQñýWKHýORFDWLRQVýDQGýLQIRUPDWLRQýRQýFHUWDLQ
SK\VLFDOýSDUDPHWHUVýRIýDOOýZDWHUýERGLHVýXVHGýDVýVRXUFHVýRIýGULQNLQJýZDWHUýRUýILVKLQJýDUHýUHTXLUHGï

)RUýLQKDODWLRQýH[SRVXUHVñýWKHýëéðKRXUO\ýFRQFHQWUDWLRQVýIRUýHDFKýFHQVXVýEORFNýJURXSýDUH
HVWLPDWHGýXVLQJýDý*DXVVLDQýDLUýGLVSHUVLRQ¤ýDQGýPDSSLQJýPRGXOHVïýý)RUýHDFKýVRXUFHñýWKHýPRGHO
FDOFXODWHVýJURXQGðOHYHOýFRQFHQWUDWLRQVýDVýDýIXQFWLRQýRIýUDGLDOýGLVWDQFHýDQGýGLUHFWLRQýIURPýWKH
VRXUFHýIRUýDýVHWýRIýUHFHSWRUVýODLGýRXWýLQýDýUDGLDOýJULGýSDWWHUQïýý7KHýFRQFHQWUDWLRQVýUHSUHVHQWýWKH
VWHDG\ðVWDWHýFRQFHQWUDWLRQVýWKDWýZRXOGýRFFXUýZLWKýFRQVWDQWýHPLVVLRQVýDQGýPHWHRURORJLFDO
SDUDPHWHUVï

7KHýLQKDODWLRQýH[SRVXUHýPRGXOHýDFFRXQWVýIRUýPRELOLW\ýSDWWHUQVýRIýWKHýSRSXODWLRQñýLQGRRUð
RXWGRRUýH[SRVXUHýFRQFHQWUDWLRQýGLIIHUHQFHVñýDQGýSK\VLFDOýH[HUFLVHýOHYHOVïýý7KHýPRGXOHýHVWLPDWHV
H[SRVXUHVýIRUýHDFKýLQGLYLGXDOýFHQVXVýEORFNýJURXSñýDJJUHJDWLQJýH[SRVXUHýWKURXJKRXWýWKHýPRGHOHG
DUHDýIRUýDýQXPEHUýRIýVXEUHJLRQVñýFDOOHGýH[SRVXUHýGLVWULFWVïýý([SRVXUHýLVýHVWLPDWHGýIRUýìëýEDVLF
SRSXODWLRQýDJHîRFFXSDWLRQýJURXSVýZKLFKýDUHýIXUWKHUýVXEGLYLGHGýLQWRýèçýVXEJURXSVñýGLVWLQJXLVKHG
E\ýWKHLUýKRXUO\ýDFWLYLW\ýSDWWHUQVïýý)RUýHDFKýKRXUñýDýVXEJURXSýLVýDVVLJQHGýWRýDýJHRJUDSKLFýORFDWLRQ
õLïHïñýHLWKHUýDýKRPHýRUýZRUNýGLVWULFWôñýRQHýRIýVHYHUDOýGLIIHUHQWýLQGRRUýRUýRXWGRRU
PLFURHQYLURQPHQWVñýDQGýRQHýRIýWKUHHýSK\VLFDOýH[HUFLVHýOHYHOVýõORZñýPRGHUDWHñýRUýKHDY\ôïýý7KHUH
DUHýSRSXODWLRQýDFWLYLW\ýSDWWHUQVýGHILQHGýIRUýZHHNGD\Vñý6DWXUGD\VñýDQGý6XQGD\Vï

,QýRUGHUýWRýWUDFNýWKHýJHRJUDSKLFýORFDWLRQVýRIýWKHýSRSXODWLRQýIURPýKRXUýWRýKRXUñýWKH
LQKDODWLRQýH[SRVXUHîULVNýPRGXOHýDJDLQýGLYLGHVýWKHýèçýVXEJURXSVýLQWRýFRKRUWVñýGHILQHGýRQýWKHýEDVLV
RIýFRPPRQýDJHðRFFXSDWLRQýJURXSLQJVñýDQGýDJDLQýE\ýKRPHýDQGýZRUNýH[SRVXUHýGLVWULFWVïýý7KH
SRSXODWLRQýFRPSRVLWLRQýDQGýPRELOLW\ýGDWDýDUHýFRPSLOHGýDWýWKHýH[SRVXUHðGLVWULFWýOHYHOñýZKLOH
FRQFHQWUDWLRQVýDUHýIRUýWKHýVPDOOHUýFHQVXVýEORFNðJURXSýOHYHOï

6&5($0ëýFDQýXVHýWKHý,QGRRUý$LUý4XDOLW\ý0RGHOýõ,$40ôýVXEPRGHOýWRýFDOFXODWHýLQGRRU
SROOXWDQWýFRQFHQWUDWLRQVïýý,$40ýVLPXODWHVýLQGRRUýDLUýTXDOLW\ýE\ýPHDQVýRIýDýG\QDPLFýPDVV
EDODQFHýHTXDWLRQñýZLWKýDýEXLOGLQJýEHLQJýUHSUHVHQWHGýE\ýDýVLQJOHýFRPSDUWPHQWïýý2XWGRRUýDLUýLV
SHUPLWWHGýWRýOHDNýLQWRýDQGýRXWýRIýWKHýEXLOGLQJñýDQGýLQGRRUýUHFLUFXODWLRQýDQGýPDNHXSýDLUýFDQýEH
VXSSOLHGýDVýDSSURSULDWHýWKURXJKýVLPXODWLRQýRIýDýKHDWLQJñýYHQWLODWLRQñýDQGýDLUýFRQGLWLRQLQJ
õ+9$&ôýV\VWHPïýý,QýDGGLWLRQñýLQGRRUýVRXUFHVñýZKLFKýDUHýVSHFLILHGýLQýWHUPVýRIýVRXUFHýVWUHQJWKýDQG
WLPHýSURILOHñýFDQýEHýPRGHOHGýZLWKýWKHý,$40ïýý3ROOXWDQWýORVVHVýLQGRRUVýDUHýVLPXODWHGýLQýWHUPVýRI
DGVRUSWLRQýRQWRýVXUIDFHVýRUýGHSRVLWLRQýGXHýWRýVHWWOLQJñýZLWKýVXUIDFHýUHDFWLYLW\ýRUýGHSRVLWLRQýUDWHV
GHSHQGHQWýRQýWKHýSROOXWDQWï
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%ïçïìí ,QWHJUDWHGý6SDWLDOý0XOWLPHGLDý&RPSDUWPHQWDOý0RGHOýõ,60&0ô

7KHý,QWHJUDWHGý6SDWLDOý0XOWLPHGLDý&RPSDUWPHQWDOý0RGHOýKDVýEHHQýXQGHUýGHYHORSPHQW
ZLWKýWKHý6FKRROýRIý(QJLQHHULQJýDQGý$SSOLHGý6FLHQFHýDWýWKHý8QLYHUVLW\ýRIý&DOLIRUQLDý/RVý$QJHOHV
IRUýDSSUR[LPDWHO\ýWKHýODVWýìèý\HDUVïýý$ýQHZHUýYHUVLRQýRIýWKHý,60&0ñýFDOOHGý0(1'¤72;ñýLV
FXUUHQWO\ýXQGHUJRLQJýHYDOXDWLRQýDWýWKHý(3$ý25'©Vý1DWLRQDOý([SRVXUHý5HVHDUFKý/DERUDWRU\
õ1(5/ôï

7KHý,60&0ýFRQVLGHUVýDOOýPHGLDýLQýRQHýLQWHJUDWHGýV\VWHPïýý,WýLQFOXGHVýERWKýVSDWLDOýDQG
FRPSDUWPHQWDOýPRGXOHVýWRýDFFRXQWýIRUýFRPSOH[ýWUDQVSRUWýRIýSROOXWDQWVýWKURXJKýWKHýHFRV\VWHPïý
$VVXPLQJýPDVVýFRQVHUYDWLRQñý,60&0ýLVýDEOHýWRýSUHGLFWýWUDQVSRUWýEDVHGýRQýDýPHFKDQLVWLF
GHVFULSWLRQýRIýHQYLURQPHQWDOýSURFHVVHVñýLQFOXGLQJýHVWLPDWLRQýRIýLQWHUPHGLDýWUDQVIHUýIDFWRUVï

7KHý,60&0ýLVýQRWýVWUXFWXUHGýWRýLQFRUSRUDWHýXQFHUWDLQW\îYDULDELOLW\ýDQDO\VHVýGLUHFWO\ýLQWR
WKHýPRGHOýRSHUDWLRQïýý)XUWKHUPRUHñýWKHýOLQNVýDQGýFRPSDUWPHQWVýõVSDWLDOýFRQILJXUDWLRQôýRIýWKH
,60&0ýDUHýSUHGHWHUPLQHGñýWKHUHE\ýPDNLQJýLWýOHVVýXVHIXOýLQýDýV\VWHPýWKDWýLVýWRýEHýIXOO\ýLQWHJUDWHGï

%ïçïìì ,QGLUHFWý([SRVXUHý0HWKRGRORJ\ýõ,(0ôý0RGHO

7KHý8ï6ïý(3$ýEHJDQýGHYHORSLQJýWKHý,QGLUHFWý([SRVXUHý0HWKRGRORJ\ýõ,(0ôýLQýWKHýìäåíVï
7KHý,(0ýFRQVLVWVýRIýIDWHýDQGýWUDQVSRUWýDOJRULWKPVýWKDWýHVWLPDWHýWKHýPHGLDýFRQFHQWUDWLRQV
UHVXOWLQJýIURPýWKHýPXOWLSDWKZD\ýWUDQVIHUýRIýDLUýSROOXWDQWVýWRýVRLOñýYHJHWDWLRQñýDQGýZDWHUýERGLHVïý
7KHýDOJRULWKPVýLQý,(0ýDUHýGHVLJQHGýWRýSUHGLFWýH[SRVXUHVýIRUýSROOXWDQWVýIRUýZKLFKýLQGLUHFW
LPSDFWVýPD\ýEHýLPSRUWDQWýõLïHïñýRUJDQLFýDQGýLQRUJDQLFýSROOXWDQWVýWKDWýWHQGýWRýEHýORQJðOLYHGñ
ELRDFFXPXODWLQJñýQRQðý>RUýDWýPRVWýVHPLð@ýYRODWLOHñýDQGýPRUHýDVVRFLDWHGýZLWKýVRLOýDQGýVHGLPHQW
WKDQýZLWKýZDWHUôïýý$QýLQWHULPýGRFXPHQWýVXPPDUL]LQJýWKHý,(0ýPHWKRGRORJ\ýZDVýSXEOLVKHGýLQ
ìääíýõ8ï6ïý(3$ýìääíEôñýDQGýDýPDMRUýDGGHQGXPýZDVýLVVXHGýLQýìääêýõ8ï6ïý(3$ýìääêEôïýý7KH
$JHQF\©Vý2IILFHýRIý6ROLGý:DVWHýDQGý(PHUJHQF\ý5HVSRQVHýõ26:(5ôýKDVýDGDSWHGý,(0ýDQG
FRPSLOHGýGHWDLOHGýLQIRUPDWLRQýRQýPDQ\ýRIý,(0©VýLQSXWýSDUDPHWHUVýDQGýDOJRULWKPVýLQýWKHý+XPDQ
+HDOWKý5LVNý$VVHVVPHQWý3URWRFROýIRUý+D]DUGRXVý:DVWHý&RPEXVWLRQý)DFLOLWLHVýõ8ï6ïý(3$ýìääåHôïý
7KHýDOJRULWKPVýLQý,(0ýDUHýXQGHUýFRQWLQXRXVýUHILQHPHQWñýDQGýUHYLVHGýGRFXPHQWDWLRQýDGGUHVVLQJ
6$%ýDQGýSXEOLFýFRPPHQWVýRQýWKHýìääêý$GGHQGXPýLVýSHQGLQJýõ8ï6ïý(3$ýìäääKôïýý7KLVýUHYLVHG
GRFXPHQWýQRýORQJHUýXVHVýWKHý,(0ýWHUPLQRORJ\âýLQVWHDGñýWKHýGRFXPHQWýUHIHUVýWRý03(ýõPXOWLSOH
SDWKZD\VýRIýH[SRVXUHôýDVVHVVPHQWï

7KHý,(0ýHVWLPDWHVýKXPDQýH[SRVXUHýWRýSROOXWDQWVýYLDýVHYHUDOýURXWHVñýLQFOXGLQJýLQKDODWLRQñ
GHUPDOýFRQWDFWñýDQGýIRRGñýZDWHUñýDQGýVRLOýLQJHVWLRQïýý([SRVXUHVýDUHýHVWLPDWHGýXVLQJ
HQYLURQPHQWDOýPHGLDýFRQFHQWUDWLRQVñýWUDQVIHUýIDFWRUVýõHïJïñýELRDFFXPXODWLRQýIDFWRUVôýZKHUH
DSSURSULDWHñýDQGýPHDVXUHVýRIýKXPDQýDFWLYLW\ýDQGýH[SRVXUHýFKDUDFWHULVWLFVýõHïJïñýFRQVXPSWLRQ
UDWHVýIRUýIRRGýW\SHVôýVXFKýDVýWKRVHýDYDLODEOHýLQý(3$©Vý([SRVXUHý)DFWRUVý+DQGERRNýõ8ï6ïý(3$
ìääæEôïýý7KHý,(0ýLVýGHVLJQHGýWRýHVWLPDWHýLQWDNHVýIRUýVSHFLILFñýSUHGHWHUPLQHGýUHFHSWRUýVFHQDULRV
õHïJïñýVXEVLVWHQFHýJDUGHQHUñýUHFUHDWLRQDOýILVKHUñýDYHUDJHýXUEDQýUHVLGHQWôýWKDWýPD\ýEHýLQGLFDWLYHýRI
KLJKðHQGýRUýDYHUDJHýH[SRVXUHVýWRýDýSROOXWDQWïýý
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%HFDXVHýLWýLVýGHVLJQHGýWRýHVWLPDWHýH[SRVXUHýIRUýLQGLYLGXDOVýFODVVLILHGýLQWRýVSHFLILF
VFHQDULRVñý,(0ýGRHVýQRWýUHDGLO\ýDOORZýIRUýWKHýPRGHOLQJýRIýDýGLVWULEXWLRQýRIýH[SRVXUHVýZLWKLQýD
SRSXODWLRQïýý,WýLVýQRWýGHVLJQHGýWRýSURYLGHýHVWLPDWHVýRIýSRSXODWLRQýH[SRVXUHVïýý,QýDGGLWLRQñý,(0ýLV
VHWýXSýWRýPRGHOýDýORQJðWHUPýHPLVVLRQýVRXUFHñýDQGýWKHýIDWHýDQGýWUDQVSRUWýFRPSRQHQWýRIý,(0
FRQVLVWVýRIýDýVHWýRIýOLQNHGñýRQHðZD\ýDOJRULWKPVýWKDWýGRýQRWýDOORZýIRUýWUDFNLQJýWUDQVIRUPDWLRQV
EHWZHHQýGLIIHUHQWýFKHPLFDOýVSHFLHVýRUýIHHGEDFNýEHWZHHQýGLIIHUHQWýPHGLDïýý3ROOXWDQWVýDUHýLQSXWýWR
WKHýPRGHOýDVýDQQXDOýDYHUDJHýDLUýFRQFHQWUDWLRQVýDQGýZHWýDQGýGU\ýGHSRVLWLRQýUDWHVýIRUýDýVSHFLILF
ORFDWLRQýRUýDVýDUHDOýDYHUDJHVýIRUýDýJLYHQýVSDFHýõHïJïñýDýZDWHUVKHGôïýý7KXVñýWKHýPRGHOýFDQQRW
SURYLGHýDýGHWDLOHGýWLPHýVHULHVýHVWLPDWLRQýRIýPHGLDýFRQFHQWUDWLRQVýDQGýWKHýUHVXOWLQJýKXPDQ
H[SRVXUHVñýDQGýVSDWLDOýYDULDWLRQVýLQýH[SRVXUHýFDQýEHýDSSUR[LPDWHGýRQO\ýWKURXJKýVXEVWDQWLDOýVLWHð
VSHFLILFýPRGHOýDGMXVWPHQWýDQGýUHSHDWHGýPRGHOýUXQVïýý,QýDGGLWLRQñý,(0ýLVýDýGHWHUPLQLVWLFýPRGHO
DQGýLVýQRWýGHVLJQHGýWRýHVWLPDWHýWKHýXQFHUWDLQW\ýRUýYDULDELOLW\ýDVVRFLDWHGýZLWKýH[SRVXUHýHVWLPDWHVïý
7KHVHýFKDUDFWHULVWLFVýPDNHý,(0ýVXLWDEOHýIRUýVFHQDULRðVSHFLILFñýVFUHHQLQJðOHYHOýH[SRVXUH
DVVHVVPHQWVýDQGýWKHýGHWHUPLQDWLRQýRIýH[SRVXUHýURXWHVýRIýSRWHQWLDOýFRQFHUQýIRUýDýORQJðWHUP
HPLVVLRQýVRXUFHýEXWýOHVVýDSSURSULDWHýIRUýHVWLPDWLQJýGLVWULEXWLRQVýRIýSRSXODWLRQýH[SRVXUHVýRYHU
WLPHýDQGýVSDFHýDQGýDFURVVýYDULRXVýSDWKZD\Vï

%ïæ (;32685(ý6,08/$7,21ý02'(/ý6<67(06

,QýDGGLWLRQýWRýH[SRVXUHýPRGHOVñýWKHUHýDUHýDýQXPEHUýRIýH[SRVXUHýPRGHOLQJýV\VWHPVïýý7KHVH
DUHýV\VWHPVýRUýOLEUDULHVýWKDWýFDQýFRQWDLQýWUDQVSRUWýPRGHOVñýH[SRVXUHýPRGHOVñýGDWDýILOHVñýDQGýWKH
DVVRFLDWHGýVRIWZDUHýIRUýOLQNLQJýWKHVHýPRGHOVýZLWKýWKHýYDULRXVýLQSXWýDQGýRXWSXWýILOHVïýý

%ïæïì *(06ýõ*UDSKLFDOý([SRVXUHý0RGHOLQJý6\VWHPô

7KHý(3$©Vý2337ýGHYHORSHGýWKHý*UDSKLFDOý([SRVXUHý0RGHOLQJý6\VWHPýõ*(06ôýWR
VXSSRUWýH[SRVXUHýDQGýULVNýDVVHVVPHQWVýE\ýSURYLGLQJýDFFHVVýWRýVLQJOHýPHGLXPýDQGýPXOWLPHGLDýIDWH
DQGýH[SRVXUHýPRGHOVñýSK\VLFDOýDQGýFKHPLFDOýSURSHUWLHVýHVWLPDWLRQýWHFKQLTXHVñýVWDWLVWLFDOýDQDO\VLVñ
DQGýJUDSKLFVýDQGýPDSSLQJýSURJUDPVýZLWKýUHODWHGýGDWDýRQýHQYLURQPHQWVñýVRXUFHVñýUHFHSWRUVñýDQG
SRSXODWLRQVïýý8QGHUýGHYHORSPHQWýVLQFHýìäåìñý*(06ýSURYLGHVýDQDO\VWVýZLWKýDQýLQWHUDFWLYHñýHDVLO\
OHDUQHGýLQWHUIDFHýWRýYDULRXVýPRGHOVñýSURJUDPVñýDQGýGDWDýQHHGHGýIRUýH[SRVXUHýDQGýULVN
DVVHVVPHQWVïýý3&ð*(06ýõ*6&ýìäååôýLVýDýVWDQGðDORQHýYHUVLRQýRIý*(06ýWKDWýFDQýEHýUXQýRQýD
SHUVRQDOýFRPSXWHUï

7KHýHQYLURQPHQWDOýPRGHOVýLQý*(06ýDUHýDWPRVSKHULFñýVXUIDFHýZDWHUñýODQGýXQVDWXUDWHG
õVRLOôýDQGýVDWXUDWHGýõJURXQGýZDWHUôý]RQHVñýDQGýPXOWLPHGLDýLQýQDWXUHïýý0HWKRGVýIRUýHVWLPDWLQJ
RFWDQROðZDWHUýSDUWLWLRQýDQGýDGVRUSWLRQýFRHIILFLHQWVñýELRFRQFHQWUDWLRQýIDFWRUñýZDWHUýVROXELOLW\ñ
PHOWLQJýDQGýERLOLQJýSRLQWñýYDSRUýSUHVVXUHñý+HQU\©VýFRQVWDQWñýDFLGýGLVVRFLDWLRQýFRQVWDQWñ
ODNHîVWUHDPýYRODWLOL]DWLRQýUDWHñýDQGýDWPRVSKHULFýKDOIðOLIHýDUHýDYDLODEOHïýý'DWDýVHWVýDUHýUHODWHGýWR
HQYLURQPHQWDOýFKDUDFWHULVWLFVýõFOLPDWHñýVRLOñýULYHUVñýJURXQGýZDWHUñýYHJHWDWLRQôñýVRXUFHýUHOHDVHV
õ327:VýDQGýLQGXVWULDOýZDWHUýGLVFKDUJHVñý&HQVXVýEXVLQHVVýSDWWHUQVñý5&5$ýSHUPLWýVLWHVôñýDQG
UHFHSWRUVýõSRSXODWLRQýDQGýKRXVHKROGýHVWLPDWHVýIRUýìäæíñý¨åíñý¨äíñýDQGý¨äèýE\ýVPDOOýDUHDýFHQVXV
GLVWULFWâýDQGýGULQNLQJýZDWHUýIDFLOLW\ýLQIRUPDWLRQôï
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%ïæïë 7+(5GE$6(ýõ7RWDOý+XPDQý([SRVXUHý5LVNýGDWDEDVHýDQGý$GYDQFHGý6LPXODWLRQ
(QYLURQPHQWô

7+(5GE$6(ýKDVýEHHQýGHYHORSHGýE\ý(3$©Vý25'ýDVýDý3&ðEDVHGýFRPSXWHUýPRGHOLQJýDQG
GDWDEDVHýV\VWHPýWKDWýFRQWDLQVýH[SRVXUHýDQGýULVNýUHODWHGýLQIRUPDWLRQïýý7KHýV\VWHPýSURYLGHVýD
IUDPHZRUNýIRUýWKHýFRQVWUXFWLRQýRIýDýVXLWHýRIýH[SRVXUHýDQGýULVNýUHODWHGýPRGHOVýZLWKLQýWKH
0RGHOLQJý(QJLQHýE\ýXVLQJýLQIRUPDWLRQýDYDLODEOHýLQýGDWDýILOHVýZLWKLQýWKHý'DWDEDVHý(QJLQHïýýý'DWD
FDQýEHýYLHZHGýDVýDýWDEOHñýFRGHGýILHOGVýFDQýEHýYLHZHGýDVýGHFRGHGýILHOGVñýILHOGVýFDQýEHýVHWýWR
¦VKRZ§ýRUý¦KLGH§ýPRGHñýDQGýPXOWLSOHýGDWDýILOHVýFDQýEHýYLHZHGýDWýWKHýVDPHýWLPHïýý,QýWKH
¦DGYDQFHG§ýPRGHñýXVHUýILOHVýFDQýEHýHGLWHGïýý'DWDýUHFRUGVýFDQýEHýTXHULHGýDQGýVLPSOHýVWDWLVWLFV
õVXPPDU\ýVWDWLVWLFVý¥ýPHDQâýVWDQGDUGýGHYLDWLRQâýPLQLPXPýDQGýPD[LPXPâýSHUFHQWLOHýYDOXHVýDW
GHVLUHGýLQWHUYDOVâýDQGýOLQHDUýUHJUHVVLRQýRQýWZRýQXPHULFDOýGDWDýILHOGVôýFDQýEHýSHUIRUPHGïýý'DWDýFDQ
EHýSULQWHGñýVDYHGñýRUýH[SRUWHGïýý1HZýXVHUýILOHVýFDQýEHýFUHDWHGýDQGýGDWDýFDQýEHýLPSRUWHGïýý,QSXWýWR
PRGHOVýLVýDFKLHYHGýWKURXJKýDýVWDQGDUGL]HGýSURFHGXUHïýý,QSXWVýFDQýEHýSURYLGHGýDVýVLQJOHýYDOXHVñ
FXVWRPýGLVWULEXWLRQVýõQRUPDOñýORJQRUPDOôñýGLVWULEXWLRQVýEDVHGýRQýGDWDýILOHVýSUHVHQWýLQ
7+(5GE$6(ñýRUýDVýVSHFLILFýSHUFHQWLOHýYDOXHVïýý(IILFLHQWýDOJRULWKPVýDUHýSURYLGHGýWRýRSWLPDOO\
DFFHVVýLQSXWýGDWDñýWRýSHUIRUPýWKHýQXPHULFDOýVLPXODWLRQVñýDQGýWRýJHQHUDWHýDSSURSULDWHýRXWSXWýGDWDïý
0XOWLSOHýPRGHOýUXQVýFDQýEHýGRQHýWKURXJKýDýEDWFKýSURFHVVïýý5HVXOWVýFDQýEHýRXWSXWýDVýHLWKHU
7+(5GE$6(ýGDWDýILOHVýRUýDVýSUHðVHWýJUDSKVýõ8ï6ïý(3$ýìääåJôï

,QIRUPDWLRQýDERXWý7+(5GE$6(ýLVýDYDLODEOHýRQýWKHý(3$©Vý,QWHUQHWýZHEVLWH
õKWWSãîîZZZïHSDïJRYîQHUOSDJHîKHDVGîWKHUGEDVHïKWPôïýý7KHý,QWHUQHWýYHUVLRQýRIý7+(5GE$6(
LQFOXGHVýWKHýIROORZLQJýPRGHOVã

�ý/RFDWLRQý3DWWHUQV
�ý&KHPLFDOý6RXUFHý5HOHDVHýðý,QVWDQWDQHRXVý(PLVVLRQ
�ý&KHPLFDOý6RXUFHý5HOHDVHýðý7LPHGý$SSOLFDWLRQ
�ý,QGRRUý$LUýõëð=RQHô
�ý,QGRRUý$LUýõ1ð=RQHô
�ý([SRVXUHý3DWWHUQVý)RUý&KHPLFDOý$JHQWV
�ý%HQ]HQHý([SRVXUHý$VVHVVPHQWý0RGHOýõ%HDPô
�ý6RXUFHý%DVHGý([SRVXUHý6FHQDULRýõ,QKDODWLRQýòý'HUPDOô
�ý)LOPý7KLFNQHVVý%DVHGý'HUPDOý'RVH
�ý3%3.ý%DVHGý'HUPDOý'RVH

7KHý,QWHUQHWýYHUVLRQýRIý7+(5GE$6(ýDOVRýLQFOXGHVýWKHýIROORZLQJýGDWDEDVHVã
�ýìääíý%XUHDXýRIý&HQVXVý3RSXODWLRQý,QIRUPDWLRQ
�ý&DOLIRUQLDý$GXOWý$FWLYLW\ý3DWWHUQý6WXG\ýõìäåæýðýååô
�ý$7÷7ðVSRQVRUHGý1DWLRQDOý$FWLYLW\ý3DWWHUQý6WXG\ýõìäåèô
�ýìääëðäéý1DWLRQDOý+XPDQý$FWLYLW\ý3DWWHUQVý6WXG\ýõ1+$36ô
�ý&KHPLFDOý$JHQWVýIURPý6RXUFHV
�ý&KHPLFDOý$JHQWý3URSHUWLHV
�ý$LUý([FKDQJHý5DWHV
�ý,QIRUPDWLRQýIURPý(3$©Vý7($0ýõ7RWDOý([SRVXUHý$VVHVVPHQWý0HWKRGRORJ\ô
6WXGLHV

�ý,QIRUPDWLRQýIURPý(3$©Vý123(6ýõ1RQð2FFXSDWLRQDOý3HVWLFLGHVý([SRVXUHý6WXG\ô
6WXGLHV
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�ý+XPDQý3K\VLRORJLFDOý3DUDPHWHUV

%ïæïê 0(3$6ýõ0XOWLPHGLDý(QYLURQPHQWDOý3ROOXWDQWý$VVHVVPHQWý6\VWHPô

7KHý0XOWLPHGLDý(QYLURQPHQWDOý3ROOXWDQWý$VVHVVPHQWý6\VWHPýõ0(3$6ôýõ6WUHQJHýDQG
&KDPEHUODLQýìääèñý'URSSRýHWýDOïýìääëôýZDVýGHYHORSHGýE\ý%DWWHOOHý3DFLILFý1RUWKZHVWý/DERUDWRU\
õ31/ôýIRUýWKHý8ï6ïý'HSDUWPHQWýRIý(QHUJ\ïýý7KHýV\VWHPýZDVýGHYHORSHGýWRýUDQNý'2(ýVLWHVýKDYLQJ
SRWHQWLDOýKD]DUGRXVýFKHPLFDOýDQGýUDGLRDFWLYHýUHOHDVHVïýý7KHýNH\ýREMHFWLYHýRIý0(3$6ýLVýWRýUDQN
VLWHVýE\ýFDOFXODWLQJýKXPDQýKHDOWKýULVNýWRýWKHýSRSXODWLRQýVXUURXQGLQJýWKHýVLWHïýý0(3$6ýFDOFXODWHV
¦KD]DUGýSRWHQWLDOýLQGH[§ýõ+3,ôýYDOXHVýIRUýDýVLWHýE\ýVXPPLQJýXSýULVNýIDFWRUVýDVVRFLDWHGýZLWK
YDULRXVýH[SRVXUHýVFHQDULRVïýý7KLVýV\VWHPýKDVýZLGHýDSSOLFDELOLW\ýWRýDýUDQJHýRIýHQYLURQPHQWDO
SUREOHPVýXVLQJýDLUñýJURXQGýZDWHUñýVXUIDFHýZDWHUñýRYHUODQGñýDQGýH[SRVXUHýPRGHOVïýýý0(3$6
LQWHJUDWHVýVRXUFHñýWUDQVSRUWñýDQGýH[SRVXUHýPRGHOVýLQWRýDýVLQJOHýV\VWHPïýý7KHýDOJRULWKPVýLQ
0(3$6ýDFFRPPRGDWHýWKHýIROORZLQJýWHQýFRPSRQHQWVãýýìôýVRXUFHýWHUUDLQñýëôýRYHUODQGýSDWKZD\ñýêô
JURXQGýZDWHUýõYDGRVHýDQGýVDWXUDWHGý]RQHVôýSDWKZD\ñýéôýVXUIDFHýZDWHUýSDWKZD\ñýèôýDWPRVSKHULF
SDWKZD\ñýçôýH[SRVXUHýURXWHVñýæôýKD]DUGýDVVHVVPHQWýõFKHPLFDOýFDUFLQRJHQVýîýQRQðFDUFLQRJHQVâ
UDGLRýQXFOLGHVôñýåôýSROOXWDQWîWUDQVSRUWýDQGýH[SRVXUHýVFHQDULRVñýäôýDýXVHUðIULHQGO\ý3&ýVKHOOñýDQGýìíô
DýFKHPLFDOýGDWDEDVHï

3ROOXWDQWýWUDQVSRUWýPHGLDýDUHýJURXQGýZDWHUñýRYHUODQGýIORZñýVXUIDFHýZDWHUñýDQG
DWPRVSKHUHïýý+XPDQýXSWDNHýRFFXUVýWKURXJKýLQJHVWLRQýõRIýFRQWDPLQDWHGýZDWHUñýVRLOñýFURSVñýDQLPDO
SURGXFWVñýDQGýDTXDWLFýIRRGVôñýLQKDODWLRQýõRIýDLUERUQHýSROOXWDQWVôñýDQGýGHUPDOýFRQWDFWýõZLWK
FKHPLFDOVýDQGýUDGLRýQXFOLGHVôïýý7KHýK\GURORJLFýPHGLDýFRQVLVWVýRIýWKHýK\GURORJLFýVRXUFHýWHUPñ
XQVDWXUDWHGýDQGýVDWXUDWHGýJURXQGýZDWHUý]RQHVñýDQGýVXUIDFHýZDWHUîUXQRIIïýý7KHýVRXUFHýWHUPýFDQýEH
FRPSXWHGýLQWHUQDOO\ýRUýVSHFLILHGýDWýUHFHSWRUýORFDWLRQVýRUýE\ýVSHFLILHGýIORZïýý7KHýVRXUFHýWHUP
JHRPHWULHVýLQFOXGHýSRLQWñýOLQHñýDQGýDUHDýVRXUFHVïýý/LPLWDWLRQVýRIýWKHýK\GURORJLFýSDWKZD\ýLQFOXGH
QHJOLJLEOHýOHDFKLQJýRIýWKHýVRXUFHýE\ýJURXQGýZDWHUñýDQGýIORZýLQýWKHýYLUWXDOýGLUHFWLRQýRQO\ï

7KHýDWPRVSKHULFýSDWKZD\ýFRQVLVWVýRIýWKHýDWPRVSKHULFýVRXUFHýWHUPýDQGýDWPRVSKHULF
WUDQVSRUWýSURFHVVRUïýý6RXUFHýWHUPVýFRQVLVWýRIýSRLQWýVRXUFHVýDQGýDUHDýVRXUFHVïýý$WPRVSKHULF
WUDQVSRUWýRIýSROOXWDQWVýXWLOL]HVýDQýHQKDQFHGý*DXVVLDQýSOXPHýPRGHOñýDQGýFRPSXWHVýORQJýWHUP
H[SRVXUHýIRUýDýVL[WHHQýVHFWRUýJULGýXVLQJýDYHUDJHýVWDFNýSDUDPHWHUVïýý(QKDQFHPHQWVýWRýWKHýSOXPH
PRGHOýLQFOXGHýGHIOHFWLRQýRIýZLQGýVSHHGýWRýDFFRXQWýIRUýYDULDELOLW\ýLQýORFDOýVXUIDFHýURXJKQHVVñýDQG
FDQýFRQVLGHUýUDGLRDFWLYHýGHFD\ýGHSOHWLRQýDQGýILUVWýRUGHUýFKHPLFDOýUHDFWLRQVïýý2QO\ýVLPSOHýVRXUFHV
FDQýEHýPRGHOHGñýDQGýSDUWLFXODWHýSROOXWDQWVýRULJLQDWHýIURPýDUHDýVRXUFHVýRQO\ï

0(3$6ýFDOFXODWHVýDQýDYHUDJHýGRVHýRYHUýæíý\HDUVýWLPHýLQFUHPHQWVýIRUýDýQXPEHUýRIýXVHU
VSHFLILHGýUHFHSWRUýORFDWLRQVïýý'RVHýLVýFDOFXODWHGýIRUýHDFKýWUDQVSRUWHGýSROOXWDQWïýý)RUýUDGLRDFWLYH
SROOXWDQWVýWKHýGRVHýLVýH[SUHVVHGýDVýWKHýHIIHFWLYHýGRVHýHTXLYDOHQWýIURPýHDFKýSROOXWDQWïýý0(3$6
XVHVýWKHý,&53ýGRVHýFRQYHUVLRQýIDFWRUVýWRýFRQYHUWýWKHýUDWHýRIýH[SRVXUHýWRýGRVHï

%ïæïé (0/î,0(6ýõ([SRVXUHý0RGHOVý/LEUDU\ýîý,QWHJUDWHGý0RGHOý(YDOXDWLRQý6\VWHPô

7KHý([SRVXUHý0RGHOVý/LEUDU\ýõ(0/ôýZDVýGHYHORSHGýE\ýWKHý8ï6ïý(3$©Vý25'ýDQGýLVýD
FROOHFWLRQýRIýH[SRVXUHýPRGHOVýGLVWULEXWHGýLQýDý&'ð520ýõ8ï6ïý(3$ýìääçFôïýý7KHýSXUSRVHýRIýWKLV
GLVNýLVýWRýSURYLGHýDýFRPSDFWýDQGýHIILFLHQWýPHDQVýWRýGLVWULEXWHýH[SRVXUHýPRGHOVñýGRFXPHQWDWLRQñ
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DQGýWKHý,QWHJUDWHGý0RGHOý(YDOXDWLRQý6\VWHPýõ,0(6ôïýý7KHý(0/ýGLVNýFRQWDLQVýRYHUýìëíýPRGHOV
ZKLFKýPD\ýEHýXVHGýIRUýH[SRVXUHýDVVHVVPHQWVýDQGýWUDQVSRUWýPRGHOLQJïýý7KHýPRGHOýILOHVýPD\
FRQWDLQýVRXUFHýDQGîRUýH[HFXWDEOHýFRGHñýVDPSOHýLQSXWýILOHVñýDQGýRWKHUýGDWDýILOHVñýVDPSOHýRXWSXW
ILOHVñýDQGýLQýPDQ\ýFDVHVñýPRGHOýGRFXPHQWDWLRQýLQý:RUG3HUIHFW�ñý$6&,,ýWH[WñýRUýRWKHUýVLPLODU
IRUPDWVïýý,0(6ýDVVLVWVýLQýVHOHFWLQJýDSSURSULDWHýPRGHOVñýSURYLGHVýOLWHUDWXUHýFLWDWLRQVýRQýPRGHO
YDOLGDWLRQVñýDQGýGHPRQVWUDWHVýPRGHOýXQFHUWDLQW\ýSURWRFROVïý7KHý,0(6ýVRIWZDUHýLVýDQý06ð'26
DSSOLFDWLRQñýFDQýEHýXVHGýRQýDQý,QWHOðEDVHGý3&ñýDQGýLVýFDSDEOHýRIýUXQQLQJýRQýDýQHWZRUNïýý0RGHO
FRGHVýDQGýGRFXPHQWDWLRQýFDQýEHýGRZQORDGHGýIURPýWKHý&'ð520ýWRýDýKDUGýGULYHïýý7KHýPRVW
UHFHQWýYHUVLRQñýZKLFKýLVýWKHýWKLUGýHGLWLRQñýKDVýDQý+70/ýLQWHUIDFHýWRýYLHZýPRGHOýGLUHFWRULHVýDQG
,QWHUQHWýVRXUFHýIRUýVRPHýPRGHOVï

%ïæïè 0(1725ýõ0RGHOLQJý(1YLURQPHQWýIRUý72WDOý5LVNô

7KHý0RGHOLQJý(1YLURQPHQWýIRUý72WDOý5LVNýõ0(1725ôýSURMHFWñýLVýEHLQJýGHYHORSHG
WKURXJKýIXQGLQJýIURPý(3$©Vý1DWLRQDOý([SRVXUHý5HVHDUFKý/DERUDWRU\ýõ1(5/ôïýý7KHýREMHFWLYHýRI
WKHýRQðJRLQJý0(1725ýSURMHFWýLVýWRýGHYHORSñýDSSO\ýWKURXJKýFDVHýVWXGLHVñýDQGýHYDOXDWHýVWDWHðRIð
WKHðDUWýFRPSXWDWLRQDOýWRROVñýWKDWýZLOOýVXSSRUWýPXOWLSDWKZD\ñýPXOWLVFDOHýVRXUFHðWRðGRVHýVWXGLHVýDQG
H[SRVXUHýDVVHVVPHQWVýIRUýDýZLGHýUDQJHýRIýHQYLURQPHQWDOýSROOXWDQWVïýý3DUWLFXODUýHPSKDVLVýLQ
0(1725ýLVýSODFHGýRQýLQWHJUDWLQJýPHWKRGVýIRUýSURJQRVWLFýDQGýGLDJQRVWLFýH[SRVXUHîGRVH
DQDO\VHVñýE\ýXWLOL]LQJñýLQýFRPELQDWLRQñýHQYLURQPHQWDOñýPLFURHQYLURQPHQWDOñýDQGýELRPRQLWRULQJ
LQIRUPDWLRQýWRýHYDOXDWHýDVVXPSWLRQVýUHJDUGLQJýURXWHVýDQGýSDWKZD\VýRIýH[SRVXUHï

0(1725ýPHUJHVýWKHýPHWKRGVýDQGýWRROVýRIýWKHýFRPSUHKHQVLYHý([SRVXUHýDQGý'RVH
0RGHOLQJýDQGý$QDO\VLVý6\VWHPýõ('0$6ôýZLWKýWKRVHýFXUUHQWO\ýDYDLODEOHýLQýS1(0ñýDQGýH[WHQGV
WKHPýIRUýDSSOLFDWLRQýWRýVLWXDWLRQVýWKDWýDUHýUHOHYDQWýWRýPXOWLPHGLDýDQGýPXOWLSDWKZD\ýH[SRVXUHVïý
('0$6ýLVýDQýH[SDQGDEOHýOLEUDU\ýRIýLQWHUOLQNHGýFRPSXWDWLRQýPRGXOHVýõ*HRUJRSRXORVýHWýDOï
ìääæôïýý0(1725ýLQFRUSRUDWHVýPRGHOVñýGDWDEDVHVñýDQGýDQDO\WLFýWRROVýZKLFKýFDQ
SUREDELOLVWLFDOO\ýHVWLPDWHýH[SRVXUHVýõDQGýGRVHVôýWRýLQGLYLGXDOVñýSRSXODWLRQVñýDQGýVXVFHSWLEOH
VXESRSXODWLRQVýDVýZHOOýDVýSUHGLFWýDQGýGLDJQRVHýWKHýFRPSOH[ýUHODWLRQVKLSVýEHWZHHQýVRXUFHýDQG
GRVHïýý0(1725ýLVýGHVLJQHGýDVýDýPXOWLVFDOHýPRGHOLQJýV\VWHPñýWKDWýDOORZVýIROORZLQJýLQýD
PHFKDQLVWLFDOO\ýFRQVLVWHQWýPDQQHUýWKHýHYROXWLRQýRIýSK\VLFRFKHPLFDOýSKHQRPHQDýRYHUýVSDWLDO
VFDOHVýUDQJLQJýIURPýJHRJUDSKLFýUHJLRQVýWRýSHUVRQDOýDQGýUHVLGHQWLDOýPLFURHQYLURQPHQWVïýý,W
SURYLGHVýDýFRQVLVWHQWýOLQNýZLWKýELRORJLFDOýXSWDNHýDQGýGLVSRVLWLRQýPRGHOVïýý0(1725ýLVýDOVR
PXOWLVFDOHýLQýWLPHñýGHVLJQHGýWRýVXSSRUWýPRGHOLQJýRIýSURFHVVHVýLQýUDQJHVýIURPýPLQXWHVýWRýGHFDGHVï

0(1725ýKDVýDýPRGXODUýVWUXFWXUHýZLWKýDQýLQWHUIDFHýWKDWýRIIHUVýOLQNDJHýWRýERWKýD
*HRJUDSKLFý,QIRUPDWLRQý6\VWHPýõ$UF9LHZýDQGý$UF,QIRôýDQGýDýUHODWLRQDOýGDWDEDVHýPDQDJHPHQW
V\VWHPýõ2UDFOHôýIRUý¦GHILQLQJ§ýDQýDSSOLFDWLRQýRUýFDVHýVWXG\ïýý0(1725ýLQFRUSRUDWHVýOLEUDULHVýRI
HQYLURQPHQWDOýDQGýELRORJLFDOýSURFHVVýPRGHOVñýLQFOXGLQJýPDFURHQYLURQPHQWDOñ
HFRORJLFDOîIRRGðZHEñýORFDOýPXOWLPHGLDñýPLFURHQYLURQPHQWDOñýDFWLYLW\ýSDWWHUQîH[SRVXUHýHYHQWñ
ELRORJLFDOýIDWHýDQGýWUDQVSRUWñýDQGýGRVHýUHVSRQVHýPRGXOHVïýý0(1725ýZLOOýHYHQWXDOO\ýSURYLGHýDQ
H[WHQVLEOHýVHWýRIýUHDG\ðWRðXVHýPHWKRGRORJLFDOýWRROVñýDVýZHOOýDVýOLQNDJHVýWRýUHOHYDQWýGDWDEDVHVñýIRU
SHUIRUPLQJýDVVHVVPHQWVýRIýH[SRVXUHîGRVHýIRUýSRSXODWLRQVýRUýVSHFLILFýLQGLYLGXDOVñýDQGýIRUýD
YDULHW\ýRIýXVHUðGHILQHGýVFHQDULRVï
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7KHý0(1725ýGHYHORSPHQWýDQGýDSSOLFDWLRQýHIIRUWýLVýEHLQJýSXUVXHGýDWýWKHý&RPSXWDWLRQDO
&KHPRG\QDPLFVý/DERUDWRU\ýõ&&/ôýRIýWKHý(QYLURQPHQWDOýDQGý2FFXSDWLRQDOý+HDOWKý6FLHQFHV
,QVWLWXWHýõ(2+6,ôñýZKLFKýLVýDýMRLQWýSURMHFWýRIýWKHý8QLYHUVLW\ýRIý0HGLFLQHýDQGý'HQWLVWU\ýRIý1HZ
-HUVH\ýõ80'1-ôýDQGý5XWJHUVý8QLYHUVLW\ï

%ïæïç 02'(/6ðêî0XOWLPHGLDý,QWHJUDWHGý0RGHOLQJý6\VWHPýõ0,06ô

7KHý8ï6ïý(3$ý25'©Vý1(5/ýLVýGHYHORSLQJý0RGHOVðêý&RPPXQLW\ý0XOWLðVFDOHý$LUý4XDOLW\
õ&0$4ôýPRGHOLQJýV\VWHPïýý,WýLVýDýIOH[LEOHýVRIWZDUHýV\VWHPýGHVLJQHGýWRýVLPSOLI\ýWKHýGHYHORSPHQW
DQGýXVHýRIýHQYLURQPHQWDOýDVVHVVPHQWýDQGýGHFLVLRQýVXSSRUWýWRROVýIRUýDýZLGHýUDQJHýRIýDSSOLFDWLRQV
IURPýUHJXODWRU\ýDQGýSROLF\ýDQDO\VLVýWRýXQGHUVWDQGLQJýWKHýLQWHUDFWLRQVýRIýDWPRVSKHULFýFKHPLVWU\
DQGýSK\VLFVïýý7KLVýQHZHVWýJHQHUDWLRQýRIýHQYLURQPHQWDOýPRGHOLQJýVRIWZDUHýKDVýEHHQýXQGHU
GHYHORSPHQWýIRUýWKHýSDVWýVHYHQý\HDUVï

0RGHOVðêñýLQýFRPELQDWLRQýZLWKý&0$4ñýIRUPýDýWKLUGýJHQHUDWLRQýDLUýTXDOLW\ýPRGHOLQJýDQG
DVVHVVPHQWýV\VWHPïýý)LUVWýJHQHUDWLRQýDLUýTXDOLW\ýPRGHOVýGHDOWýZLWKýWURSRVSKHULFýDLUýTXDOLW\ýZLWK
VLPSOHýFKHPLVWU\ýDWýORFDOýVFDOHVýXVLQJý*DXVVLDQýSOXPHýIRUPXODWLRQýDVýWKHýEDVLVýIRUýSUHGLFWLRQïý
6HFRQGýJHQHUDWLRQýPRGHOVýFRYHUHGýDýEURDGHUýUDQJHýRIýVFDOHVýõLïHïñýORFDOñýXUEDQñýDQGýUHJLRQDOôýDQG
SROOXWDQWVñýDGGUHVVLQJýHDFKýVFDOHýZLWKýDýVHSDUDWHýPRGHOýDQGýRIWHQýIRFXVLQJýRQýDýVLQJOHýSROOXWDQWïý
7KLUGýJHQHUDWLRQýPRGHOVýWUHDWýPXOWLSOHýSROOXWDQWVýVLPXOWDQHRXVO\ýXSýWRýFRQWLQHQWDOýVFDOHVýDQG
LQFRUSRUDWHýIHHGEDFNýEHWZHHQýFKHPLFDOýDQGýPHWHRURORJLFDOýFRPSRQHQWVïýý)XWXUHýGHYHORSPHQWýLV
SODQQHGýIRUýDýIRXUWKýJHQHUDWLRQýV\VWHPýZKLFKýZRXOGýH[WHQGýOLQNDJHVýDQGýSURFHVVýIHHGEDFNýWR
LQFOXGHýDLUñýZDWHUñýODQGñýDQGýELRWDýWRýSURYLGHýDýPRUHýKROLVWLFýDSSURDFKýWRýVLPXODWLRQýRIýWUDQVSRUW
DQGýIDWHýRIýFKHPLFDOýDQGýQXWULHQWVýWKURXJKRXWýDQýHFRV\VWHPýõ8ï6ïý(3$ýìääåIôïýý7KLVýV\VWHPñ
FDOOHGýWKHý0XOWLPHGLDý,QWHJUDWHGý0RGHOLQJý6\VWHPýõ0,06ôñýLVýGHVFULEHGýEHORZï

0RGHOVðêýKDVýDýXQLTXHýIUDPHZRUNýDQGýVFLHQFHýGHVLJQýWKDWýHQDEOHVýVFLHQWLVWVýDQG
UHJXODWRUVýWRýEXLOGýWKHLUýRZQýPRGHOLQJýV\VWHPVýWRýVXLWýWKHLUýQHHGVïýý7KHý&0$4ýV\VWHPýKDV
FDSDELOLWLHVýIRUýXUEDQýWRýUHJLRQDOðVFDOHýDLUýTXDOLW\ýVLPXODWLRQýRIýWURSRVSKHULFýR]RQHñýDFLG
GHSRVLWLRQñýYLVLELOLW\ñýDQGýILQHýSDUWLFOHVïýý7KHý0RGHOVðêýIUDPHZRUNýFRQWDLQVýFRPSRQHQWVýWKDW
DVVLVWýWKHýPRGHOýGHYHORSHUýZLWKýFUHDWLQJñýWHVWLQJñýDQGýSHUIRUPLQJýFRPSDUDWLYHýDQDO\VLVýRIýQHZ
YHUVLRQVýRIýDLUýTXDOLW\ýPRGHOVýDQGýHQDEOHVýWKHýXVHUýWRýH[HFXWHýDLUýTXDOLW\ýVLPXODWLRQýPRGHOVýDQG
YLVXDOL]HýWKHýUHVXOWVïýý7KHýRYHUDOOýJRDOýRIý0RGHOVðêýLVýWRýVLPSOLI\ýDQGýLQWHJUDWHýWKHýGHYHORSPHQW
DQGýXVHýRIýFRPSOH[ýHQYLURQPHQWDOýPRGHOVñýEHJLQQLQJýZLWKýDLUýTXDOLW\ýDQGýGHSRVLWLRQýPRGHOV
õ8ï6ïý(3$ýìääåIôï

0,06ýZLOOýKDYHýFDSDELOLWLHVýWRýUHSUHVHQWýWKHýWUDQVSRUWýDQGýIDWHýRIýQXWULHQWVýDQGýFKHPLFDO
VWUHVVRUVýRYHUýPXOWLSOHýVFDOHVïýý,WýZLOOýEHýGHVLJQHGýWRýLPSURYHýWKHýHQYLURQPHQWDOýPDQDJHPHQW
FRPPXQLW\©VýDELOLW\ýWRýHYDOXDWHýWKHýLPSDFWýRIýDLUýDQGýZDWHUýTXDOLW\ýDQGýZDWHUVKHGýPDQDJHPHQW
SUDFWLFHVýRQýVWUHDPýDQGýHVWXDULQHýFRQGLWLRQVïýý7KHýV\VWHPýZLOOýSURYLGHýDýFRPSXWHUðEDVHGýSUREOHP
VROYLQJýHQYLURQPHQWýIRUýWHVWLQJýXQGHUVWDQGLQJýRIýPXOWLPHGLDýõDWPRVSKHUHñýODQGñýZDWHUô
HQYLURQPHQWDOýSUREOHPVñýVXFKýDVýWKHýPRYHPHQWýRIýFKHPLFDOVýWKURXJKýWKHýK\GURORJLFýF\FOHñýRUýWKH
UHVSRQVHýRIýDTXDWLFýHFRORJLFDOýV\VWHPVýWRýODQGðXVHýFKDQJHñýZLWKýLQLWLDOýHPSKDVLVýRQýWKHýILVK
KHDOWKýHQGSRLQWïýý7KHýGHVLJQýZLOOýDWWHPSWýWRýFRPELQHýWKHýVWDWHðRIðWKHðDUWýLQýFRPSXWHUýVFLHQFHñ
V\VWHPýGHVLJQñýDQGýQXPHULFDOýDQDO\VLVýõLïHïýREMHFWýRULHQWHGýDQDO\VLVýDQGýGHVLJQñýSDUDOOHO
SURFHVVLQJñýDGYDQFHGýQXPHULFDOýOLEUDULHVýLQFOXGLQJýDQDO\WLFýHOHPHQWVôýZLWKýWKHýODWHVW
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DGYDQFHPHQWVýLQýSURFHVVýOHYHOýVFLHQFHýõSURFHVVýFKHPLVWU\ñýK\GURORJ\ñýDWPRVSKHULFýDQGýHFRORJLFDO
VFLHQFHôïýý7KHýSUREOHPýVROYLQJýHQYLURQPHQWýZLOOýHPEUDFHýWKHýZDWHUVKHGîDLUVKHGýDSSURDFKýWR
HQYLURQPHQWDOýPDQDJHPHQWñýDQGýEXLOGýXSRQýWKHýODWHVWýWHFKQRORJLHVýIRUýHQYLURQPHQWDOýPRQLWRULQJ
DQGýJHRJUDSKLFýUHSUHVHQWDWLRQï

%ïæïæ 6+('6ýõ6WRFKDVWLFý+XPDQý([SRVXUHýDQGý'RVHý6LPXODWLRQôý0RGHO

7KHý6WRFKDVWLFý+XPDQý([SRVXUHýDQGý'RVHý6LPXODWLRQýõ6+('6ôý0RGHOýLVýDýSUREDELOLVWLFñ
SK\VLFDOO\ðEDVHGýPRGHOýWKDWýVLPXODWHVýDJJUHJDWHýH[SRVXUHýDQGýGRVHýIRUýSRSXODWLRQýFRKRUWVýDQG
PXOWLPHGLDýSROOXWDQWVýRIýLQWHUHVWïýý,WýLVýEHLQJýGHYHORSHGýE\ýWKHý8ï6ïý(3$ý25'©Vý1(5/ïýý$W
SUHVHQWýWKHýPRGHOýLVýDSSOLHGýWRýDVVHVVýFKLOGUHQ©VýH[SRVXUHVýWRýSHVWLFLGHVýõ6+('6ð3HVWLFLGHVôýDQG
SRSXODWLRQýH[SRVXUHVýWRý30ýõ6+('6ð30ôïýý7KHýNH\ýREMHFWLYHVýRIý6+('6ýDUHãýýõìôýWRýLPSURYH
WKHýULVNýDVVHVVPHQWýSURFHVVýE\ýSUHGLFWLQJýERWKýLQWHUðLQGLYLGXDOýYDULDELOLW\ýDQGýXQFHUWDLQWLHV
DVVRFLDWHGýZLWKýWKHýXSSHUýSHUFHQWLOHVýõHïJïñý!äíWKýSHUFHQWLOHôýRIýSRSXODWLRQýH[SRVXUHýDQGýGRVH
GLVWULEXWLRQVâýõëôýWRýLPSURYHýWKHýULVNýPDQDJHPHQWýSURFHVVýE\ýLGHQWLI\LQJýFULWLFDOýH[SRVXUHýURXWHV
DQGýSDWKZD\VâýDQGýõêôýWRýSURYLGHýDýIUDPHZRUNýIRUýLGHQWLI\LQJýDQGýSULRULWL]LQJýPHDVXUHPHQWýQHHGV
DQGýWRýIRUPXODWHýWKHýPRVWýDSSURSULDWHýK\SRWKHVHVýDQGýGHVLJQVýIRUýH[SRVXUHýVWXGLHVï

6+('6ð30ýHVWLPDWHVýWKHýSRSXODWLRQýGLVWULEXWLRQýRIý30ýH[SRVXUHýE\ýVDPSOLQJýIURP
GLVWULEXWLRQVýRIýDPELHQWý30ýFRQFHQWUDWLRQVýDQGýIURPýGLVWULEXWLRQVýRIýHPLVVLRQýVWUHQJWKVýIRU
LQGRRUýVRXUFHVýRIý30ñýVXFKýDVýFLJDUHWWHýVPRNLQJýDQGýFRRNLQJïýý$ýVWHDG\ðVWDWHýPDVVýEDODQFH
HTXDWLRQýLVýXVHGýWRýFDOFXODWHý30ýFRQFHQWUDWLRQVýIRUýWKHýKRPHýPLFURHQYLURQPHQWïýý7KHýSK\VLFDO
IDFWRUVýGDWDýXVHGýLQýWKHýHTXDWLRQýõHïJïñýDLUýH[FKDQJHýUDWHñýSHQHWUDWLRQýUDWHñýGHSRVLWLRQýUDWHôýDUHýDOVR
VDPSOHGýIURPýGLVWULEXWLRQVïýý1RQðUHVLGHQWLDOýPLFURHQYLURQPHQWDOýFRQFHQWUDWLRQVýDUHýFDOFXODWHG
EDVHGýRQýSHQHWUDWLRQýRIýRXWGRRUý30ýDQGýLQGRRUýVRXUFHVïýý$GGLWLRQDOýPRGHOýLQSXWVýLQFOXGH
GHPRJUDSKLFýGDWDýIRUýWKHýSRSXODWLRQýEHLQJýPRGHOHGýDQGýKXPDQýDFWLYLW\ýSDWWHUQýGDWDýIURPýWKH
1DWLRQDOý+XPDQý$FWLYLW\ý3DWWHUQý6XUYH\ýõ1+$36ôïýý2XWSXWýIURPýWKHý6+('6ð30ýPRGHO
LQFOXGHVýGLVWULEXWLRQVýRIý30ýH[SRVXUHVýLQýYDULRXVýPLFURHQYLURQPHQWVýõHïJïñýLQGRRUVýDWýKRPHñýLQ
YHKLFOHVñýRXWGRRUVôýDQGýWKHýUHODWLYHýFRQWULEXWLRQVýRIýWKHVHýYDULRXVýPLFURHQYLURQPHQWVýWRýWKHýWRWDO
H[SRVXUHï

7KHýILUVWýJHQHUDWLRQýRIý6+('6ð30ýKDVýEHHQýDSSOLHGýWRýWKHýSRSXODWLRQýRIý9DQFRXYHUñ
&DQDGDýXVLQJýVSDWLDOO\ýLQWHUSRODWHGýDPELHQWý30ìíýPHDVXUHPHQWVýõg]ND\QDNýHWýDOïýìäääDñýEôý
6XEVHTXHQWýJHQHUDWLRQVýZLOOýIRFXVýRQýPRGHOLQJýERWKý30ìíýDQGý30ëïèýH[SRVXUHýDQGýGRVHýLQýD
VHOHFWHGý8ï6ïýFLW\ïý

6+('6ð3HVWLFLGHVýSUHGLFWVýFKLOGUHQ©VýDJJUHJDWHýSRSXODWLRQýH[SRVXUHýDQGýGRVHýWR
SHVWLFLGHVïýý,WýVLPXODWHVýLQGLYLGXDOVýIURPýWKHýXVHUðVSHFLILHGýSRSXODWLRQýFRKRUWýE\ýVHOHFWLQJýGDLO\
VHTXHQWLDOýWLPHîORFDWLRQîDFWLYLW\ýGLDULHVýIURPýVXUYH\VýFRQWDLQHGýLQý(3$©Vý&+$'ýõHïJïñýWKH
1DWLRQDOý+XPDQý$FWLYLW\ý3DWWHUQý6XUYH\ôïýý)RUýHDFKýLQGLYLGXDOñý6+('6ð3HVWLFLGHVýFRQVWUXFWV
GDLO\ýH[SRVXUHýDQGýGRVHýWLPHýSURILOHVýIRUýWKHýLQKDODWLRQñýGLHWDU\ýDQGýQRQðGLHWDU\ýLQJHVWLRQñýDQG
GHUPDOýFRQWDFWýH[SRVXUHýURXWHVñýWKHQýDJJUHJDWHVýWKHýGRVHýSURILOHVýDFURVVýURXWHVïýý$ýVLQJOHð
FRPSDUWPHQWýSKDUPDFRNLQHWLFýFRPSRQHQWýKDVýEHHQýLQFRUSRUDWHGýLQWRýWKHýILUVWýJHQHUDWLRQ
6+('6ð3HVWLFLGHVýPRGHOýWRýSUHGLFWýUHDOðWLPHýSROOXWDQWýRUýPHWDEROLWHýFRQFHQWUDWLRQVýLQýWKHýEORRG
FRPSDUWPHQWýRUýHOLPLQDWHGýXULQHïýý([SRVXUHýDQGýGRVHýPHWULFVýRIýLQWHUHVWýõHïJïñýSHDNñýWLPHð
DYHUDJHGñýWLPHðLQWHJUDWHGôýDUHýH[WUDFWHGýIURPýWKHýLQGLYLGXDO©VýSURILOHVñýDQGýWKHýSURFHVVýLV
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UHSHDWHGýWKRXVDQGVýRIýWLPHVýWRýREWDLQýSRSXODWLRQýGLVWULEXWLRQVïýý7KLVýDSSURDFKýDOORZV
LGHQWLILFDWLRQýRIýWKHýUHODWLYHýLPSRUWDQFHýRIýURXWHVñýSDWKZD\VñýDQGýPRGHOýLQSXWVïýý7ZRðVWDJH
0RQWHð&DUORýVDPSOLQJýLVýDSSOLHGýWRýSUHGLFWýWKHýUDQJHýDQGýGLVWULEXWLRQýRIýDJJUHJDWHýGRVHVýZLWKLQ
WKHýVSHFLILHGýSRSXODWLRQýDQGýWKHýXQFHUWDLQWLHVýDVVRFLDWHGýZLWKýSHUFHQWLOHVýRIýLQWHUHVWï

6+('6ð3HVWLFLGHVýVDPSOHVñýIRUýHDFKýLQGLYLGXDOñýORFDWLRQðVSHFLILFýDLUñýGXVWñýVRLOñýDQG
VXUIDFHýUHVLGXHýOHYHOVâýPHDOðVSHFLILFýIRRGýDQGýEHYHUDJHýUHVLGXHVâýH[SRVXUHýIDFWRUVýõHïJïñýUHVLGXHð
WRðVNLQýWUDQVIHUýHIILFLHQF\ñýVDOLYDýDQGýZDVKLQJýUHPRYDOýHIILFLHQF\ñýVRLOýDGKHUHQFHñýVXUIDFHýDUHD
FRQWDFWHGôâýXSWDNHýIDFWRUVýõHïJïñýLQKDODWLRQýDQGýGLHWDU\ýDEVRUSWLRQýIUDFWLRQVôâýDQGýSKDUPDFRNLQHWLF
UDWHýFRQVWDQWVýõHïJïñýGHUPDOýDEVRUSWLRQñýJDVWURLQWHVWLQDOýDEVRUSWLRQñýHOLPLQDWLRQôýIURPýXVHUð
VSHFLILHGýSUREDELOLW\ýGLVWULEXWLRQVïýýý)RUýHDFKýORFDWLRQîDFWLYLW\ýFRPELQDWLRQýLQýWKHýLQGLYLGXDOöV
GLDU\ñý6+('6ð3HVWLFLGHVýFRPELQHVýWKHýDLUýFRQFHQWUDWLRQñýDFWLYLW\ðVSHFLILFýLQKDODWLRQýUDWH
õGHULYHGýIURPýGLVWULEXWLRQVýRIý0(7ýHQHUJ\ýH[SHQGLWXUHVôñýDQGýLQKDODWLRQýDEVRUSWLRQýIUDFWLRQýWR
HVWLPDWHýUHDOðWLPHýLQKDODWLRQýDEVRUEHGýGRVHïýý)RUýHDFKýHDWLQJýRUýGULQNLQJýHYHQWñý6+('6ð
3HVWLFLGHVýFRPELQHVýWKHýPDVVýUHVLGXHýLQJHVWHGýE\ýWKHýLQJHVWLRQýDEVRUSWLRQýIUDFWLRQýWRýREWDLQýPDVV
LQýWKHýJDVWURLQWHVWLQDOýWUDFWñýWKHQýDSSOLHVýDýJDVWURLQWHVWLQDOýDEVRUSWLRQýUDWHýFRQVWDQWýWRýHVWLPDWH
UHDOðWLPHýPDVVýLQýWKHýEORRGýFRPSDUWPHQWïýý,IýWKHýHDWLQJýHYHQWýLVýQRQðGLHWDU\ñýWKHýPDVVýRIýUHVLGXH
LQJHVWHGýLVýWKDWýRQýWKHýREMHFWýPRXWKHGýRUýWKHýVNLQýDWýWKDWýLQVWDQWýLQýWLPHïýý7KHýGHUPDOýORDGLQJýRYHU
WLPHýLVýREWDLQHGýE\ýVLPXODWLQJýH[SRVXUHVýIURPýGLVFUHWHýGHUPDOýFRQWDFWýHYHQWVýõLïHïñýFRQWDFWV
EHWZHHQýWKHýVNLQýVXUIDFHýDQGýGLIIHUHQWýREMHFWVýVXFKýDVýVPRRWKýVXUIDFHVñýWH[WXUHGýVXUIDFHVñýPRXWKñ
WXUIôýZLWKLQýHDFKýPDFURðDFWLYLW\ïýý3UREDELOLWLHVýRIýVNLQýFRQWDFWVýZLWKýGLIIHUHQWýVXUIDFHVýIRUýDýJLYHQ
FRQWDFWýHYHQWýDUHýREWDLQHGýIURPýWKHýFRQWDFWýIUHTXHQF\ýDQGýGXUDWLRQýLQIRUPDWLRQýFROOHFWHGýYLD
YLGHRJUDSK\ýVWXGLHVïýý)RUýHDFKýGHUPDOýFRQWDFWýHYHQWñýWKHýPRGHOýFRPELQHVýDYDLODEOHýPDVVýRQýWKH
VNLQýE\ýDýGHUPDOýDEVRUSWLRQýUDWHýFRQVWDQWýWRýHVWLPDWHýUHDOðWLPHýGHUPDOýDEVRUEHGýGRVHï

7RýKHOSýPHHWýWKHýUHTXLUHPHQWVýRIýWKHý)RRGýTXDOLW\ý3URWHFWLRQý$FWýRIýìääçýõ)43$ôñýWKH
LQLWLDOýIRFXVýRIýWKHý6+('6ð3HVWLFLGHVýPRGHOýKDVýEHHQýUHVLGHQWLDOýH[SRVXUHVýRIýFKLOGUHQýWR
SHVWLFLGHVïýý0RGHOýHVWLPDWHVýIRUýFKORUS\ULIRVýKDYHýEHHQýREWDLQHGýIRUýVHYHUDOýDSSOLFDWLRQýPHWKRGV
õLïHïñýEURDGFDVWñýFUDFNñýDQGýFUHYLFHôýDQGýDJHýJURXSVýõíðéý\HDUVñýèðäý\HDUVôýIRUýDFXWHñýVKRUWðWHUPñ
DQGýFKURQLFýSRVWðDSSOLFDWLRQýWLPHýSHULRGVñýDQGýWKHQýZHLJKWHGýZLWKýDYDLODEOHýSHVWLFLGHýXVHýDQG
IUHTXHQF\ýLQIRUPDWLRQýWRýGHYHORSýDJJUHJDWHýSRSXODWLRQýHVWLPDWHVïýý$ýSDSHUýGHVFULELQJýWKHýLQLWLDO
6+('6ð3HVWLFLGHVýPRGHOLQJýIUDPHZRUNñýSUHVHQWLQJýWKHýFKORUS\ULIRVýFDVHýVWXG\ñýDQG
GHPRQVWUDWLQJýWKDWýWKHýPRGHOHGýHVWLPDWHVýFRPSDUHýZHOOýDJDLQVWýDYDLODEOHýSXEOLVKHGýPHDVXUHPHQW
GDWDýKDVýEHHQýVXEPLWWHGýIRUýSXEOLFDWLRQýõ=DUWDULDQýHWýDOïýìäääôï

:KLOHýWKHýILUVWýJHQHUDWLRQý6+('6ð3HVWLFLGHVýPRGHOýZDVýGHYHORSHGýZLWKýDýVSHFLDO
HPSKDVLVýRQýFKDUDFWHUL]LQJýFULWLFDOýH[SRVXUHýSDWKZD\VýDQGýIDFWRUVýIRUýUHVLGHQWLDOýH[SRVXUHVýRI
FKLOGUHQýWRýSHVWLFLGHVñýWKHýQH[WýJHQHUDWLRQýZLOOýFKDUDFWHUL]HýERWKýDJJUHJDWHýDQGýFXPXODWLYHýGRVH
DVVRFLDWHGýZLWKýKXPDQýH[SRVXUHýõLïHïñýIRUýERWKýDGXOWVýDQGýFKLOGUHQôýWRýDýYDULHW\ýRIýHQYLURQPHQWDO
SROOXWDQWVýLQýDGGLWLRQýWRýSHVWLFLGHVñýLQFOXGLQJýRWKHUýSHUVLVWHQWýRUJDQLFýSROOXWDQWVñýPHWDOVñýDQGýDLU
WR[LFVïýý6+('6ð3HVWLFLGHVýZLOOýHYHQWXDOO\ýEHýH[SDQGHGýWRýLQFOXGHýVRXUFHðWRðFRQFHQWUDWLRQýõLïHïñ
IDWHýDQGýWUDQVSRUWýPRGHOVôýDQGýPRUHýFRPSOHWHýH[SRVXUHðWRðGRVHýPRGHOVýõSKDUPDFRNLQHWLFýRU
GRVLPHWULFýPRGHOVôï

(DFKýLWHUDWLRQýRIý6+('6ýZLOOýXVHýWKHýEHVWýDYDLODEOHýGDWDýWRýLGHQWLI\ýFULWLFDOýSDWKZD\VýRI
KXPDQýH[SRVXUHýDQGýGRVHýDQGýWKHýPDMRUýXQFHUWDLQWLHVýLQýWKRVHýSDWKZD\Vïýý0RGHOýLQSXWVýDQG
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DVVXPSWLRQVýZLOOýFRQWLQXHýWRýEHýUHLQHGýDVýQHZýPHDVXUHPHQWýGDWDýEHFRPHýDYDLODEOHýõHïJïñ
SHVWLFLGHýXVDJHýVXUYH\ýGDWDñýUHVLGXHýDQGýFRQFHQWUDWLRQýGLVWULEXWLRQVýLQýVSDFHýDQGýWLPHñýUHVLGXHðWRð
VNLQýWUDQVIHUýHIILFLHQFLHVñýXSWDNHýGDWDñýPLFUROHYHOýDFWLYLW\ýGDWDñýHPLVVLRQýVRXUFHýVWUHQJWKVñýDLU
H[FKDQJHýUDWHVñýSHQHWUDWLRQýUDWHVôïýý7KHýPRGHOýZLOOýEHýWHVWHGýDJDLQVWýILHOGýPHDVXUHPHQWýSURJUDPV
IRUýUHILQHPHQWýDQGýVXEVHTXHQWýHYDOXDWLRQï

7DEOHý%ðì
0RGHOý)HDWXUHVýDQGýWKHý([SRVXUHý0RGHOVý$VVRFLDWHGýZLWKý(DFKý)HDWXUH

)HDWXUH 0RGHO 5HPDUNV

6KRUWðWHUPý
õ&ýìýKôý
H[SRVXUHýHYHQWV

&3,(0
2WKHUýEXLOWðLQýWLPHýVFDOHVýLQFOXGHãýýëéýKRXUVñýìëýKRXUVýõGD\WLPHôñýìë
KRXUVýõQLJKWWLPHôñýDQGýåýKRXUVï

S1(0

,QKDODWLRQýH[SRVXUHVýFDQýEHýFDOFXODWHGýIRUýLýPLQXWHýWRýëéýKRXUV
GHSHQGLQJýRQýWKHýSROOXWDQWï
([SRVXUHVýDUHýJHQHUDOO\ýIRUýìðKRXUýõèðPLQXWHýGXUDWLRQýIRUý62ëôïý
+RZHYHUñýDFWLYLWLHVýFDQýEHýDVýVKRUWýDVýìðPLQXWHýLQýGXUDWLRQï

+$3(0ð36 $QQXDOO\ýDYHUDJHGýìðKRXUýLQFUHPHQWVï

+$3(0 6HDVRQDOO\ýõêðPRQWKôýDYHUDJHGýìðKRXUýLQFUHPHQWVï

$LU3([ ìèðPLQXWHV

6+$3(
([SRVXUHVýDUHýJHQHUDOO\ýIRUýìðKRXUïýý+RZHYHUñýDFWLYLWLHVýFDQýEHýDV
VKRUWýDVýìðPLQXWHýLQýGXUDWLRQï

'(50
'HUPDOýH[SRVXUHVýDUHýHVWLPDWHGýRYHUýWKHýGD\ýEDVHGýRQýGHUPDOýFRQWDFW
HYHQWVýUDQJLQJýIURPýVHFRQGVýWRýPLQXWHVï

6+('6
õXQGHUýGHYHORSPHQWô

,QKDODWLRQýH[SRVXUHVýFDQýEHýFDOFXODWHGýIRUýìýPLQXWHýWRýìëýKRXUVñ
GHSHQGLQJýRQýWKHýSROOXWDQWýDQGýGLDU\ýVHOHFWHGïýý'HUPDOýDQGýQRQð
GLHWDU\ýLQJHVWLRQýH[SRVXUHVýFDQýEHýDVýVKRUWýDVýDýèðVHFRQGýGXUDWLRQïý
'LDULHVýDUHýXVHGýWRýGHWHUPLQHýLQJHVWLRQýHYHQWVïýý0RGHOHGýGLHWDU\
LQJHVWLRQýH[SRVXUHVýIRUýHDFKýHDWLQJýDQGýGULQNLQJýHYHQWýDUHýDVVXPHG
LQVWDQWDQHRXVñýEXWýDEVRUSWLRQýLVýFDOFXODWHGýRQýDýêíðPLQXWHýWLPHýVFDOHï

%($0 ìýKRXUï

S+$3 ìýKRXUï

/RQJðWHUP
H[SRVXUHýHYHQWV

&DO72; $QQXDOï

6+('6
õXQGHUýGHYHORSPHQWô

'DLO\ýH[SRVXUHýDQGýGRVHýSURILOHVýFRXOGýEHýUHSHDWHGýRYHUýORQJHU
GXUDWLRQVýEDVHGýRQýPXOWLðGD\ýDFWLYLW\ýDQGýFRQWDFWýIUHTXHQF\
LQIRUPDWLRQï

+(0 $QQXDOï

6&5($0ë $QQXDOï

([SRVXUHýPHGLD &3,(0 ,QGRRUýDLUýõPXOWLSOHýPLFURHQYLURQPHQWVôï

S1(0 ,QGRRUýDLUýDQGýRXWGRRUýDLUï

+$3(0 ,QGRRUýDLUýDQGýRXWGRRUýDLUï

$LU3([ ,QGRRUýDLUýDQGýRXWGRRUýDLUï
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+(0 ,QGRRUýDLUýDQGýRXWGRRUýDLUï

6+$3( ,QGRRUýDLUýDQGýRXWGRRUýDLUï

%($0 ,QGRRUýDLUýDQGýRXWGRRUýDLUï

S+$3 ,QGRRUýDLUýDQGýRXWGRRUýDLUï

&216(;32
,QGRRUýDLUñýSHUVRQDOýDLUñýDQGýFRQWDFWýZLWKýVXUIDFHVýõERWKýRUDOýDQG
GHUPDOôï

&DO72;
,QGRRUýDLUâýRXWGRRUýDLUâýVRLOâýKRXVHýGXVWâýWDSýZDWHUâýIRRGýIURPýKRPH
JDUGHQVýDQGýORFDOO\ðSURGXFHGýIUXLWVñýYHJHWDEOHVñýJUDLQVñýILVKñýPHDWñ
PLONñýHJJVâýDQGýGDLU\ýSURGXFWVï

6+('6
õXQGHUýGHYHORSPHQWô

,QGRRUýDLUâýRXWGRRUýDLUâýVRLOâýKRXVHýGXVWâýVXUIDFHýUHVLGXHVýõLQGRRUýDQG
ODZQôâýKDQGýDQGýREMHFWýUHVLGXHVâýWDSýZDWHUâýIRRGýDQGýEHYHUDJH
UHVLGXHV

0062,/6
,QGRRUýDLUâýRXWGRRUýDLUâýVRLOâýKRXVHýGXVWâýWDSýZDWHUâýIRRGýIURPýKRPH
JDUGHQVýDQGýORFDOO\ðSURGXFHGýIUXLWVñýYHJHWDEOHVñýJUDLQVñýILVKñýPHDWñ
PLONñýHJJVâýDQGýGDLU\ýSURGXFWVï

86(6
,QGRRUýDLUâýRXWGRRUýDLUâýVRLOâýKRXVHýGXVWâýWDSýZDWHUâýIRRGýIURPýKRPH
JDUGHQVýDQGýORFDOO\ðSURGXFHGýIUXLWVñýYHJHWDEOHVñýJUDLQVñýILVKñýPHDWñ
PLONñýHJJVâýDQGýGDLU\ýSURGXFWVï

%($'6 ,QGRRUýDLUñýRXWGRRUýDLUñýDQGýWDSýZDWHUï

6&5($0ë
,QGRRUýDLUâýRXWGRRUýDLUâýVRLOâýWDSýZDWHUâýIRRGýIURPýKRPHýJDUGHQVâýORFDOO\ð
JURZQýSURGXFHâýORFDOO\ðUDLVHGýDQLPDOýSURGXFWVñýLQFOXGLQJýILVKâýDQG
EUHDVWýPLONï

'(50 /LTXLGñýDLUñýVRLOýRQýVXUIDFHVñýGXVWýRQýVXUIDFHVñýUHVLGXHVýRQýVXUIDFHVï

'(50$/ &RQWDFWýZLWKýVXUIDFHVýõGHUPDOôï

0RGHOV
LQKDODWLRQýRQO\

&3,(0 'HVLJQHGýIRUýLQGRRUýH[SRVXUHVýWRýQXPHURXVýSROOXWDQWVï

S1(0
0RGHOVýDUHýSROOXWDQWðVSHFLILFýõHïJïñýR]RQHñýFDUERQýPRQR[LGHñýVXOIXU
GLR[LGHôïýý&XUUHQWýGHYHORSPHQWýLVýRQý&2ðYHUVLRQï

+$3(0 )RUýFULWHULDýDQGýPRGHOHGýDLUýWR[LFýSROOXWDQWVï

$LU3([ 'HIDXOWýYDOXHVýDYDLODEOHýIRUýEHQ]HQHñý%õDô3ñýR]RQHñýDQGý30ï

+(0 0XOWLSOHýJDVðýDQGýSDUWLFOHðSKDVHýDJHQWVýIURPýRXWGRRUýVRXUFHVï

6+$3( 0RGHOýGHVLJQHGýIRUýLQKDODWLRQýH[SRVXUHVýWRý&2ï

%($0 0RGHOýIRUýEHQ]HQHýRQO\ï

S+$3
0XOWLSOHýJDVðýDQGýSDUWLFOHðSKDVHýDJHQWVýIURPýRXWGRRUýVRXUFHVïýý+DV
EHHQýWHVWHGýXVLQJýEHQ]HQHï

0RGHOVýQRQð
LQKDODWLRQýURXWHV
RIýH[SRVXUH

&216(;32
,QKDODWLRQñýLQJHVWLRQñýDQGýGHUPDOýFRQWDFWýRIýFKHPLFDOVýIURPýFRQVXPHU
SURGXFWVïýý,QGRRUýVRXUFHVýRQO\ï

&DO72;
,QKDODWLRQñýLQJHVWLRQñýDQGýGHUPDOýFRQWDFWýRIýRUJDQLFýFKHPLFDOVýDQG
VRPHýPHWDOVï
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0062,/6
,QKDODWLRQñýLQJHVWLRQñýDQGýGHUPDOýFRQWDFWýRIýRUJDQLFýFKHPLFDOVýDQG
PHWDOýVSHFLHVýIURPýKD]DUGRXVýZDVWHýVLWHVï

86(6
,QKDODWLRQñýLQJHVWLRQñýDQGýGHUPDOýFRQWDFWýRIýRUJDQLFýFKHPLFDOVýDQG
VRPHýPHWDOýVSHFLHVï

%($'6 ,QKDODWLRQñýLQJHVWLRQñýDQGýGHUPDOýFRQWDFWýWRýEHQ]HQHýRQO\ï

6+('6
õXQGHUýGHYHORSPHQWô

,QKDODWLRQñýGLHWDU\ýDQGýQRQðGLHWDU\ýLQJHVWLRQñýGHUPDOýFRQWDFWýIRU
PXOWLPHGLDýSROOXWDQWVï

6&5($0ë
,QKDODWLRQñýLQJHVWLRQñýDQGýGHUPDOýFRQWDFWýWRýQXPHURXVýPRGHOHGýDLU
WR[LFVï

'(50 'HUPDOýH[SRVXUHýWRýSHVWLFLGHVï

'(50$/
&DOFXODWHVýVFUHHQLQJðOHYHOýHVWLPDWHVýRIýDQQXDOýLQGLYLGXDOýGHUPDO
SRWHQWLDOýGRVHýUDWHVýWRýFRPSRQHQWVýRIýìçýFRQVXPHUýSURGXFW
FDWHJRULHVï

([SOLFLW
WUHDWPHQWýRI
YDULDELOLW\

&3,(0

6HYHUDOýSDUDPHWHUVýDUHýVDPSOHGýIURPýGLVWULEXWLRQVñýLQFOXGLQJýWKH
FRQFHQWUDWLRQýGDWDïýý$ýYDULHW\ýRIýIRUPDWVýIRUýGHVFULELQJýWKH
FRQFHQWUDWLRQýGLVWULEXWLRQýLVýDOORZHGýE\ýWKHýPRGHOñýLQFOXGLQJýSURYLVLRQ
RIýDýGDWDýILOHýFRQWDLQLQJýWKHýFRQFHQWUDWLRQýYDOXHVïýý$ýUDQGRPýQXPEHU
VHHGýFDQýEHýVHOHFWHGýE\ýWKHýXVHUýRUýWKHýPRGHOýFDQýXVHýWKHýV\VWHP©V
FORFNýWRýGHWHUPLQHýWKHýVHHGï

&DO72;
9DULDELOLW\ýLQýH[SRVXUHýIDFWRUVýDQGýLQýODQGVFDSHýIDFWRUVýDUHýH[SOLFLWO\
UHSUHVHQWHGýE\ýSUREDELOLW\ýGLVWULEXWLRQVï

S1(0
(QYLURQPHQWDOñýGHPRJUDSKLFýõHïJïñýDFWLYLW\ýSDWWHUQýDQGýYHQWLODWLRQ
GDWDôñýDQGýPDVVýEDODQFHýLQSXWVýDUHýFKDUDFWHUL]HGýE\ýGLVWULEXWLRQVï

+$3(0 0RVWýLQSXWýSDUDPHWHUVýDUHýFKDUDFWHUL]HGýE\ýGLVWULEXWLRQVï

$LU3([
([SRVXUHýGLVWULEXWLRQVýIRUýWKHýSRSXODWLRQýDUHýFKDUDFWHUL]HGýE\ýWKH
QRUPDOL]HGýFXPXODWLYHýIUHTXHQF\ýGLVWULEXWLRQï

6+('6
õXQGHUýGHYHORSPHQWô

0RGHOýVDPSOHVýIURPýXVHUðVSHFLILHGýLQSXWýSUREDELOLW\ýGLVWULEXWLRQVýIRU
UHVLGXHVýDQGýH[SRVXUHýIDFWRUVïýý0RQWHý&DUORýVDPSOLQJýDOORZVýDQDO\VHV
RIýLQSXWýDQGýRXWSXWýYDULDELOLW\ï

+(0

6+$3(
0RGHOýJHQHUDWHVýDýK\SRWKHWLFDOýSRSXODWLRQñýVDPSOLQJýHDFKýGHVFULSWLYH
SDUDPHWHUýRIýDQýLQGLYLGXDOýõHïJïñýDJHñýJHQGHUñýERG\ýPDVVôýIURPýDýXVHUð
VSHFLILHGýGLVWULEXWLRQýIXQFWLRQï

'(50
9DULDELOLW\ýTXDQWLILHGýE\ýDSSO\LQJýERRWVWUDSýPHWKRGýWRýGHUPDOýH[SRVXUH
HVWLPDWHVýIRUýLQGLYLGXDOV

%($0

S+$3

([SOLFLW
WUHDWPHQWýRI
XQFHUWDLQW\

&3,(0

8VHUýVSHFLILHVýDOOýLQSXWVïýý7KHQñýWKHýPRGHOýLVýUXQýVHYHUDOýWLPHVýZLWKýDOO
LQSXWVýNHSWýFRQVWDQWýH[FHSWýWKHýUDQGRPýQXPEHUýVHHGïýý9DULDELOLW\ýIRU
HDFKýRXWSXWýSDUDPHWHUýDFURVVýUHSHDWHGýPRGHOýUXQVýLVýFKDUDFWHUL]HG
WKURXJKýDýPHDVXUHýVXFKýDVýWKHýFRHIILFLHQWýRIýYDULDWLRQï

6+('6
õXQGHUýGHYHORSPHQWô

7ZRðVWDJHý0RQWHý&DUORýVDPSOLQJýDOORZVýIRUýH[SOLFLWýFKDUDFWHUL]DWLRQýRI
ERWKýXQFHUWDLQW\ýDQGýYDULDELOLW\ïýý0RGHOýVDPSOHVýIURPýXVHUðVSHFLILHG
LQSXWýSUREDELOLW\ýGLVWULEXWLRQVýDQGýWKHLUýDVVRFLDWHGýXQFHUWDLQW\
GLVWULEXWLRQVï
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&DO72;
$OOýFKHPLFDOðVSHFLILFýSURSHUW\ýGDWDýDUHýUHSUHVHQWHGýE\ýSUREDELOLW\
GLVWULEXWLRQVï

+(0

S1(0
7KHýPRGHOýLVýJHQHUDOO\ýUXQýìíýWLPHVýXVLQJýDý0RQWHý&DUORýVLPXODWLRQ
DSSURDFKýIRUýHDFKýUHJXODWRU\ýVFHQDULRýDQDO\]HGï

0DVVýEDODQFH
DSSURDFKýIRU
LQGRRU
FRQFHQWUDWLRQV

S1(0
0DVVýEDODQFHýPRGHOýDFFRXQWVýIRUýRXWGRRUýFRQFHQWUDWLRQñýDLUýH[FKDQJH
UDWHñýEXLOGLQJýYROXPHñýEXLOGLQJýSHQHWUDWLRQýUDWHñýGHSRVLWLRQýUDWHñýDQG
LQGRRUýHPLVVLRQýUDWHVýDQGýXVDJHýSDWWHUQVýIRUýVRPHýLQGRRUýVRXUFHVï

6+('6
õXQGHUýGHYHORSPHQWô

0DVVýEDODQFHýPRGHOýDFFRXQWVýIRUýRXWGRRUýFRQFHQWUDWLRQñýDLUýH[FKDQJH
UDWHñýEXLOGLQJýYROXPHñýDQGýLQGRRUýHPLVVLRQýUDWHVñýDQGýXVDJHýSDWWHUQVý

&3,(0
8VHVýDýPDVVýEDODQFHýHTXDWLRQñýEDVHGýRQýWKHýSULQFLSOHýRIýFRQVHUYDWLRQ
RIýPDVVñýWRýHVWLPDWHýFRQFHQWUDWLRQýGLVWULEXWLRQVýIRUýVSHFLILFýW\SHVýRI
LQGRRUýHQYLURQPHQWVýVXFKýDVýUHVLGHQFHVñýRIILFHVñýDQGýVFKRROVï

6&5($0ë
2SWLRQDOýXVHýRIýPDVVýEDODQFHýPRGHOýWKDWýDFFRXQWVýIRUýRXWGRRU
FRQFHQWUDWLRQñýDLUýH[FKDQJHýUDWHñýDQGýLQGRRUýHPLVVLRQýUDWHï

5HJUHVVLRQýRU
,î2ýUDWLRVýIRU
LQGRRU
FRQFHQWUDWLRQV

+$3(0 8VHVýPLFURHQYLURQPHQWDOýIDFWRUVï

$LU3([

3DUDPHWHUVýUHODWLQJýFRQFHQWUDWLRQýPHDVXUHGýDWýPRQLWRULQJýVLWHýWRýIRXU
PDFURHQYLURQPHQWVýõUXUDOñýXUEDQñýFLW\ñýDQGýWUDQVLWôýZKLFKýDUHýLQýWXUQ
UHODWHGýWRýWKUHHýLQGRRUýPLFURHQYLURQPHQWVýõKRPHñýYHKLFOHñýHOVHZKHUHô
E\ý,î2ýUDWLRVïýý$OVRñýWKUHHýDGGLWLYHýWHUPVýDFFRXQWýIRUýLQGRRUýVRXUFHVýLQý
WKHýVDPHýWKUHHýPLFURHQYLURQPHQWVïýýýý

6+('6
õXQGHUýGHYHORSPHQWô

)RUýFHUWDLQýPLFURHQYLURQPHQWVñýHPSLULFDOýPDVVýEDODQFHýPRGHOVýLQýWKH
IRUPýRIýUHJUHVVLRQVýDUHýXVHGï

+(0 8VHVý,î2ýUDWLRVýIRUýPLFURHQYLURQPHQWVï

6+$3(
([SRVXUHýFRQFHQWUDWLRQVýDUHýREWDLQHGýE\ýDSSO\LQJýDýVXSHUSRVLWLRQ
SULQFLSOHýWRýFRQWULEXWLRQVýIURPýWKHýDPELHQWýDQGýGLIIHUHQW
PLFURHQYLURQPHQWVï

%($0 6DPHýDVý6+$3(ï

6&5($0ë 2SWLRQDOýXVHýRIý,î2ýUDWLRVýIRUýPLFURHQYLURQPHQWVï

,QFOXGHV
YHQWLODWLRQýUDWH S1(0

9HQWLODWLRQýUDWHýõ9(ôýYDOXHýHVWLPDWHGýEDVHGýRQýHVWLPDWHGýERG\ýPDVVñ
JHQGHUñýDQGýRWKHUýLQIRUPDWLRQýIURPýHQHUJ\ýH[SHQGLWXUHýOLWHUDWXUHýIRU
HDFKýH[SRVXUHýHYHQWï

6+('6
õXQGHUýGHYHORSPHQWô

9HQWLODWLRQýUDWHýõ9(ôýYDOXHýHVWLPDWHGýEDVHGýRQýHVWLPDWHGýERG\ýPDVVñ
JHQGHUñýDQGýRWKHUýLQIRUPDWLRQýIURPýHQHUJ\ýH[SHQGLWXUHýOLWHUDWXUHýIRU
HDFKýH[SRVXUHðHYHQWï

&3,(0
%UHDWKLQJýUDWHVýVXSSOLHGýE\ýWKHýPRGHOýDUHýVSHFLILFýWRýWKUHHýDJHîJHQGHU
JURXSVýõDGXOWýPDOHVñýDGXOWýIHPDOHVñýDQGýFKLOGUHQýXQGHUýDJHýìëôýDQG
IRXUýDFWLYLW\ýOHYHOVýõUHVWLQJñýOLJKWñýPRGHUDWHñýDQGýKHDY\ôï

6&5($0ë

)RUýHDFKýKRXUñýWKHýDFWLYLW\ýSDWWHUQýRIýHDFKýVXEJURXSýLVýDVVLJQHGýWRýRQH
RIýWKUHHýDFWLYLW\ýOHYHOVýõORZñýPRGHUDWHñýRUýKHDY\ôïýý7KHýXVHUýPD\
GHVLJQDWHýHQKDQFHPHQWýRIýLQKDOHGýGRVDJHýRIýWKHýSROOXWDQWýIRUýWKH
YDULRXVýDFWLYLW\ýOHYHOVýZLWKýVFDOLQJýIDFWRUVï
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$LU3([
9HQWLODWLRQýUDWHýLVýDýIXQFWLRQýRIýDýSHUVRQ©VýERG\ýPDVVýDQGýOHYHOýRI
DFWLYLW\ïýý8VHVýILYHýOHYHOVýRIýDFWLYLW\ñýUDQJLQJýIURPý¦VOHHSLQJ§ýWRý¦KHDY\
H[HUFLVHï§

&DQýHVWLPDWH
GRVH

S1(0

7KHý&+$'ýGDWDEDVHýSURYLGHGýDQýDFWLYLW\ýLQGLFDWRUýIRUýHDFKýH[SRVXUH
HYHQWïýý(DFKýDFWLYLW\ýW\SHýZDVýDVVLJQHGýDýGLVWULEXWLRQýRIýYDOXHVýIRUýWKH
PHWDEROLFýHTXLYDOHQWýRIýZRUNýõ0(7ôïýý7KHý0(7ýLVýGLPHQVLRQOHVVñýJLYHQ
E\ýWKHýUDWLRýRIýWKHýUDWHýRIýHQHUJ\ýH[SHQGLWXUHýGXULQJýDýSDUWLFXODUýDFWLYLW\
õH[SUHVVHGýLQýNFDOîPLQôýDQGýDýSHUVRQ©VýW\SLFDOýUHVWLQJýPHWDEROLFýUDWH
õDOVRýH[SUHVVHGýLQýNFDOîPLQôï

6+('6
õXQGHUýGHYHORSPHQWô

,QKDODWLRQãý)RUýHDFKýPRGHOHGýLQGLYLGXDO©VýVHTXHQWLDOýORFDWLRQîDFWLYLW\
FRPELQDWLRQýLQýGDLO\ýGLDULHVñýPRGHOýFRPELQHVýDLUýFRQFHQWUDWLRQñ
DFWLYLW\ðVSHFLILFýLQKDODWLRQýUDWHýõGHULYHGýYLDý0(7VôñýDQGýDEVRUSWLRQ
IUDFWLRQýWRýHVWLPDWHýLQKDODWLRQýDEVRUEHGýGRVHïýý1H[WýJHQHUDWLRQýZLOO
LQFOXGHýPRUHý3.ýPRGHOVýWRýFDOFXODWHýGRVHï
,QJHVWLRQãý)RUýHDFKýHDWLQJýDQGýGULQNLQJýHYHQWñýPRGHOýFRPELQHVýPDVV
UHVLGXHýLQJHVWHGýDQGýDEVRUSWLRQýIUDFWLRQýWRýREWDLQýPDVVýLQ
JDVWURLQWHVWLQDOýõ*,ôýWUDFWñýWKHQýDSSOLHVýDý*,ýDEVRUSWLRQýUDWHýFRQVWDQWýWR
HVWLPDWHýPDVVýLQýEORRGýFRPSDUWPHQWï
'HUPDOãý)RUýHDFKýGHUPDOýFRQWDFWýHYHQWñýPRGHOýFRPELQHVýDYDLODEOH
PDVVýRQýVNLQýDQGýGHUPDOýDEVRUSWLRQýUDWHýFRQVWDQWýWRýHVWLPDWHýGHUPDO
DEVRUEHGýGRVHï
7RýREWDLQýDJJUHJDWHýDEVRUEHGýDQGýHOLPLQDWHGýGRVHñýPRGHOýVXPVýWLPH
SURILOHVýDFURVVýDOOýURXWHVï

&3,(0
%UHDWKLQJýUDWHVýDQGýDFWLYLW\ýOHYHOVýDUHýXVHGýE\ýWKHýPRGHOýWRýFDOFXODWH
WKHýSRWHQWLDOýLQKDOHGýGRVHýUHFHLYHGýE\ýHDFKýLQGLYLGXDOýLQýHDFK
PLFURHQYLURQPHQWï

6&5($0ë
$YHUDJHýGDLO\ýGRVHVýRIýDýSROOXWDQWýWRýWKHýSRSXODWLRQýDUHýHVWLPDWHGýIURP
FRQFHQWUDWLRQVýLQýHDFKýPHGLXPýRQýWKHýEDVLVýRIýDJHðVSHFLILFýLQJHVWLRQ
UDWHVýDQGýERG\ýZHLJKWVýDQGýORFDOýSRSXODWLRQýDJHýSURILOHVï

,QFOXGHVýLQGRRU
VRXUFHV

&3,(0
7KHýPRGHOýVDPSOHVýYDOXHVýIURPýXVHUðVSHFLILHGýGLVWULEXWLRQVýIRU
HPLVVLRQýUDWHVýIRUýLQGRRUýVRXUFHVï

6+('6
õXQGHUýGHYHORSPHQWô

7KHýPRGHOýVDPSOHVýYDOXHVýIURPýXVHUðVSHFLILHGýGLVWULEXWLRQVýIRUýLQGRRU
VRXUFHýFRQFHQWUDWLRQVï

S1(0 ,QFOXGHVý&2ýHPLWWHGýE\ýJDVýVWRYHýRSHUDWLRQýDQGýSDVVLYHýVPRNLQJï

+$3(0
,QFOXGHVýDQýDGGLWLYHýWHUPýIRUýLQGRRUýVRXUFHýFRQWULEXWLRQVýõXVHU
VSHFLILHGôï

6&5($0ë
,QFOXGHVýDQýDGGLWLYHýWHUPýIRUýLQGRRUýVRXUFHýFRQWULEXWLRQVýõXVHU
VSHFLILHGôï

,QFOXGHV
VPRNLQJýDVýD
VRXUFH

S1(0 &RQWULEXWLRQýIURPýVPRNLQJýLVýPRGHOHGï

6+('6
õXQGHUýGHYHORSPHQWô

&RQWULEXWLRQýIURPýVPRNLQJýLVýPRGHOHGï
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&DOFXODWHV
H[SRVXUHVýRI
FRPPXWHUV

S1(0

7KHýSRSXODWLRQVýRIýWKHýFRPPXWLQJýFRKRUWVýõDVVXPHGýWRýLQFOXGHýDOO
ZRUNLQJýFRKRUWVôýZHUHýGHWHUPLQHGýE\ýWKHýH[SUHVVLRQã

&RPõGñKñIñZôý ý3RSõGñKñIôý[ý&RPõKñZôî:RUNõKô

ZKHUHý&RPõGñKñIñZôýLVýWKHýQXPEHUýRIýSHUVRQVýLQýWKHýFRPPXWLQJýFRKRUW
DVVRFLDWHGýZLWKýGHPRJUDSKLFýJURXSýGñýKRPHýGLVWULFWýKñýFRRNLQJýIXHOýIñ
DQGýZRUNýGLVWULFWýZâý3RSõGñKñIôýYDOXHVýSURYLGHGýDQýHVWLPDWHýRIýWKH
SRSXODWLRQýRIýHDFKýQRQðFRPPXWLQJýFRKRUWýUHVLGLQJýZLWKLQýKRPHýGLVWULFW
Kâý&RPõKñZôýLVýWKHýQXPEHUýRIýZRUNHUVýLQýDOOýGHPRJUDSKLFýJURXSVýWKDW
FRPPXWHýIURPýKRPHýGLVWULFWýKýWRýZRUNýGLVWULFWýZâýDQGý:RUNõKôýLVýWKH
WRWDOýQXPEHUýRIýZRUNHUVýLQýKRPHýGLVWULFWýKïýý(VWLPDWHVýRIý:RUNõKôýZHUH
GHYHORSHGýIURPýFHQVXVýGDWDýVSHFLILFýWRýHDFKýGLVWULFWïýý7KHýLQðYHKLFOH
FRQFHQWUDWLRQýLVýFDOFXODWHGýXVLQJýDýPDVVýEDODQFHýPRGHOï

6+('6
õXQGHUýGHYHORSPHQWô

([SRVXUHVýRIýFRPPXWHUVýDUHýPRGHOHGïýý$ýVLPLODUýDSSURDFKýWRýS1(0ýLV
EHLQJýFRQVLGHUHGï

+$3(0

&RPPXWLQJýSDWWHUQVýRIýZRUNHUVýEHWZHHQýH[SRVXUHýGLVWULFWVýDUH
PRGHOHGïýý7KHý¦WUDYHOýWLPHýWRýZRUN§ýGDWDýIURPýWKHýìääíýFHQVXVýDUH
XVHGýWRýGHYHORSýWKHýFRPPXWLQJýSDWWHUQVïýý$ýSURJUDPýXVHVýWKHVHýGDWD
WRýEXLOGýDQýDUUD\ýRIýSUREDELOLWLHVýRIýWKHýPRYHPHQWýRIýZRUNLQJ
FRPPXWHUVýIRUýHDFKýFHQVXVýWUDFWðWRðWUDFWýFRPELQDWLRQï

6&5($0ë

&RPPXWLQJýSDWWHUQVýRIýZRUNHUVýEHWZHHQýH[SRVXUHýGLVWULFWVýDUH
PRGHOHGïýý7KHýSDWWHUQVýZHUHýHVWLPDWHGýIURPýWUDYHOýVXUYH\ýGDWD
FROOHFWHGýE\ýWKHý6RXWKHUQý&DOLIRUQLDý$VVRFLDWLRQýRIý*RYHUQPHQWVýLQýD
PDQQHUýVLPLODUýWRýS1(0î&2ï

,QFOXGHV
GLVSHUVLRQ
DOJRULWKPVýWR
FDOFXODWH
RXWGRRUýDLU
FRQFHQWUDWLRQV

6&5($0ë

8VHVýDý*DXVVLDQýPRGHOýIRUPXODWLRQýDQGýFOLPDWRORJLFDOýGDWDýWR
HVWLPDWHýORQJðWHUPýDYHUDJHýFRQFHQWUDWLRQVýDVýDýIXQFWLRQýRIýUDGLDO
GLVWDQFHýDQGýGLUHFWLRQýIURPýDýVRXUFHýIRUýDýVHWýRIýUHFHSWRUVýODLGýRXWýLQýD
UDGLDOýJULGýSDWWHUQï

6+('6
õXQGHUýGHYHORSPHQWô

8VHVý%D\HVLDQýVSDWLDOýDQGýWHPSRUDOýLQWHUSRODWLRQýPHWKRGVýWRýHVWLPDWH
RXWGRRUýDLUýFRQFHQWUDWLRQVýLQýGLIIHUHQWýFHQVXVýWUDFWVï

+(0
8VHVýWKHý,QGXVWULDOý6RXUFHý&RPSOH[ý/RQJð7HUPýõ,6&/7ëôý0RGHOýIRU
HVWLPDWLQJýGLVSHUVLRQï
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7DEOHý%¤ëê

6WUHQJWKVýDQGý:HDNQHVVHVýRIý'LIIHUHQWý0RGHOVýDQGý0RGHOLQJý6\VWHPV

0RGHO 6WUHQJWKV :HDNQHVVHV

S1(0î&2
õLQKDODWLRQô

ìï 0RVWýLQSXWýSDUDPHWHUVýDUHýSUREDELOLVWLFï
ëï &DQýFDOFXODWHýGHOLYHUHGýGRVHýDVýD
IXQFWLRQýRIýWKHýSROOXWDQWýFRQFHQWUDWLRQýDQG
YHQWLODWLRQýUDWHýYDOXHVýDVVLJQHGýWRýWKH
HYHQWýDQGýWKHýGHPRJUDSKLF
FKDUDFWHULVWLFVýRIýWKHýFRKRUWï

êï 0DVVýEDODQFHýPRGHOýIRUýLQGRRU
PLFURHQYLURQPHQWVï

éï &DOFXODWHVýWKHýH[SRVXUHVýWRýWKHýSRUWLRQýRI
WKHýSRSXODWLRQýWKDWýFRPPXWHýWRýZRUNï

èï (VWLPDWHVýH[SRVXUHVýWRýWKRVHýH[SRVHGýWR
SDVVLYHýVPRNLQJï

ìï 6LQJOHýH[SRVXUHýURXWHýõLQKDODWLRQôýRQO\ï
ëï (DFKýYHUVLRQýRIýS1(0ýLVýVSHFLILFýWRýDýVLQJOH
SROOXWDQWï

&DO72;
õPXOWLPHGLDô

ìï 0XOWLSDWKZD\ýDQGýPXOWLPHGLDï
ëï $OOýLQSXWýSDUDPHWHUýYDOXHVýDUH
GLVWULEXWLRQVï

êï ([SOLFLWýWUHDWPHQWýRIýSROOXWDQW
FRQFHQWUDWLRQVýLQýYDULRXVýHQYLURQPHQWDO
PHGLDï

éï 0DVVýEDODQFHýPRGHOï

ìï 'RHVýQRWýDOORZýVSDWLDOýWUDFNLQJýRIýDýSROOXWDQWï
ëï /LPLWHGýQXPEHUýRIýFKHPLFDOýVSHFLHVýIRUýZKLFK
WKHýPRGHOýLVýDSSOLFDEOHï

êï /LPLWHGýLQýWKHýH[WHQWýRIýWKHýHQYLURQPHQWDO
VHWWLQJVýIRUýZKLFKýLWýFDQýEHýDSSOLHGï

+$3(0é
õLQKDODWLRQô

ìï 0RVWýLQSXWýSDUDPHWHUVýDUHýSUREDELOLVWLFï
ëï 0RGHOýFDQýXVHýERWKýPHDVXUHGýDLUýTXDOLW\
GDWDýDQGýPRGHOHGýGDWDýIURPýWKHý$63(1
PRGHOýRUýIURPýDLUýGLVSHUVLRQýPRGHOVï

êï &DQýPRGHOýSRSXODWLRQýH[SRVXUHVýGRZQýWR
WKHýFHQVXVýWUDFWðOHYHOï

éï 8VHUýFDQýHDVLO\ýVSHFLI\ýGLIIHUHQW
GHPRJUDSKLFýJURXSVýõSURYLGLQJýWKH\ýKDYH
GDWDýIRUýWKHýJURXSVôï

èï 8VHUýFDQýVSHFLI\ýDý¦ODJ§ýIDFWRUýIRU
FDOFXODWLQJýLQGRRUýFRQFHQWUDWLRQVýIURP
SROOXWDQWVýSHQHWUDWLQJýIURPýRXWVLGHï

ìï 6LQJOHýH[SRVXUHýURXWHýõLQKDODWLRQôýRQO\ï
ëï 7KHýVHTXHQFHýRIýH[SRVXUHýHYHQWVýIRU
DFWLYLWLHVýLVýQRWýSUHVHUYHGï

êï 'RHVýQRWýSURYLGHýDQ\ýHVWLPDWHýRIýYHQWLODWLRQ
UDWHýRUýGHOLYHUHGýGRVHï

éï &XUUHQWO\ñýGRHVýQRWýDFFRXQWýIRUýH[SRVXUHVýWR
SDVVLYHýVPRNLQJï
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,(0
õPXOWLPHGLDô

ìï (VWDEOLVKHVýSURFHGXUHVýIRUýHVWLPDWLQJýWKH
LQGLUHFWýKXPDQýH[SRVXUHVýDQGýKHDOWK
ULVNVýWKDWýFDQýUHVXOWýIURPýWKHýWUDQVIHUýRI
DLUýSROOXWDQWVýWRýVRLOñýYHJHWDWLRQñýDQGýZDWHU
ERGLHVï

ëï $GGUHVVHVýH[SRVXUHVýYLDýPXOWLSOHýURXWHV
õLQKDODWLRQñýIRRGñýZDWHUñýDQGýVRLOýLQJHVWLRQñ
DQGýGHUPDOýFRQWDFWôï

êï +DVýXQGHUJRQHýH[WHQVLYHýVFLHQWLILF
UHYLHZï

éï +DVýEHHQýZLGHO\ýXVHGýLQý(3$ýVFUHHQLQJð
OHYHOýULVNýDVVHVVPHQWVï

èï 5HODWLYHO\ýVLPSOHýVSUHDGVKHHWýPRGHOï

ìï %DVHGýRQýDQQXDOýDYHUDJHýDLUýFRQFHQWUDWLRQV
DQGýGHSRVLWLRQýUDWHVï

ëï 6WUXFWXUHGýDVýDýRQHðZD\ýSURFHVVýWKURXJKýD
VHULHVýRIýOLQNHGýPRGHOVïýý1RWýDýWUXO\ýFRXSOHG
PXOWLPHGLDýPRGHOïýý'RHVýQRWýKDYHýWKHýDELOLW\
WRýPRGHOýIHHGEDFNýORRSVýEHWZHHQýPHGLDýRU
VHFRQGDU\ýHPLVVLRQVï

êï 1RWýGHVLJQHGýWRýUHDGLO\ýDGGUHVVýVSDWLDO
YDULDELOLW\ýLQýH[SRVXUHVï

éï 1RWýGHVLJQHGýIRUýSUREDELOLVWLFýYDULDELOLW\ýDQG
XQFHUWDLQW\ýDQDO\VLVï

èï 1RWýVXLWDEOHýIRUýHVWLPDWLQJýSRSXODWLRQ
H[SRVXUHVï

çï 'RHVýQRWýSURYLGHýDýGHWDLOHGýWLPHýVHULHVýRI
PHGLDýFRQFHQWUDWLRQVýRUýWKHýUHVXOWLQJ
H[SRVXUHVï

æï &DQýRQO\ýEHýDSSOLHGýWRýFKHPLFDOVýWKDWýDUH
HPLWWHGýLQWRýWKHýDLUï

,60&0
õPXOWLPHGLDô

ìï &RQVLGHUVýDOOýPHGLDñýELRORJLFDOýDQGýQRQð
ELRORJLFDOñýLQýRQHýLQWHJUDWHGýV\VWHPï

ëï ,QFOXGHVýERWKýVSDWLDOýDQGýFRPSDUWPHQWDO
PRGXOHVýWRýDFFRXQWýIRUýFRPSOH[ýWUDQVSRUW
RIýSROOXWDQWVýWKURXJKýWKHýHFRV\VWHPï

êï 0DVVýFRQVHUYLQJýPRGHOï
éï ,QFOXGHVýHVWLPDWLRQýRIýLQWHUPHGLDýWUDQVIHU
IDFWRUVï

ìï /LQNVýDQGýVSDWLDOýFRPSDUWPHQWVýDUH
SUHGHWHUPLQHGï

ëï 1RWýVWUXFWXUHGýWRýLQFRUSRUDWH
XQFHUWDLQW\îYDULDELOLW\ýGLUHFWO\ýLQWRýWKHýPRGHO
RSHUDWLRQï

6&5($0ë
õPXOWLPHGLDô

ìï &DQýFDOFXODWHýLQGRRUýSROOXWDQW
FRQFHQWUDWLRQVýXVLQJýWKHý,QGRRUý$LU
4XDOLW\ý0RGHOýõ,$40ôýRUýE\ýXVLQJ
LQGRRUîRXWGRRUýUDWLRVï

ëï 0XOWLSDWKZD\ãýLQKDODWLRQñýLQJHVWLRQñýDQG
GHUPDOï

êï 5HVXOWVýUHSRUWHGýLQýWHUPVýRIýERWK
FRQFHQWUDWLRQVîGRVDJHVýDQGýULVNVï

éï ,QFOXGHVýDLUýGLVSHUVLRQýDOJRULWKPVýWR
FDOFXODWHýDLUýFRQFHQWUDWLRQVýIURP
HPLVVLRQVï

ìï 'HWHUPLQLVWLFï
ëï 5HVXOWVýUHSRUWHGýIRUýDQQXDOýDYHUDJH
H[SRVXUHVýRQO\ï
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7DEOHý%ðê
0RGHOý)HDWXUHVýIRUýS1(0î&2

$WWULEXWH &RPSRQHQW 5HPDUNV

*HQHUDO 0RGHOýQDPH S1(0î&2

3ROOXWDQWVýRIýFRQFHUQ &DUERQýPRQR[LGH

5HIHUHQFH

-RKQVRQýHWýDOïýýìäääïýIRUý8ï6ïý(3$ñý2$436ïýý(VWLPDWLRQýRI
&DUERQý0RQR[LGHý([SRVXUHVýDQGý$VVRFLDWHG
&DUER[\KHPRJORELQý/HYHOVýLQý'HQYHUý5HVLGHQWVý8VLQJ
S1(0î&2ýõ9HUVLRQýëïíôï

0RGHOýVWDWXV
2SHUDWHVýRQýHLWKHUýPDLQIUDPHýRUý3&ïýý)XUWKHU
HQKDQFHPHQWVýDUHýFXUUHQWO\ýRQJRLQJï

&RQWDFWî$IILOLDWLRQ
+DUYH\ý5LFKPRQGýõ8ï6ïý(3$ñý2$436ô
õäìäôýèéìðèëæì

6WRFKDVWLF" <HVý¤ýPRVWýYDULDEOHVýFKRVHQýVWRFKDVWLFDOO\ï

9DULDELOLW\"

<HVý¤ý\HDUðORQJýH[SRVXUHðHYHQWýVHTXHQFHVýõ((6ôýXVHýGDWD
IURPýPXOWLSOHýVXEMHFWVýWRýEHWWHUýUHSUHVHQWýWKHýYDULDELOLW\ýRI
H[SRVXUHýWKDWýLVýH[SHFWHGýWRýRFFXUýDPRQJýWKHýSHUVRQV
LQFOXGHGýLQýWKHýFRKRUWï

8QFHUWDLQW\" <HV

0RGHOHGýDUHDñýVWXG\
SRSXODWLRQñýDQG
PRGHOLQJýSHULRG

6WXG\ýDUHDVýZKHUHýPRGHO
KDVýEHHQýDSSOLHG

0RVWýUHFHQWO\ýWRý'HQYHUïýý$SSOLFDWLRQýWRý/RVý$QJHOHVýLV
SODQQHGï

6SDWLDOýGHVLJQDWLRQýRI
VWXG\ýDUHD

èíýNPýUDGLXVýVXUURXQGLQJýWKHýFLW\ýFHQWHUýRIý'HQYHUï

6XEðDUHDýGHVLJQDWLRQV
6L[ýH[SRVXUHýGLVWULFWVñýHDFKýìíýNPýLQýUDGLXVñýVXUURXQGLQJ
IL[HGýVLWHý&2ýPRQLWRUVï

([SRVXUHýGXUDWLRQýIRU
PRGHOLQJ

7\SLFDOO\ýRQHý\HDUï

*HQHUDOýSRSXODWLRQýRI
LQWHUHVW

7\SLFDOO\ýGHILQHGýDVýSHRSOHýZLWKýVSHFLILFýGHPRJUDSKLFýRU
KHDOWKýVWDWXVýFKDUDFWHULVWLFVýõHïJïñýDGXOWVýZLWKýLVFKHPLF
KHDUWýGLVHDVHôï

6SHFLDOýVXEJURXSVýRU
GHVLJQDWLRQV

'HPRJUDSKLFýJURXSVýõ'*ôã
ìïý&KLOGUHQýíýWRýìæý\HDUVâ
ëïý0DOHVñýìåýWRýééñýZRUNLQJâ
êïý0DOHVñýìåýWRýééñýQRQðZRUNLQJâ
éïý0DOHVýéèýWRýçéñýZRUNLQJâ
èïý0DOHVýéèýWRýçéñýQRQðZRUNLQJâ
çïý0DOHVýçèòâ
æïý)HPDOHVñýìåýWRýééñýZRUNLQJâ
åïý)HPDOHVñýìåýWRýééñýQRQðZRUNLQJâ
äïý)HPDOHVýéèýWRýçéñýZRUNLQJâ
ìíïý)HPDOHVýéèýWRýçéñýQRQðZRUNLQJâ
ììïý)HPDOHVýçèò

6SHFLDOýDWWULEXWHVýIRU
VXEJURXSV

(DFKý'*ýIXUWKHUýVXEGLYLGHGýLQWRýFRKRUWVýLGHQWLILHGýDVýD
GLVWLQFWýFRPELQDWLRQýRIýõìôýKRPHýGLVWULFWñýõëôýGHPRJUDSKLF
JURXSñýõêôýZRUNýGLVWULFWýõLIýDSSOLFDEOHôñýõéôýUHVLGHQWLDOýFRRNLQJ
IXHOñýDQGýõèôýUHSOLFDWHýQXPEHUï
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6RXUFHýRIýGHPRJUDSKLF
GDWDýIRUýVWXG\ýSRSXODWLRQ

ìääíý%XUHDXýRIýWKHý&HQVXVï

([SRVXUHýHYHQWV (QYLURQPHQWDOýPHGLD $PELHQWýDLUï

([SRVXUHýPHGLD ,QGRRUýDLUñýRXWGRRUýDLUï

3DWKZD\V $PELHQWýDLUýDQGýLQGRRUýDLUýWRýSHUVRQDOýDLUï

5RXWHV ,QKDODWLRQï

7LPHýUHVROXWLRQýRI
H[SRVXUHýHYHQWV

,QKDODWLRQãý
2QHýPLQXWHï

,QJHVWLRQãý1î$

,QWHJUDWLRQýRIýH[SRVXUHV
DFURVVýPXOWLSOHýPHGLD

1î$ï

0HWKRGýIRUýGHWHUPLQLQJ
SROOXWDQWýFRQWDFWýUDWH

,QKDODWLRQãý
9HQWLODWLRQýUDWHýõ9(ôýYDOXHýHVWLPDWHGýIRUýHDFKýH[SRVXUHð
HYHQWïýý9(ýH[SUHVVHGýDVýOLWHUVýRIýDLUýUHVSLUHGýSHUýPLQXWH
õOLWHUVýPLQðìôïý

,QJHVWLRQãý1î$ï

$FWLYLW\ýSDWWHUQ
PHWKRGRORJ\

,QýW\SLFDOýS1(0ýDSSOLFDWLRQVñýWKHý((6VýDUHýGHWHUPLQHGýE\
DVVHPEOLQJýDFWLYLW\ýGLDU\ýUHFRUGVýUHODWLQJýWRýLQGLYLGXDOýëéð
KRXUýSHULRGVýLQWRýDý\HDUðORQJýVHULHVýRIýUHFRUGVïý
(DFKýH[SRVXUHýHYHQWýZLWKLQýDQý((6ýZDVýGHILQHGýE\ýõìô
GLVWULFWñýõëôý&+$'ýORFDWLRQýGHVFULSWRUñýõêôýPLFURHQYLURQPHQWñ
õéôý&+$'ýDFWLYLW\ýGHVFULSWRUñýDQGýõèôýSDVVLYHýVPRNLQJ
VWDWXVï

6RXUFHýRIýDFWLYLW\ýSDWWHUQ
GDWD

&RPSUHKHQVLYHý+XPDQý$FWLYLW\ý'DWDEDVHýõ&+$'ôï

7LPHýUHVROXWLRQýRIýDFWLYLW\
SDWWHUQV

2QHýPLQXWHï

0LFURHQYLURQPHQWV
õ,QKDODWLRQô

ìïý,QGRRUVý¤ýUHVLGHQFH
ëýðýçïý,QGRRUVý¤ýQRQUHVLGHQFHý$ýðý(
æïý,QGRRUVý¤ýUHVLGHQWLDOýJDUDJH
åïý2XWGRRUVý¤ýQHDUýURDGZD\
äïý2XWGRRUVý¤ýRWKHUýORFDWLRQV
ìíïý9HKLFOHý¤ýDXWRPRELOH
ììïý9HKLFOHý¤ýRWKHU
ìëïý2XWGRRUVý¤ýSXEOLFýSDUNLQJýRUýIXHOLQJï

([SRVXUHýORFDWLRQV
õ,QJHVWLRQô

1î$ï

0RGHOýFDOFXODWHVýH[SRVXUH
RIýFRPPXWHUV

<HVý¤ýWKHýQXPEHUýRIýFRPPXWHUVýLQýHDFKýZRUNLQJýFRKRUWýLV
FDOFXODWHGýEDVHGýRQýFHQVXVýGDWDï
,QýYHKLFOHýFRQFHQWUDWLRQVýDUHýHVWLPDWHGýXVLQJýDýPDVV
EDODQFHýPRGHOýõVHHý&RQFHQWUDWLRQVýDQGý6RXUFHVôï

&RQFHQWUDWLRQVýDQG
VRXUFHV

2XWGRRUýFRQFHQWUDWLRQ
GHWHUPLQDWLRQýPHWKRG

+RXUO\ðDYHUDJHý&2ýFRQFHQWUDWLRQVýIRUýRXWGRRU
PLFURHQYLURQPHQWVýEDVHGýRQýGDWDýIURPýIL[HGðVLWHýPRQLWRU
DQGýVWDWLVWLFDOýUHODWLRQVKLSýEHWZHHQýIL[HGðVLWHýGDWDýDQG
SHUVRQDOýPRQLWRULQJýIRUýRXWGRRUýPLFURHQYLURQPHQWVýIURPýD
SUHYLRXVýSHUVRQDOýH[SRVXUHýVWXG\ýLQý'HQYHUïýý([SRVXUH
GLVWULFWVýDUHýGHILQHGýE\ýPRQLWRUýORFDWLRQVï
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,QGRRUýFRQFHQWUDWLRQ
GHWHUPLQDWLRQýPHWKRG

0DVVýEDODQFHýPRGHOýXVHGýWRýHVWLPDWHý&2ýFRQFHQWUDWLRQV
ZKHQýDýFRKRUWýLVýDVVLJQHGýWRýDQýLQGRRUýRUýPRWRUýYHKLFOH
PLFURHQYLURQPHQWï

,QðYHKLFOHýFRQFHQWUDWLRQ
HVWLPDWLRQ

0DVVýEDODQFHýPRGHOýZKLFKýDFFRXQWVýIRUýRXWGRRU
FRQFHQWUDWLRQñýDLUýH[FKDQJHýUDWHñýDQGýSDVVLYHýVPRNLQJ
VWDWXVýRIýRFFXSDQWVï

3DVVLYHýVPRNLQJ
&2ýFRQWULEXWLRQýIURPýLQGRRUýDQGýLQðYHKLFOHýSDVVLYHýVPRNLQJ
LVýPRGHOHGýXVLQJýDýPDVVýEDODQFHýPRGHOï

2WKHUýLQGRRUýVRXUFHV *DVýVWRYHVï

([WUDSRODWLRQýWR
VWXG\ýSRSXODWLRQ

0HWKRGýRIýDOORFDWLQJ
HVWLPDWHGýH[SRVXUHVýWR
VWXG\ýSRSXODWLRQ

(QWLUHýSRSXODWLRQýLVýVLPXODWHGýWKURXJKýWKHýXVHýRIýFRKRUWV
DQGýFHQVXVýGDWDýUHODWLQJýFRKRUWVýWRýVWXG\ýDUHDýSRSXODWLRQï
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7DEOHý%¤é
0RGHOý)HDWXUHVýIRUý&DO72;

$WWULEXWH &RPSRQHQW 5HPDUNV

*HQHUDO 0RGHOýQDPH
&DO72;ýõ&DOLIRUQLDý7RWDOý([SRVXUHý0RGHOýIRUý+D]DUGRXV
:DVWHý6LWHVôï

3ROOXWDQWVýRIýFRQFHUQ

3RWHQWLDOýWR[LFýFKHPLFDOVýSODFHGýLQýODQGILOOVýDQGýLQ
FRQWUROOHGýDQGýIRUPHUO\ýXQFRQWUROOHGýKD]DUGRXVýZDVWHýVLWHVï
&KHPLFDOVýRQýWKHý7R[LFý5HOHDVHý,QYHQWRU\ýõ75,ôýOLVWýHPLWWHG
WRýDLUýRUýZDWHUï

5HIHUHQFHV

0F.RQHñý7ï(ïýýìääêïýý&DO72;ñý$ý0XOWLPHGLDý7RWDOð([SRVXUH
0RGHOýIRUý+D]DUGRXVý:DVWHVý6LWHVïýý/DZUHQFHý/LYHUPRUH
1DWLRQDOý/DERUDWRU\ñý/LYHUPRUHñý&$ñý8&5/ð&5ðìììéèçïý
3DUWý,ãýý([HFXWLYHý6XPPDU\âý3DUWý,,ãýý7KHý'\QDPLF
0XOWLPHGLDý7UDQVSRUWýDQGý7UDQVIRUPDWLRQý0RGHOâý3DUWý,,,ãý
7KHý0XOWLSOHð3DWKZD\ý([SRVXUHý0RGHOï

0RGHOýVWDWXV

7ZRýYHUVLRQVýRIý&DO72;ýDUHýFXUUHQWO\ýDYDLODEOHýIURPý&DOð
(3$ãýWKHýRULJLQDOýYHUVLRQýGHYHORSHGýIRUýVRLOýFOHDQðXSýJRDOV
DQGýDýVHFRQGýYHUVLRQýXVHGýIRUýZDVWHýFODVVLILFDWLRQï
$ýWKLUGýYHUVLRQýKDVýEHHQýGHYHORSHGýIRUýXVHýZLWKýWKH
(QYLURQPHQWDOý'HIHQVHý)XQGýõ(')ôý6FRUHFDUGýSURMHFWï

&RQWDFWî$IILOLDWLRQ
7RPý0F.RQHñý/DZUHQFHý%HUNHOH\ý1DWLRQDOý/DERUDWRU\
õèìíðçéëðåææìôï
&DOð(3$ýYHUVLRQãý1HGý%XWOHUýõäìçðêëêðêæèìôï

6WRFKDVWLF"
<HVý¥ýDOOýPRGHOýLQSXWVýDUHýUHSUHVHQWHGýE\ýDýPHDQýYDOXHñ
FRHIILFLHQWýRIýYDULDELOLW\ñýDQGýGHIDXOWýGLVWULEXWLRQï

9DULDELOLW\"
<HVý¥ýYDULDELOLW\ýLQýH[SRVXUHýIDFWRUVýDQGýLQýODQGVFDSH
IDFWRUVýDUHýH[SOLFLWO\ýUHSUHVHQWHGýE\ýSUREDELOLW\ýGLVWULEXWLRQVï

8QFHUWDLQW\"
<HVý¥ýDOOýFKHPLFDOðVSHFLILFýSURSHUW\ýGDWDýDUHýUHSUHVHQWHG
E\ýSUREDELOLW\ýGLVWULEXWLRQVï

0RGHOHGýDUHDñýVWXG\
SRSXODWLRQñýDQG
PRGHOLQJýSHULRG

6WXG\ýDUHDVýZKHUHýPRGHO
KDVýEHHQýDSSOLHG

)RUýVHWWLQJýVRLOýFOHDQðXSýJRDOVýDQGýIRUýDVVHVVLQJýUHVLGXDO
ULVNýDWýPXQLFLSDOýODQGILOOVñý&DO72;ýZDVýXVHGýWRýUHSUHVHQW
WKHýYDULDELOLW\ýDPRQJýDOOý&DOLIRUQLDýODQGýDUHDVï
)RUýWKHý(')ý6FRUHFDUGýSURMHFWñý&DO72;ýZDVýXVHGýWR
UHSUHVHQWýWKHýIDWHýRIýDLUýDQGýZDWHUýHPLVVLRQVýLQýDOOýéå
FRQWHUPLQRXVý8ï6ïýVWDWHVï

6SDWLDOýGHVLJQDWLRQýRI
VWXG\ýDUHD

7KHýGHVLJQDWHGýVWXG\ýDUHDýLVýWKHýHQYLURQPHQWýLPSDFWHGýE\
HLWKHUýDýZDVWHýVLWHñýDLUýHPLVVLRQVñýRUýZDWHUýUHOHDVHVïýýèñííí
*,6ýODQGýXQLWVýZHUHýXVHGýWRýHVWDEOLVKýYDULDELOLW\ýDPRQJ
&DOLIRUQLDýORFDWLRQVïýý)RUýWKHý(')ýYHUVLRQñýFRXQW\ðOHYHO
FOLPDWHýDQGýODQGýGDWDýDUHýXVHGýWRýHVWDEOLVKýVWDWHðOHYHO
YDULDELOLW\ï

6XEðDUHDýGHVLJQDWLRQV
7KHýH[SRVXUHýORFDWLRQýFDQýEHýPRGHOHGýZLWKýDýUHVLGHQWLDOñ
DJULFXOWXUDOñýFRPPHUFLDOñýRUýLQGXVWULDOýVFHQDULRï

([SRVXUHýGXUDWLRQýIRU
PRGHOLQJ

([SRVXUHýGXUDWLRQýLVýYDULDEOHýGHSHQGLQJýRQýKRZýORQJýWKH
H[SRVXUHýLQGLYLGXDOýUHPDLQVýDWýWKHýH[SRVXUHýORFDWLRQïý
9DOXHVýDVýORQJýDVýæíý\HDUVýFDQýEHýXVHGï

*HQHUDOýSRSXODWLRQýRI
LQWHUHVW

3RSXODWLRQVýLQýWKHýODQGVFDSHýLPSDFWHGýE\ýDýZDVWHýVLWHñýDLU
UHOHDVHñýRUýZDWHUýUHOHDVHï
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6SHFLDOýVXEJURXSVýRU
GHVLJQDWLRQV

5HVLGHQWLDOýSRSXODWLRQVã
ýýýý&KLOGUHQýõíýWRýìëý\HDUVô
ýýýý$GXOWVýõìëýWRýæíý\HDUVôï
$JULFXOWXUDOýSRSXODWLRQVï
7KRVHýZRUNLQJýRUýVKRSSLQJýDWýDýFRPPHUFLDOýVLWHï
7KRVHýZRUNLQJýDWýDQýLQGXVWULDOýVLWHï

6SHFLDOýDWWULEXWHVýIRU
VXEJURXSV

7KRVHýZLWKýKRPHýJDUGHQVýKDYHýEHHQýVLQJOHGýRXWýIRUýVSHFLDO
DWWHQWLRQï

6RXUFHýRIýGHPRJUDSKLF
GDWDýIRUýVWXG\ýSRSXODWLRQ

(3$ý([SRVXUHý)DFWRUVý+DQGERRNï

([SRVXUHýHYHQWV (QYLURQPHQWDOýPHGLD
$PELHQWýDLUñýVXUIDFHýVRLOñýURRWý]RQHýVRLOñýVXUIDFHýZDWHUýDQG
JURXQGýZDWHUï

([SRVXUHýPHGLD
,QGRRUýDLUâýRXWGRRUýDLUâýVRLOâýKRXVHýGXVWâýWDSýZDWHUâýIRRG
IURPýKRPHýJDUGHQVýDQGýORFDOO\ðSURGXFHGýIUXLWVñýYHJHWDEOHVñ
JUDLQVñýILVKñýPHDWñýPLONñýHJJVâýDQGýGDLU\ýSURGXFWVï

3DWKZD\V
7ZHQW\ðWKUHHýSDWKZD\VýOLQNLQJýDPELHQWýPHGLDýWRýH[SRVXUH
PHGLDï

5RXWHV ,QKDODWLRQñýLQJHVWLRQñýGHUPDOýFRQWDFWï

7LPHýUHVROXWLRQýRI
H[SRVXUHýHYHQWV

,QKDODWLRQãýìýGD\ýUHVROXWLRQýWRýEXLOGýWKHýH[SRVXUHýVFHQDULR
WKDWýLVýUHSHDWHGýRYHUýORQJHUýGXUDWLRQýEDVHGýRQýH[SRVXUH
IUHTXHQF\ï

,QJHVWLRQãýìý\HDUï

'HUPDOýFRQWDFWãýìýGD\ýUHVROXWLRQýWRýEXLOGýWKHýH[SRVXUH
VFHQDULRýWKDWýLVýUHSHDWHGýRYHUýDýORQJHUýGXUDWLRQýEDVHGýRQ
H[SRVXUHýIUHTXHQF\ýGDWDï

,QWHJUDWLRQýRIýH[SRVXUHV
DFURVVýPXOWLSOHýPHGLD

([SRVXUHVýDUHýDJJUHJDWHGýDFURVVýDOOýPHGLDýDQGýSDWKZD\V
WRýFRQVWUXFWýDýWRWDOýLQWDNHýE\ýURXWHððLQKDODWLRQñýLQJHVWLRQñ
DQGýGHUPDOýFRQWDFWï

0HWKRGýIRUýGHWHUPLQLQJ
SROOXWDQWýFRQWDFWýUDWH

,QKDODWLRQãý$FWLYLW\ýDGMXVWHGýEUHDWKLQJýUDWHýSHUýXQLWýERG\
ZHLJKWï

,QJHVWLRQãý)RRGýFRQVXPSWLRQýSHUýXQLWýERG\ýZHLJKWýIRUýHDFK
PDMRUýIRRGýFDWHJRU\ýLVýDGMXVWHGýE\ýIUDFWLRQýRIýIRRG
FRQVXPHGýZLWKLQýWKHýFRQWDPLQDWHGýODQGVFDSHï

'HUPDOýFRQWDFWãý$FWLYLW\ýGDWDýDUHýXVHGýWRýHVWDEOLVKýORQJð
WHUPýDYHUDJHýUDWHýDQGýGXUDWLRQýRIýFRQWDFWýZLWKýWDSýZDWHU
DQGýVRLOï

$FWLYLW\ýSDWWHUQ
PHWKRGRORJ\

)RUýLQKDODWLRQñýWKHýGD\ýLVýGLYLGHGýLQWRýWKHýDPRXQWýLQýHDFK
PLFURHQYLURQPHQWýDQGýDýEUHDWKLQJýUDWHýLVýDVVLJQHGýWRýHDFK
PLFURHQYLURQPHQWï
)RUýLQJHVWLRQñýFRQVXPSWLRQýRIýHDFKýPDMRUýIRRGýFDWHJRU\ýLV
GLYLGHGýLQWRýORFDOýDQGýQRQðORFDOýVRXUFHVï
)RUýGHUPDOýFRQWDFWñýWKHýQXPEHUýDQGýGXUDWLRQýRIýZDWHUýRU
VRLOýFRQWDFWýHYHQWVýLQýDýGD\ýDUHýXVHGï

6RXUFHýRIýDFWLYLW\ýSDWWHUQ
GDWD

(3$ý([SRVXUHý)DFWRUVý+DQGERRNï
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7LPHýUHVROXWLRQýRIýDFWLYLW\
SDWWHUQV

ìýWRýëéýKRXUVýIRUýLQKDODWLRQï
$QQXDOýFRQVXPSWLRQýSDWWHUQVýIRUýLQJHVWLRQï
0LQXWHVýWRýKRXUVýIRUýGHUPDOýFRQWDFWï

0LFURHQYLURQPHQWV
õ,QKDODWLRQô

2XWGRRUVýDWýKRPHñ
2XWGRRUVýDZD\ýIURPýKRPHñ
,QGRRUVýDWýKRPHñ
,QGRRUVýLQýWKHýEDWKURRPï

([SRVXUHýORFDWLRQV
õ,QJHVWLRQô

5HVLGHQWLDOýHQYLURQPHQWï

0RGHOýFDOFXODWHVýH[SRVXUH
RIýFRPPXWHUV

1R

&RQFHQWUDWLRQVýDQG
VRXUFHV

2XWGRRUýFRQFHQWUDWLRQ
GHWHUPLQDWLRQýPHWKRG

0XOWLPHGLDýPDVVýEDODQFHýXVLQJýDýG\QDPLFýUHJLRQDOýIXJDFLW\
PRGHOïý6RXUFHVýWRýDLUñýVRLOñýDQGýZDWHUýDUHýDOORZHGï

,QGRRUýFRQFHQWUDWLRQ
GHWHUPLQDWLRQýPHWKRG

%DVHGýRQýDýVLPSOHýSHQHWUDWLRQýPRGHOýIRUýRXWGRRUýDLUñýDýGXVW
WUDFNLQJýPRGHOýIRUýVRLOýSROOXWDQWVñýDýWUDQVIHUýPRGHOýIRUýVRLO
JDVýGUDZQýLQWRýKRPHñýDQGýDýWUDQVIHUýPRGHOýIURPýZDWHUýWR
LQGRRUýDLUï

,QðYHKLFOHýFRQFHQWUDWLRQ
HVWLPDWLRQ

1RWýH[SOLFLWO\ýUHSUHVHQWHGâýDVVXPHGýWRýEHýHTXDOýWRýRXWGRRU
FRQFHQWUDWLRQï

3DVVLYHýVPRNLQJ 1RWýLQFOXGHGï

2WKHUýLQGRRUýVRXUFHV
6WULSSLQJýRIýFKHPLFDOVïýý+RXVHKROGýZDWHUýXVHVï
7UDFNLQJýRIýVRLOýWRýKRXVHï
7UDQVIHUýRIýYRODWLOHýFKHPLFDOVýIURPýVRLOýJDVýEHORZýKRPHVï

([WUDSRODWLRQýWR
VWXG\ýSRSXODWLRQ

0HWKRGýRIýDOORFDWLQJ
HVWLPDWHGýH[SRVXUHVýWR
VWXG\ýSRSXODWLRQ

(QWLUHýSRSXODWLRQýLVýVLPXODWHGýWKURXJKýWKHýXVHýRIýSUREDELOLW\
GLVWULEXWLRQVýWRýUHSUHVHQWýYDULDELOLW\ýDQGýXQFHUWDLQW\ýLQ
VRXUFHðWRðGRVHýUHODWLRQVKLSVï
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7DEOHý%ðè
0RGHOý)HDWXUHVýIRUý+$3(0é

$WWULEXWH &RPSRQHQW 5HPDUNV

*HQHUDO 0RGHOýQDPH +$3(0éýõ+D]DUGRXVý$LUý3ROOXWDQWý([SRVXUHý0RGHOô

3ROOXWDQWVýRIýFRQFHUQ
&ULWHULDýSROOXWDQWVýIRUýZKLFKýPHDVXUHGýGDWDñýRUý+$3VýIRU
ZKLFKýPRGHOHGýGDWDýFDQýEHýREWDLQHGïýý0RVWýUHFHQW
DSSOLFDWLRQýZDVýIRUýEHQ]HQHï

5HIHUHQFH

0RGHOýVWDWXV 2SHUDWHVýRQý81,;ýZRUNVWDWLRQVï

&RQWDFWî$IILOLDWLRQ
7HGý3DOPDýõ8ï6ïý(3$ñý2$436ô
õäìäôýèéìðèéæí

6WRFKDVWLF" <HVý¤ýPRVWýYDULDEOHVýFKRVHQýVWRFKDVWLFDOO\ï

9DULDELOLW\" <HVý¤ýGLVWULEXWLRQVýDYDLODEOHýIRUýPDQ\ýLQSXWýYDULDEOHVï

8QFHUWDLQW\" 1RWýH[SOLFLWHO\ýKDQGOHGýE\ýWKHýFXUUHQWýPRGHOï

0RGHOHGýDUHDñýVWXG\
SRSXODWLRQñýDQG
PRGHOLQJýSHULRG 6WXG\ýDUHDVýZKHUHýPRGHO

KDVýEHHQýDSSOLHG

0RVWýUHFHQWO\ý+RXVWRQýDQGý3KRHQL[ï
ó1RWHý¤ý+$3(0éýPD\ýDOVRýEHýUXQýLQýDýPHDVXUHGýGDWD
PRGHýXVLQJýGDWDýIURPýIL[HGðVLWHýPRQLWRUVïýý,QýWKLVýPRGHñýWKH
VSDWLDOýGHVLJQDWLRQýDQGýVWXG\ýDUHDVýDUHýVLPLOLDUýWRýWKRVHýLQ
S1(0ï

6SDWLDOýGHVLJQDWLRQýRI
VWXG\ýDUHD

+RXVWRQýDQGý3KRHQL[ý0HWURSROLWDQý6WDWLVWLFDOý$UHDV
õ06$Vôï
ó,QýPHDVXUHGýGDWDýPRGHãýVWXG\ýDUHDVýDUHýW\SLFDOO\ýDýFLUFOH
ZLWKýDýSUHGHWHUPLQHGýUDGLXVýVXUURXQGLQJýWKHýFLW\ýFHQWHUï

6XEðDUHDýGHVLJQDWLRQV

&HQVXVýWUDFWVï
ó,QýPHDVXUHGýGDWDýPRGHãýXSýWRýìåýH[SRVXUHýGLVWULFWV
VXUURXQGLQJýIL[HGðVLWHýPRQLWRUVýFDQýEHýFKRVHQýIRUýHDFK
06$ï

([SRVXUHýGXUDWLRQýIRU
PRGHOLQJ

7\SLFDOO\ýRQHý\HDUýõUHVXOWVýDUHýFXUUHQWO\ýDJJUHJDWHGýDQG
UHSRUWHGýDVýêýPRQWKý¦VHDVRQV§ôï

*HQHUDOýSRSXODWLRQýRI
LQWHUHVW

7\SLFDOO\ýGHILQHGýDVýDOOýSHUVRQVýGHVFULEHGýE\ýWKH
GHPRJUDSKLFýJURXSVýIRUýHDFKýVXEðDUHDýGHVLJQDWLRQï
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6SHFLDOýVXEJURXSVýRU
GHVLJQDWLRQV

'HPRJUDSKLFýJURXSVýõ'*ôýLQýODWHVWýYHUVLRQýõRWKHUýJURXSV
IRUýZKLFKýFHQVXVýGDWDýDUHýDYDLODEOHýPD\ýEHýLQSXWýE\ýWKH
XVHUôã
ìï &DXFDVLDQVâ
ëï $IULFDQð$PHULFDQVâ
êï $OOýSHRSOHýQRWýLQý'*ýìýRUýëâ
éï &KLOGUHQýíýWRýèý\HDUVâ
èï &KLOGUHQýçýWRýììý\HDUVâ
çï &KLOGUHQýìëýWRýìæý\HDUVâ
æï 0DOHVýìåýWRýçéâ
åï )HPDOHVýìåýWRýçéâ
äï 0DOHVýçèòâ
ìíï )HPDOHVýçèòâ
ììï 3HRSOHýZLWKýJDVýVWRYHVýDWýKRPHâ
ìëï 3HRSOHýZLWKRXWýJDVýVWRYHVýDWýKRPHâ
ìêï 3HRSOHýZLWKýDWWDFKHGýJDUDJHVýDWýKRPHâ
ìéï 3HRSOHýZLWKRXWýDWWDFKHGýJDUDJHVýDWýKRPHâ
ìèï 3HRSOHýDJHýìåýDQGýROGHUýZKRýZRUNýDQGýZHUHýRXWGRRUV

IRUýDWýOHDVWýëéíýPLQXWHVýõéýKUVôýRQýWKHýGD\ýUHFRUGHGâ
ìçï $OOýSHUVRQVï

6SHFLDOýDWWULEXWHVýIRU
VXEJURXSV

1RýIXUWKHUýVXEðGHVLJQDWLRQVýRIýSRSXODWLRQýIRUýWKLV
DSSOLFDWLRQïýý+RZHYHUñýLQýIXWXUHýGHYHORSPHQWñýFRKRUWVýPD\
EHýLGHQWLILHGýIRUýFRPPXWLQJýE\ýVSHFLI\LQJýDýKRPHýGLVWULFW
DQGýZRUNýGLVWULFWïýý2WKHUýFRKRUWýDWWULEXWHVýPD\ýDOVRýEH
VSHFLILHGýLQýIXWXUHýYHUVLRQVï

6RXUFHýRIýGHPRJUDSKLF
GDWDýIRUýVWXG\ýSRSXODWLRQ

ìääíý%XUHDXýRIýWKHý&HQVXVï

([SRVXUHýHYHQWV (QYLURQPHQWDOýPHGLD $PELHQWýDLUï

([SRVXUHýPHGLD ,QGRRUýDLUýDQGýRXWGRRUýDLUï

3DWKZD\V $PELHQWýDLUýDQGýLQGRRUýDLUýWRýSHUVRQDOýDLUï

5RXWHV ,QKDODWLRQï

7LPHýUHVROXWLRQýRI
H[SRVXUHýHYHQWV

,QKDODWLRQãý
ìýWRýçíýPLQXWHVâýREWDLQHGýIURPý&+$'ï

,QJHVWLRQãý1î$ï

,QWHJUDWLRQýRIýH[SRVXUHV
DFURVVýPXOWLSOHýPHGLD

1î$ï

0HWKRGýIRUýGHWHUPLQLQJ
SROOXWDQWýFRQWDFWýUDWH

,QKDODWLRQãý1î$ï

,QJHVWLRQãý1î$ï
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$FWLYLW\ýSDWWHUQ
PHWKRGRORJ\

,QIRUPDWLRQýRQýWKHýWLPHýVSHQWýLQýYDULRXVýPLFURHQYLURQPHQWV
õ�HôýIRUýHDFKýLQGLYLGXDOýDUHýXVHGïýý
óý1RWHñýWKLVýLVýQRWýDQýDFWLYLW\ýVHTXHQFHñýUDWKHUýLWýLVýWKHýWRWDO
WLPHýVSHQWýLQýHDFKý�HýGXULQJýHDFKýìðKRXUýEORFNýRIýWLPH
WKURXJKRXWýWKHýGD\ï
$ýGDLO\ýUHFRUGýõFRPSULVHGýRIýëéýVHSDUDWHýKRXUVôýLVýFKRVHQ
XVLQJýWKHý0RQWHý&DUORýWHFKQLTXHïýý7KHýUHFRUGýFKRVHQýLV
PDWFKHGýWRýWKHýGD\ýEHLQJýPRGHOHGýE\ýXVLQJýWKHýPD[LPXP
RXWGRRUýWHPSHUDWXUHýIRUýHDFKýKRXUïýý7KHýQXPEHUýRIýPLQXWHV
VSHQWýLQýDýSDUWLFXODUý�HýIRUýHDFKýLQGLYLGXDOýVHOHFWHGýDQGýIRU
HDFKýKRXUýRIýWKHýGD\ýDUHýFDOFXODWHGïýý7KHýH[SRVXUHV
UHSRUWHGýIRUýHDFKý'*ýDUHýWKHýDYHUDJHVýRIýDOOýLQGLYLGXDOV
VDPSOHGýIURPýHDFKýJURXSï

6RXUFHýRIýDFWLYLW\ýSDWWHUQ
GDWD

&RPSKUHQVLYHý+XPDQý$FWLYLW\ý'DWDEDVHýõ&+$'ôï

7LPHýUHVROXWLRQýRIýDFWLYLW\
SDWWHUQV

ìýWRýçíýPLQXWHVï

0LFURHQYLURQPHQWV
õ,QKDODWLRQô

ìï ,QýYHKLFOHý¤ýFDU
ëï ,QýYHKLFOHý¤ýEXV
êï ,QýYHKLFOHý¤ýWUXFN
éï ,QýYHKLFOHý¤ýRWKHU
èï ,QGRRUVý¤ýSXEOLFýJDUDJH
çï 2XWGRRUVý¤ýSDUNLQJýORWîJDUDJH
æï 2XWGRRUVý¤ýQHDUýDýURDG
åï 2XWGRRUVý¤ýPRWRUF\FOH
äï ,QGRRUVý¤ýVHUYLFHýVWDWLRQ
ìíïýýý2XWGRRUVý¤ýVHUYLFHýVWDWLRQ
ììï ,QGRRUVý¤ýUHVLGHQWLDOýJDUDJH
ìëï ,QGRRUVý¤ýRWKHUýUHSDLUýVKRS
ìêï ,QGRRUVý¤ýUHVLGHQFHñýQRýLQVLGHýVRXUFHVýRIý&2
ìéï ,QGRRUVý¤ýUHVLGHQFHñýJDVýVWRYHýSUHVHQW
ìèï ,QGRRUVý¤ýUHVLGHQFHýZLWKýDWWDFKHGýJDUDJH
ìçï ,QGRRUVý¤ýUHVLGHQFHýZLWKýVWRYHýDQGýDWWDFKHGýJDUDJH
ìæï ,QGRRUVý¤ýRIILFH
ìåï ,QGRRUVý¤ýVWRUH
ìäï ,QGRRUVý¤ýUHVWDXUDQW
ëíï ,QGRRUVý¤ýPDQXIDFWXULQJýIDFLOLW\
ëìï ,QGRRUVý¤ýVFKRRO
ëëï ,QGRRUVý¤ýFKXUFK
ëêï ,QGRRUVý¤ýVKRSSLQJýPDOO
ëéï ,QGRRUVý¤ýDXGLWRULXP
ëèï ,QGRRUVý¤ýKHDOWKýFDUHýIDFLOLW\
ëçï ,QGRRUVý¤ýRWKHUýSXEOLFýEXLOGLQJ
ëæï ,QGRRUVý¤ýRWKHUýORFDWLRQ
ëåï ,QGRRUVý¤ýQRWýVSHFLILHG
ëäï 2XWGRRUVý¤ýFRQVWUXFWLRQýVLWH
êíï 2XWGRRUVý¤ýUHVLGHQWLDOýJURXQGV
êìï 2XWGRRUVý¤ýVFKRROýJURXQGV
êëï 2XWGRRUVý¤ýVSRUWVýDUHQD
êêï 2XWGRRUVý¤ýSDUNîJROIýFRXUVH
êéï 2XWGRRUVý¤ýRWKHUýORFDWLRQ
êèï 2XWGRRUVý¤ýQRWýVSHFLILHG
êçï ,QýYHKLFOHý¤ýWUDLQîVXEZD\
êæï ,QýYHKLFOHý¤ýDLUSODQHï

([SRVXUHýORFDWLRQV
õ,QJHVWLRQô

1î$ï
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0RGHOýFDOFXODWHVýH[SRVXUH
RIýFRPPXWHUV

<HVý¤ýFRPPXWLQJýSDWWHUQVýRIýZRUNHUVýEHWZHHQýH[SRVXUH
GLVWULFWVýDUHýPRGHOHGïýý7KHý¦WUDYHOýWLPHýWRýZRUN§ýGDWDýIURP
WKHýìääíýFHQVXVýDUHýXVHGýWRýGHYHORSýWKHýFRPPXWLQJ
SDWWHUQVïýý$ýSURJUDPýXVHVýWKLVýWRýEXLOGýDQýDUUD\ýRI
SUREDELOLWLHVýRIýWKHýPRYHPHQWýRIýZRUNLQJýFRPPXWHUVýIRU
HDFKýFHQVXVýWUDFWðWRðWUDFWýFRPELQDWLRQï

&RQFHQWUDWLRQVýDQG
VRXUFHV

2XWGRRUýFRQFHQWUDWLRQ
GHWHUPLQDWLRQýPHWKRG

0RGHOHGýDLUýTXDOLW\ýPRGHãý7KHýPRGHOýLVýFXUUHQWO\ýFRQILJXUHG
WRýUHDGýRXWSXWýDWýWKHýFHQVXVýWUDFWðOHYHOýIURPýWKHý$63(1
õ$VVHVVPHQWý6\VWHPýIRUý3RSXODWLRQý([SRVXUHý1DWLRQZLGHô
PRGHOï
0HDVXUHGýGDWDýPRGHãý+RXUO\ðDYHUDJHý&2ýFRQFHQWUDWLRQV
WDNHQýIURPýIL[HGðVLWHýPRQLWRUVïýý([SRVXUHýGLVWULFWVýGHILQHG
E\ýPRQLWRUýORFDWLRQVï

,QGRRUýFRQFHQWUDWLRQ
GHWHUPLQDWLRQýPHWKRG

8VHVýPLFURHQYLURQPHQWDOýIDFWRUVïýý7KHVHýIDFWRUVýDUH
REWDLQHGýIURPýILHOGýVWXGLHVýWKURXJKýDýOLQHDUýUHJUHVVLRQýRI
PLFURHQYLURQPHQWDOýFRQFHQWUDWLRQVýDJDLQVWýIL[HGðVLWH
PRQLWRULQJýFRQFHQWUDWLRQVï

,QðYHKLFOHýFRQFHQWUDWLRQ
HVWLPDWLRQ

0LFURHQYLURQPHQWDOýIDFWRUýõVDPHýDVýLQGRRUýFRQFHQWUDWLRQ
GHWHUPLQDWLRQýPHWKRGýDERYHôï

3DVVLYHýVPRNLQJ 1î$ï

2WKHUýLQGRRUýVRXUFHV
*DVýVWRYHVýDQGýUHVLGHQFHVýZLWKýDWWDFKHGýJDUDJHVýWKURXJK
WKHýXVHýRIýDGGLWLYHýIDFWRUVýõXVHUýVXSSOLHGôï

([WUDSRODWLRQýWR
VWXG\ýSRSXODWLRQ

0HWKRGýRIýDOORFDWLQJ
HVWLPDWHGýH[SRVXUHVýWR
VWXG\ýSRSXODWLRQ

(QWLUHýSRSXODWLRQýLVýVLPXODWHGýWKURXJKýWKHýXVHýRIýFRKRUWV
DQGýFHQVXVýGDWDýUHODWLQJýFRKRUWVýWRýVWXG\ýDUHDýSRSXODWLRQï
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$WWULEXWH &RPSRQHQW 5HPDUNV

*HQHUDO 0RGHOýQDPH
6&5($0ëý
õ6RXWKý&RDVWý5LVNýDQGý([SRVXUHý0RGHOñý9HUVLRQýëïíôï

3ROOXWDQWVýRIýFRQFHUQ +$3VýIRUýZKLFKýHPLVVLRQVýGDWDýFDQýEHýREWDLQHGïýý

5HIHUHQFH

5RVHQEDXPñý$ï6ïýý8VHU©Vý*XLGHýIRUýDQý(QKDQFHGý9HUVLRQ
RIýWKHý6RXWKý&RDVWý$LUý4XDOLW\ý0DQDJHPHQWý'LVWULFW©Vý$LU
7R[LFVý5LVNýDQGý([SRVXUHý$VVHVVPHQWý0RGHOýõ6&5($0ë
¤ý3&ýYHUVLRQôï

0RGHOýVWDWXV 2SHUDWHVýRQý81,;ýZRUNVWDWLRQVýDQGý3&Vï

&RQWDFWî$IILOLDWLRQ

8QL[ãý+HQU\ý+RJRñý6RXWKý&RDVWý$LUý4XDOLW\ý0DQDJHPHQW
'LVWULFWñýõäíäôýêäçðêìííï

3&ãý$UOHQHý5RVHQEDXPñý,&)ý&RQVXOWLQJý*URXSñý
õéìèôýèíæðæìäëï

6WRFKDVWLF" 1Rï

9DULDELOLW\" 1Rï

8QFHUWDLQW\" 1Rï

0RGHOHGýDUHDñ
VWXG\ýSRSXODWLRQñ
DQGýPRGHOLQJ
SHULRG

6WXG\ýDUHDVýZKHUHýPRGHO
KDVýEHHQýDSSOLHG

&DOLIRUQLD©Vý6RXWKý&RDVWý$LUý%DVLQï

6SDWLDOýGHVLJQDWLRQýRI
VWXG\ýDUHD

$OOýEORFNýJURXSVýLQýWKHý6RXWKý&RDVWý$LUý%DVLQýDVýGHILQHG
E\ýWKHý%XUHDXýRIýWKHý&HQVXVï

6XEðDUHDýGHVLJQDWLRQV
%ORFNýJURXSýFHQWURLGVï

([SRVXUHýGXUDWLRQýIRU
PRGHOLQJ

2QHý\HDUï

*HQHUDOýSRSXODWLRQýRI
LQWHUHVW

7\SLFDOO\ýGHILQHGýDVýDOOýSHUVRQVýGHVFULEHGýE\ýWKH
GHPRJUDSKLFýJURXSVýIRUýHDFKýVXEðDUHDýGHVLJQDWLRQï

6SHFLDOýVXEJURXSVýRU
GHVLJQDWLRQV

'HIDXOWýGHPRJUDSKLFýJURXSVýõRWKHUýJURXSVýIRUýZKLFK
FHQVXVýGDWDýDUHýDYDLODEOHýPD\ýEHýLQSXWýE\ýWKHýXVHUôã
ìï 6WXGHQWVýìåýDQGýRYHUâ
ëï 0DQDJHUVýDQGýSURIHVVLRQDOVâ
êï 6DOHVýZRUNHUVâ
éï &OHULFDOýDQGýNLQGUHGýZRUNHUVâ
èï &UDIWVPHQýDQGýNLQGUHGýZRUNHUVâ
çï )DUPHUVâ
æï 2SHUDWLYHVýDQGýODERUHUVâ
åï 6HUYLFHñýPLOLWDU\ñýDQGýSULYDWHýKRXVHKROGýZRUNHUVâ
äï +RXVHSHUVRQVâ
ìíï 8QHPSOR\HGýDQGýUHWLUHGýSHUVRQVâ
ììï &KLOGUHQýXQGHUýèâ
ìëï &KLOGUHQýèýWRýìæï

6SHFLDOýDWWULEXWHVýIRU
VXEJURXSV

(DFKýGHPRJUDSKLFýJURXSýLVýIXUWKHUýVXEðGLYLGHGýLQWR
FRKRUWVýLGHQWLILHGýDVýDýGLVWLQFWýFRPELQDWLRQýRIýõìôýKRPH
GLVWULFWñýõëôýGHPRJUDSKLFýJURXSñýDQGýõêôýZRUNýGLVWULFWýõLI
DSSOLFDEOHôñ
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6RXUFHýRIýGHPRJUDSKLF
GDWDýIRUýVWXG\ýSRSXODWLRQ

ìääíý%XUHDXýRIýWKHý&HQVXVýDQGý6RXWKHUQý&DOLIRUQLD
$VVRFLDWLRQýRIý*RYHUQPHQWVýõFRPPXWLQJôï

([SRVXUHýHYHQWV (QYLURQPHQWDOýPHGLD $PELHQWýDLUñýVRLOñýVXUIDFHýZDWHUñýIRRGýFURSVï

([SRVXUHýPHGLD
,QGRRUýDLUñýRXWGRRUýDLUñýVRLOýLQJHVWHGýRUýFRQWDFWHGñýGULQNLQJ
ZDWHUñýIRRGýLQJHVWHGñýDQGýEUHDVWýPLONï

3DWKZD\V

$PELHQWýDLUâýLQGRRUýDLUýWRýSHUVRQDOýDLUâýVRLOýWRýLQJHVWHGýVRLOñ
FRQWDFWHGýVRLOâýVRLOýWRýURRWýFURSVýDQGýOHDI\ýFURSVýWR
LQJHVWHGýIRRGâýVRLOýDQGýVXUIDFHýZDWHUýWRýDQLPDOýIRRG
VRXUFHVýWRýLQJHVWHGýIRRGâýDPELHQWýDLUýDQGýVRLOýWRýVXUIDFH
ZDWHUýWRýGULQNLQJýZDWHUâýLQJHVWHGýIRRGýDQGýGULQNLQJýZDWHU
WRýLQJHVWHGýEUHDVWýPLONï

5RXWHV ,QKDODWLRQñýLQJHVWLRQñýGHUPDOýFRQWDFWï

7LPHýUHVROXWLRQýRI
H[SRVXUHýHYHQWV

,QKDODWLRQãýìýKRXUï

,QJHVWLRQãýGDLO\ï

,QWHJUDWLRQýRIýH[SRVXUHV
DFURVVýPXOWLSOHýPHGLD

<HVï

0HWKRGýIRUýGHWHUPLQLQJ
SROOXWDQWýFRQWDFWýUDWH

,QKDODWLRQãý1î$ï

,QJHVWLRQãý1î$ï

$FWLYLW\ýSDWWHUQ
PHWKRGRORJ\

,QIRUPDWLRQýRQýWKHýIUDFWLRQýRIýWLPHýVSHQWýLQýYDULRXV
PLFURHQYLURQPHQWVýE\ýHDFKýGHPRJUDSKLFýJURXSýIRUýHDFK
RIýëéýKRXUVýLVýXVHGï

6RXUFHýRIýDFWLYLW\ýSDWWHUQ
GDWD

5RGGLQñý(OOLVñýDQGý6LGGLTHHýõìäæäôý¦%DFNJURXQGý'DWDýIRU
+XPDQý$FWLYLW\ý3DWWHUQVñý9ROVïý,ýDQGý,,ï§ýý65,ý,QWHUQDWLRQDOï

7LPHýUHVROXWLRQýRIýDFWLYLW\
SDWWHUQV

ìýKRXUï

0LFURHQYLURQPHQWV
õ,QKDODWLRQô

ìï ,QGRRUVý¤ýUHVLGHQFH
ëDï ,QGRRUVý¤ýRIILFH
ëEï ,QGRRUVý¤ýVFKRRO
êï ,QýYHKLFOH
éï 2XWGRRUVý¤ýQHDUýDýURDG
èï 2XWGRRUVý¤ýRWKHUýORFDWLRQï

([SRVXUHýORFDWLRQV
õ,QJHVWLRQô

+RPH

0RGHOýFDOFXODWHVýH[SRVXUH
RIýFRPPXWHUV

<HVý¤ýFRPPXWLQJýSDWWHUQVýRIýZRUNHUVýEHWZHHQýH[SRVXUH
GLVWULFWVýDUHýPRGHOHGïýý&RPPXWLQJýGDWDýSURYLGHGýE\ýWKH
6RXWKHUQý&DOLIRUQLDý$VVRFLDWLRQýRIý*RYHUQPHQWVï

&RQFHQWUDWLRQVýDQG
VRXUFHV

2XWGRRUýFRQFHQWUDWLRQ
GHWHUPLQDWLRQýPHWKRG

(VWLPDWHGýIURPýGDWDýRQýHPLVVLRQýVRXUFHVýZLWKýWKHýDLU
GLVSHUVLRQýPRGXOHï

,QGRRUýFRQFHQWUDWLRQ
GHWHUPLQDWLRQýPHWKRG

$OWHUQDWLYHýìãýWKHý,QGRRUý$LUý4XDOLW\ý0RGHOýõ,$40ôñýDýPDVV
EDODQFHýPRGHOýXVLQJýRXWGRRUýFRQFHQWUDWLRQñýDLUýH[FKDQJH
UDWHVñýILOWUDWLRQýUDWHVñýDQGýPL[LQJýUDWLRVï

$OWHUQDWLYHýëãýLQGRRUîRXWGRRUýFRQFHQWUDWLRQýUDWLRVýREWDLQHG
IURPýILHOGýVWXGLHVï

,QðYHKLFOHýFRQFHQWUDWLRQ
HVWLPDWLRQ

6DPHýDVýIRUýLQGRRUýFRQFHQWUDWLRQýGHWHUPLQDWLRQýPHWKRGï

3DVVLYHýVPRNLQJ 1î$ï

2WKHUýLQGRRUýVRXUFHV $GGLWLYHýIDFWRUVýõXVHUýVXSSOLHGôï
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([WUDSRODWLRQýWR
VWXG\ýSRSXODWLRQ

0HWKRGýRIýDOORFDWLQJ
HVWLPDWHGýH[SRVXUHVýWR
VWXG\ýSRSXODWLRQ

(QWLUHýSRSXODWLRQýLVýVLPXODWHGýWKURXJKýWKHýXVHýRIýFRKRUWV
DQGýFHQVXVýGDWDýUHODWLQJýFRKRUWVýWRýVWXG\ýDUHDýSRSXODWLRQï
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7DEOHý%¤æ

0RGHOý)HDWXUHVýIRUý&3,(0

$WWULEXWH &RPSRQHQW 5HPDUNV

*HQHUDO 0RGHOýQDPH &3,(0ýõ&DOLIRUQLDý3RSXODWLRQý,QGRRUý([SRVXUHý0RGHOô

3ROOXWDQWVýRIýFRQFHUQ
%HQ]HQHñýEHQ]R>D@S\UHQHñý&2ñýFKORURIRUPñýIRUPDOGHK\GHñ
12ëñý30ìíñýSHUFKORURHWK\OHQHñýWULFKORURHWK\OHQHñýDQGý3$+Vïý
8VHUýKDVýWKHýDELOLW\ýWRýLQSXWýGDWDýIRUýRWKHUýFKHPLFDOVï

5HIHUHQFH
&DOLIRUQLDý$LUý5HVRXUFHVý%RDUGïýýìääåïýý'HYHORSPHQWýRIýD
PRGHOýIRUýDVVHVVLQJýLQGRRUýH[SRVXUHýWRýDLUýSROOXWDQWVï
6DFUDPHQWRñý&$ïýý5HSRUWý1Rïý$äêêðìèæïýý-DQXDU\ýìääåï

0RGHOýVWDWXV 2SHUDWHVýRQý3&Vï

&RQWDFWî$IILOLDWLRQ
6XVDQý/XPýõ&DOLIRUQLDý$LUý5HVRXUFHVý%RDUGô
õäìçôýêëêðèíéê

6WRFKDVWLF" <HVï

9DULDELOLW\" <HVï

8QFHUWDLQW\"

7KHýPRGHOýQHHGVýWRýEHýUXQýVHYHUDOýWLPHVýZLWKýDOOýLQSXWVýWKH
VDPHýH[FHSWýWKHýUDQGRPýQXPEHUýVHHGïýý9DULDQFHýLQýHDFK
RXWSXWýSDUDPHWHUýDFURVVýWKHýUHSHDWHGýPRGHOýUXQVýLVýWKHQ
XVHGýWRýFKDUDFWHUL]HýWKHýXQFHUWDLQW\ýWKURXJKýDýPHDVXUH
VXFKýDVýWKHýFRHIILFLHQWýRIýYDULDWLRQï

0RGHOHGýDUHDñýVWXG\
SRSXODWLRQñýDQG
PRGHOLQJýSHULRG

6WXG\ýDUHDVýZKHUHýPRGHO
KDVýEHHQýDSSOLHG

0RVWýUHFHQWO\ýDSSOLHGýWRýWKHý6RXWKý&RDVWýUHJLRQ
õHQFRPSDVVHVý/RVý$QJHOHVýDQGýVXUURXQGLQJýDUHDVôï

6SDWLDOýGHVLJQDWLRQýRI
VWXG\ýDUHD

6RXWKý&RDVWýUHJLRQñý6DQý)UDQFLVFRý%D\ýDUHDñýRUýWKH
UHPDLQGHUýRIýWKHý6WDWHýRIý&DOLIRUQLDï

6XEðDUHDýGHVLJQDWLRQV &RXQW\ï

([SRVXUHýGXUDWLRQýIRU
PRGHOLQJ

9DULHVýõXVHUðGHILQHGôï

*HQHUDOýSRSXODWLRQýRI
LQWHUHVW

&DOLIRUQLDýSRSXODWLRQï

6SHFLDOýVXEJURXSVýRU
GHVLJQDWLRQV

&HUWDLQýLGHQWLILHGýVXEJURXSVýRIýWKHýSRSXODWLRQýVXFKýDV
LQGLYLGXDOVýZKRýPD\ýEHýVHQVLWLYHýWRýLQGRRUýSROOXWDQWVï

6SHFLDOýDWWULEXWHVýIRU
VXEJURXSV

)RUýSXUSRVHVýRIýFDOFXODWLQJýSRWHQWLDOýGRVHñýWKHýSRSXODWLRQ
ZDVýIXUWKHUýVHJUHJDWHGýLQWRýWKHýIROORZLQJýJURXSVãýDGXOW
PDOHVñýDGXOWýIHPDOHVñýDQGýFKLOGUHQýõDJHýìëýDQGý\RXQJHUôï

6RXUFHýRIýGHPRJUDSKLF
GDWDýIRUýVWXG\ýSRSXODWLRQ

([SRVXUHýHYHQWV (QYLURQPHQWDOýPHGLD ,QGRRUýDLUýDQGýRXWGRRUýDLUï

([SRVXUHýPHGLD ,QGRRUýDLUýDQGýRXWGRRUýDLUï

3DWKZD\V $PELHQWýDLUýDQGýLQGRRUýDLUýWRýSHUVRQDOýDLUï

5RXWHV ,QKDODWLRQ
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7LPHýUHVROXWLRQýRI
H[SRVXUHýHYHQWV

,QKDODWLRQãýìðKRXUýSHULRGVâýEXWýWKHVHýPD\ýEHýDJJUHJDWHG
LQWRýDQýåðKRXUýH[SRVXUHýHYHQWïýý$OVRñýDýìëðýRUýëéðKRXU
H[SRVXUHýHYHQWýPD\ýEHýVSHFLILHGýõWKHýEDVLVýIRUýWKHVHýDUHýD
VLQJOHýDFWLYLW\ýSHUýLQGLYLGXDOôï

,QJHVWLRQãý1î$ï

,QWHJUDWLRQýRIýH[SRVXUHV
DFURVVýPXOWLSOHýPHGLD

1î$ï

0HWKRGýIRUýGHWHUPLQLQJ
SROOXWDQWýFRQWDFWýUDWH

,QKDODWLRQãý%UHDWKLQJýUDWHVýDUHýVXSSOLHGýE\ýWKHýPRGHOýIRU
WKUHHýDJHîVH[ýJURXSVýõDGXOWýPDOHVñýDGXOWýIHPDOHVñýDQG
FKLOGUHQýXQGHUýDJHýìëôýDQGýIRXUýDFWLYLW\ýOHYHOVýõUHVWLQJñýOLJKWñ
PRGHUDWHñýKHDY\ôïýý8VLQJýLQIRUPDWLRQýVDPSOHGýRQýWKH
TXDQWLW\ýRIýWLPHýVSHQWýLQýDQýHQYLURQPHQWýDQGýWKH
FRQFHQWUDWLRQýLQýHDFKýHQYLURQPHQWñýFRPELQHGýZLWKýWKH
EUHDWKLQJýUDWHVñýWKHýPRGHOýFDOFXODWHVýWKHýSRWHQWLDOýLQKDOHG
GRVHýUHFHLYHGýE\ýHDFKýLQGLYLGXDOýLQýHDFKýHQYLURQPHQWï

,QJHVWLRQãý1î$ï

$FWLYLW\ýSDWWHUQ
PHWKRGRORJ\

/RFDWLRQýFRGHVýZHUHýJURXSHGýLQWRýQLQHýW\SHVýRI
HQYLURQPHQWVïýý7KHQñýWKHýWLPHýVSHQWýZDVýVXPPHGýDFURVV
ORFDWLRQVýZLWKLQýHDFKýHQYLURQPHQWýW\SHïýý7KLVýZDVýGRQH
VHSDUDWHO\ýIRUýHDFKýLQGLYLGXDOýIRUýDýëéðKRXUýSHULRGñýìëðKRXU
GD\WLPHýDQGýQLJKWWLPHýSHULRGVñýëéýVHTXHQWLDOýìðKRXU
SHULRGVñýDQGýëéýUXQQLQJýåðKRXUýSHULRGVïýý:LWKLQýHDFKýRIýWKH
QLQHýHQYLURQPHQWýW\SHVñýHDFKýLQGLYLGXDO©VýWLPHýZDVýIXUWKHU
GLVDJJUHJDWHGýDFFRUGLQJýWRýIRXUýDFWLYLW\ýOHYHOVýõUHVWLQJñ
OLJKWñýPRGHUDWHñýKHDY\ôïýý,QýDGGLWLRQñýGHPRJUDSKLF
LQIRUPDWLRQýõHïJïñýDJHñýJHQGHUñýORFDWLRQýRIýUHVLGHQFHñýPRQWK
DQGýGD\ýRIýZHHNýZKHQýWKHýDFWLYLW\ýZDVýUHFRUGHGñýZRUN
VWDWXVñýLQFRPHôýRQýHDFKýSHUVRQýZDVýPDWFKHGýWRýWKHLU
ORFDWLRQîDFWLYLW\ýLQIRUPDWLRQïýý$QýLQGH[ýQXPEHUýZDV
DVVLJQHGýVHTXHQWLDOO\ýWRýHDFKýUHFRUGýRIýHDFKýILOHýLQýRUGHUýWR
HQDEOHýOLQNLQJýWKHýLQIRUPDWLRQï

6RXUFHýRIýDFWLYLW\ýSDWWHUQ
GDWD

7ZRý$5%ðVSRQVRUHGýVWXGLHVãý7KHýILUVWýIRUýDýWDUJHW
SRSXODWLRQýRIýDGXOWVýõìåý\HDUVýDQGýROGHUôýDQGýDGROHVFHQWV
õìëýWRýìæý\HDUVôñýSURYLGHGýìñæçëýSURILOHVâýWKHýVHFRQGñýIRUýD
WDUJHWýSRSXODWLRQýRIýFKLOGUHQýõDJHGýììý\HDUVýDQGý\RXQJHUôñ
SURYLGHGýìñëííýSURILOHVï

7LPHýUHVROXWLRQýRIýDFWLYLW\
SDWWHUQV

2QHýPLQXWHïý

0LFURHQYLURQPHQWV
õ,QKDODWLRQô

(QYLURQPHQWýW\SHVãýUHVLGHQFHVýõQXPHURXV
PLFURHQYLURQPHQWVôâýRIILFHVýõRIILFHñýEDQNñýRUýSRVWýRIILFHôâ
LQGXVWULDOýSODQWVâýVFKRROâýWUDYHOýLQýHQFORVHGýYHKLFOHVýõVHYHUDO
PLFURHQYLURQPHQWVôâýVWRUHVýDQGýRWKHUýSXEOLFýEXLOGLQJV
õVHYHUDOýPLFURHQYLURQPHQWVôâýUHVWDXUDQWVýDQGýORXQJHVâ
RWKHUýLQGRRUýORFDWLRQVýõVHYHUDOýPLFURHQYLURQPHQWVôâ
RXWGRRUVýõVHYHUDOýPLFURHQYLURQPHQWVôï

([SRVXUHýORFDWLRQV
õ,QJHVWLRQô

1î$ï

0RGHOýFDOFXODWHVýH[SRVXUH
RIýFRPPXWHUV

'LVWULEXWLRQDOýGDWDýRQýFRQFHQWUDWLRQVýIRUýWUDYHOýLQýHQFORVHG
YHKLFOHVýZHUHýWDNHQýIURPýVWXGLHVýLGHQWLILHGýLQýWKHýOLWHUDWXUHïý
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&RQFHQWUDWLRQVýDQG
VRXUFHV

2XWGRRUýFRQFHQWUDWLRQ
GHWHUPLQDWLRQýPHWKRG

7ZRýRSWLRQVýDUHýSURYLGHGýIRUýLQSXWWLQJýRXWGRRU
FRQFHQWUDWLRQVãýGDLO\ðDYHUDJHýYDOXHVýDQGýKRXUO\ðDYHUDJH
YDOXHVïýý6RXUFHVýRIýGDWDýLGHQWLILHGýIRUýLQSXWýõIRU
IRUPDOGHK\GHñýVHYHUDOý92&Vñý%õDô3ñý30ìíñý12ëñýDQGý&2ô
LQFOXGHýVWDWHîORFDOýDPELHQWýDLUýPRQLWRULQJýQHWZRUNVýDQG
VRPHýLQGRRUýDLUýPRQLWRULQJýVWXGLHVýZKHUHýRXWGRRU
FRQFHQWUDWLRQVýZHUHýPHDVXUHGýLQýFRQMXQFWLRQýZLWKýLQGRRU
PHDVXUHPHQWVï

,QGRRUýFRQFHQWUDWLRQ
GHWHUPLQDWLRQýPHWKRG

0DVVýEDODQFHýPRGHOï
(DFKýVRXUFHýLVýDVVRFLDWHGýZLWKýERWKýDýSROOXWDQWýõDýVRXUFH
PD\ýEHýDVVRFLDWHGýZLWKýPRUHýWKDQýRQHýSROOXWDQWôýDQGýD
VRXUFHýFDWHJRU\ýõýORQJðWHUPñýHSLVRGLFñýRUýIUHTXHQWôïýý
)RUýHDFKýVRXUFHýFDWHJRU\ñýGLIIHUHQWýLQSXWýSDUDPHWHUVýDUH
UHTXLUHGýE\ýWKHýPRGHOýZKLFKýDUHýVDPSOHGýIURPýGLVWULEXWLRQVï
7KHýPRGHOýFDOFXODWHVýWKHýLQLWLDOýLQGRRUýFRQFHQWUDWLRQýDQG
WKHýKRXUO\ýHPLVVLRQýUDWHVïýý7KHVHýFRQWULEXWLRQVýDUHýWKHQ
XVHGýE\ýWKHýPDVVýEDODQFHýURXWLQHýWRýFDOFXODWHýWKHýLQGRRU
FRQFHQWUDWLRQVï

,QðYHKLFOHýFRQFHQWUDWLRQ
HVWLPDWLRQ

'LVWULEXWLRQDOýGDWDýRQýFRQFHQWUDWLRQVýIRUýWUDYHOýLQýHQFORVHG
YHKLFOHVýZHUHýWDNHQýIURPýVWXGLHVýLGHQWLILHGýLQýWKHýOLWHUDWXUHï

3DVVLYHýVPRNLQJ

2WKHUýLQGRRUýVRXUFHV

([DPSOHVýRIýWKHýLQGRRUýVRXUFHVýFRQVLGHUHGýIRUýSROOXWDQWV
SURYLGHGýZLWKýWKHýPRGHOýDUHýWREDFFRýVPRNLQJñýXQEXUQHG
QDWXUDOýJDVýõOHDNVôñýYDULRXVýFRQVXPHUýSURGXFWVñýZRRG
EXUQLQJñýUDQJHýFRRNLQJñýUDQJHýSLORWýOLJKWñýFKORULQDWHGýZDWHU
VXSSO\ñýSUHVVHGýZRRGýSURGXFWVñýYDFXXPLQJîVZHHSLQJñýDQG
GU\ðFOHDQHGýFORWKHVï
ó1RWH¤ý'DWDýDUHýQRWýDYDLODEOHýIRUýHDFKýSROOXWDQWýEHLQJ
HPLWWHGýIURPýHDFKýRIýWKHVHýLGHQWLILHGýVRXUFHVï

([WUDSRODWLRQýWR
VWXG\ýSRSXODWLRQ

0HWKRGýRIýDOORFDWLQJ
HVWLPDWHGýH[SRVXUHVýWR
VWXG\ýSRSXODWLRQ
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7DEOHý%¤å

0RGHOý)HDWXUHVýIRUý6+('6

$WWULEXWH &RPSRQHQW 5HPDUNV

*HQHUDO
0RGHOýQDPH

6+('6ý
õ6WRFKDVWLFý+XPDQý([SRVXUHýDQGý'RVHý6LPXODWLRQôý0RGHO

3ROOXWDQWVýRIýFRQFHUQ
SHVWLFLGHVñýSDUWLFXODWHýPDWWHUñýDQGýRWKHUý323VñýPHWDOVñýDQG
DLUýWR[LFV

5HIHUHQFHV

=DUWDULDQý9ï*ïñýg]ND\QDNý+ïñý%XUNHý-ï0ïñý=XIDOOý0ï-ïñý5LJDV
0ï/ïñýDQGý)XUWDZý-Uïý(ï-ïýý$ý0RGHOLQJý)UDPHZRUNý)RU
(VWLPDWLQJý&KLOGUHQöVý5HVLGHQWLDOý([SRVXUHýDQGý'RVHýWR
&KORUS\ULIRVý9LDý'HUPDOý5HVLGXHý&RQWDFWýDQGý1RQð'LHWDU\
,QJHVWLRQïýý6XEPLWWHGýWRý(QYLURQPHQWDOý+HDOWK
3HUVSHFWLYHVïýý6HSWHPEHUýìäääï

g]ND\QDNý+ïñý=XIDOOñý0ïñý%XUNHñý-ïñý;XHñý-ïñý=LGHNñý-ïýýìäääDïý
3UHGLFWLQJýSRSXODWLRQýH[SRVXUHVýWRý30ìíýDQGý30ëïèïý
3UHVHQWHGýDWý30ý&ROORTXLXPñý'XUKDPñý1&ïýý-XQHñýìäääï

g]ND\QDNý+ïñý=XIDOOñý0ïñý%XUNHñý-ïñý;XHñý-ïñý=LGHNñý-ïýýìäääEïý
$ý3UREDELOLVWLFý3RSXODWLRQý([SRVXUHý0RGHOýIRUý30ìíýDQG
30ëïèïýý3UHVHQWHGýDWýäWKý&RQIHUHQFHýRIýWKHý,QWHUQDWLRQDO
6RFLHW\ýRIý([SRVXUHý$QDO\VLVñý$WKHQVñý*UHHFHïýý6HSWHPEHU
èðåñýìäääï

0RGHOýVWDWXV

3URWRW\SHýILUVWðJHQHUDWLRQý6+('6ð3HVWLFLGHVýPRGHOýKDV
EHHQýGHYHORSHGïýý$ýFDVHýVWXG\ýIRUýFKLOGUHQýDQGýFKORUS\ULIRV
KDVýEHHQýFRQGXFWHGýXVLQJýìðVWDJHý0RQWHý&DUORýVDPSOLQJïý
&XUUHQWO\ýFDVHýVWXG\ýLVýEHLQJýFRPSOHWHGýIRUýëðVWDJHý0RQWH
&DUORýVDPSOLQJýWRýFRQGXFWýYDULDELOLW\ýDQGýXQFHUWDLQW\
DQDO\VHVïýý1H[WýJHQHUDWLRQýZLOOýIRFXVýRQýSHVWLFLGHVýDQG
RWKHUýPXOWLPHGLDñýPXOWLSDWKZD\ýSROOXWDQWýIRUýGLIIHUHQW
SRSXODWLRQýFRKRUWVñýDQGýZLOOýDVVHVVýERWKýFXPXODWLYHýDQG
DJJUHJDWHýGRVHï

3URWRW\SHýILUVWðJHQHUDWLRQý6+('6ð30ýPRGHOýKDVýEHHQ
GHYHORSHGïýý$ý30ìíýFDVHýVWXG\ýIRUý9DQFRXYHUñý&DQDGDýKDV
EHHQýFRQGXFWHGýXVLQJýìðVWDJHý0RQWHý&DUORýVDPSOLQJïý
6XEVHTXHQWýJHQHUDWLRQVýZLOOýIRFXVýRQýPRGHOLQJýERWKý30ìí
DQGý30ëïèýH[SRVXUHýDQGýGRVHýLQýDýVHOHFWHGý8ï6ïýFLW\ñýXVLQJ
ëðVWDJHý0RQWHý&DUORýVDPSOLQJï

&RQWDFWî$IILOLDWLRQ

+DO�Nýg]ND\QDNñý8ï6ïý(3$ý1DWLRQDOý([SRVXUHý5HVHDUFK
/DERUDWRU\ýõäìäðèéìðèìæëô
9DOHULHý=DUWDULDQýõ6+('6ð3HVWLFLGHVôñý8ï6ïý(3$ý1DWLRQDO
([SRVXUHý5HVHDUFKý/DERUDWRU\ýõæíêðçéåðèèêåô
-DQHWý%XUNHýõ6+('6ð30ôñý8ï6ïý(3$ý1DWLRQDOý([SRVXUH
5HVHDUFKý/DERUDWRU\ýõäìäðèéìðíåëíô
0DULDý=XIDOOýõ6+('6ð30ôñý8ï6ïý(3$ý1DWLRQDOý([SRVXUH
5HVHDUFKý/DERUDWRU\ýõäìäðèéìðèéçìô

6WRFKDVWLF"
<HVýðýDOOýPRGHOýLQSXWVýDUHýUHSUHVHQWHGýE\ýDýSUREDELOLW\
GLVWULEXWLRQ
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9DULDELOLW\"
<HVýðýYDULDELOLW\ýRIýLQSXWVýLVýH[SOLFLWO\ýUHSUHVHQWHGýE\ýXVHUð
VSHFLILHGýSUREDELOLW\ýGLVWULEXWLRQVýDQGý0RQWHý&DUORýVDPSOLQJ
LVýDSSOLHGýWRýTXDQWLI\ýYDULDELOLW\ýLQýPRGHOýRXWSXWVïý

8QFHUWDLQW\"

<HVýðýIRUýHDFKýLQSXWýSDUDPHWHUýSUREDELOLW\ýGLVWULEXWLRQñ
DVVRFLDWHGýXQFHUWDLQW\ýGLVWULEXWLRQVýFDQýDOVRýEHýVSHFLILHGïý
ëðVWDJHý0RQWHý&DUORýVDPSOLQJýLVýDSSOLHGýWRýDQDO\]H
XQFHUWDLQW\ýLQýPRGHOýRXWSXWVï

0RGHOHGýDUHDñýVWXG\
SRSXODWLRQñýDQG
PRGHOLQJýSHULRG

6WXG\ýDUHDVýZKHUHýPRGHO
KDVýEHHQýDSSOLHG

)LUVWðJHQHUDWLRQý6+('6ð3HVWLFLGHVýPRGHOýKDVýEHHQ
DSSOLHGýWRýHVWLPDWHýFKLOGUHQöVýLQGRRUýDQGýRXWGRRUýõKRPH
ODZQôýH[SRVXUHVýDQGýGRVHVýWRýFKORUS\ULIRVïýý&KLOGUHQýZHUH
VDPSOHGýIURPýWKHý1DWLRQDOý+XPDQý$FWLYLW\ý3DWWHUQý6XUYH\ñ
ZKLFKýLQFOXGHVýDOOýéåýFRQWHUPLQRXVý8ï6ïýVWDWHVïý

)LUVWðJHQHUDWLRQý6+('6ð30ýPRGHOýKDVýEHHQýDSSOLHGýWR
HVWLPDWHý30ìíýH[SRVXUHVýWRýLQGLYLGXDOVýLQý9DQFRXYHUñ
&DQDGDï

6SDWLDOýGHVLJQDWLRQýRI
VWXG\ýDUHD

7KHýGHVLJQDWHGýVWXG\ýDUHDýLVýWKHýJHRJUDSKLFýORFDWLRQ
DVVRFLDWHGýZLWKýWKHýXVHUðVSHFLILHGýFRKRUWýIURPýQDWLRQDO
WLPHîORFDWLRQîDFWLYLW\ýVXUYH\VýLQý(3$öVý&RQVROLGDWHGý+XPDQ
$FWLYLW\ý'DWDEDVHýõ&+$'ôï

6XEðDUHDýGHVLJQDWLRQV

6XEðDUHDýGHVLJQDWLRQVýDUHýWKHýVHWýRIýORFDWLRQV
õPLFURHQYLURQPHQWVôýRFFXSLHGýE\ýLQGLYLGXDOVýVDPSOHGýIURP
WKHýWLPHîORFDWLRQîDFWLYLW\ýSDWWHUQýVXUYH\VýLQý(3$öV
&RQVROLGDWHGý+XPDQý$FWLYLW\ý'DWDEDVHýõ&+$'ôï

([SRVXUHýGXUDWLRQýIRU
PRGHOLQJ

'DLO\ýH[SRVXUHýDQGýGRVHýSURILOHVýDUHýPRGHOHGýIRUýHDFK
LQGLYLGXDOïýý7KHýWLPHýVFDOHVýXVHGýWRýJHQHUDWHýWKHVHýSURILOHV
GLIIHUýE\ýURXWHïýý)RUýLQKDODWLRQñýWKHýWLPHýVFDOHýUDQJHVýIURPýì
PLQXWHýWRýìëýKRXUVñýGHSHQGLQJýRQýWKHýSROOXWDQWýDQGýGLDU\
VHOHFWHGïýý)RUýGHUPDOýFRQWDFWýDQGýQRQðGLHWDU\ýLQJHVWLRQñýWKH
WLPHýVFDOHýLVýèýVHFRQGVïýý)RUýGLHWDU\ýLQJHVWLRQñýWKHýWLPH
VFDOHýIRUýLQJHVWLRQýLVýLQVWDQWDQHRXVýIRUýHDFKýHDWLQJîGULQNLQJ
HYHQWñýEXWýDEVRUSWLRQýLVýFDOFXODWHGýRQýDýêíðPLQXWHýWLPH
VFDOHýDIWHUýHDFKýLQJHVWLRQýHYHQWïý7KHýGDLO\ýSURILOHV
FRUUHVSRQGýWRýWLPHýSHULRGVýDVVRFLDWHGýZLWKýWKHýXVHUð
VSHFLILHGýHQYLURQPHQWDOýFRQFHQWUDWLRQVýõHïJïñýáìýGD\ñýìðæ
GD\VñýåðêíýGD\VñýêíðêçèýGD\VýSRVWðSHVWLFLGHýDSSOLFDWLRQôï

*HQHUDOýSRSXODWLRQýRI
LQWHUHVW

7KHý8ï6ïýSRSXODWLRQýDVýUHSUHVHQWHGýE\ýLQGLYLGXDOVýLQ
WLPHîORFDWLRQîDFWLYLW\ýVXUYH\VýFRQWDLQHGýLQý(3$öV
&RQVROLGDWHGý+XPDQý$FWLYLW\ý'DWDEDVHýõ&+$'ôï

6SHFLDOýVXEJURXSVýRU
GHVLJQDWLRQV

7KHýILUVWýJHQHUDWLRQýRIý6+('6ð3HVWLFLGHVýIRFXVHVýRQ
UHVLGHQWLDOýH[SRVXUHVýWRýFKLOGUHQýõíðéý\HDUVýDQGýèðäý\HDUVôïý
7KHýQH[WýJHQHUDWLRQýZLOOýEHýDEOHýWRýDGGUHVVýUHVLGHQWLDOñýQRQð
UHVLGHQWLDOñýDQGýRFFXSDWLRQDOýH[SRVXUHVýIRUýRWKHUýFRKRUWVýRI
LQWHUHVWï

7KHýILUVWýJHQHUDWLRQýRIý6+('6ð30ýHVWLPDWHVýH[SRVXUHVýE\
JHQGHUýDQGýDJHýFDWHJRU\ï

6SHFLDOýDWWULEXWHVýIRU
VXEJURXSV

7KHýILUVWýJHQHUDWLRQýRIý6+('6ð3HVWLFLGHVýIRFXVHVýRQ
FKLOGUHQýOLYLQJýLQýUHVLGHQFHVýZLWKýODZQVï

6RXUFHýRIýGHPRJUDSKLF
GDWDýIRUýVWXG\ýSRSXODWLRQ

7LPHîORFDWLRQîDFWLYLW\ýVXUYH\VýLQý(3$öVý&+$'ï
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([SRVXUHýHYHQWV

(QYLURQPHQWDOýPHGLD

6+('6ýLVýDýFRQFHQWUDWLRQðWRðGRVHýPRGHOýLQýZKLFKýWKHýXVHU
HQWHUVýGLVWULEXWLRQVýIRUýUHVLGXHVýRUýFRQFHQWUDWLRQVýLQ
H[SRVXUHýPHGLDýUDWKHUýWKDQýHQYLURQPHQWDOýPHGLDýõH[FHSW
IRUýDPELHQWýDLUýDQGýVXUIDFHýVRLOôï

([SRVXUHýPHGLD
LQGRRUýDLUâýRXWGRRUýDLUâýFRPPXWLQJîLQðYHKLFOHýDLUâýVRLOâýKRXVH
GXVWâýVXUIDFHýUHVLGXHVýõLQGRRUýDQGýODZQôâýKDQGýDQGýREMHFW
UHVLGXHVâýWDSýZDWHUâýIRRGýDQGýEHYHUDJHV

3DWKZD\V

,QJHVWLRQýRIýUHVLGXHVýLQýIRRGýDQGýEHYHUDJHVýE\
HDWLQJîGULQNLQJýHYHQWâ
'HUPDOýFRQWDFWýZLWKýVRLOñýGXVWñýRUýUHVLGXHVýRQýVXUIDFHVâý
1RQðGLHWDU\ýLQJHVWLRQýRIýUHVLGXHVýRQýVNLQýDQGýREMHFWV
PRXWKHGâ
,QKDODWLRQýRIýSROOXWDQWVýLQýLQGRRUñýRXWGRRUñýDQG
FRPPXWLQJîLQðYHKLFOHýORFDWLRQV

5RXWHV
,QKDODWLRQñý'LHWDU\ý,QJHVWLRQýõIRRGñýGULQNLQJýZDWHUñýRWKHU
EHYHUDJHVôñý1RQð'LHWDU\ý,QJHVWLRQýõKDQGðWRðPRXWKýDQG
REMHFWðWRðPRXWKôñý'HUPDOý&RQWDFW

7LPHýUHVROXWLRQýRI
H[SRVXUHýHYHQWV

,QKDODWLRQãýý'DLO\ýSURILOHVýZLWKýGRZQýWRýìýPLQXWHýUHVROXWLRQï
'HUPDOýDQGý1RQð'LHWDU\ý,QJHVWLRQãýý'DLO\ýSURILOHVýZLWKýèð
VHFRQGýUHVROXWLRQï
'LHWDU\ý,QJHVWLRQãýý'DLO\ýSURILOHVýZLWKýêíðPLQXWHýUHVROXWLRQ
IRUýDEVRUSWLRQâýUHVLGXHVýLQJHVWHGýE\ýHDWLQJýHYHQWVýDVVXPHG
WRýEHýLQVWDQWDQHRXVï

,QWHJUDWLRQýRIýH[SRVXUHV
DFURVVýPXOWLSOHýPHGLD

([SRVXUHVýDUHýHVWLPDWHGýIRUýHDFKýURXWHýDQGýSDWKZD\ýYLD
VHTXHQWLDOýH[SRVXUHýSURILOHVïýý&RUUHVSRQGLQJýGRVHýSURILOHV
IRUýHDFKýURXWHýDQGýSDWKZD\ýDUHýFDOFXODWHGýWKHQýVXPPHG
DFURVVýURXWHVïý

0HWKRGýIRUýGHWHUPLQLQJ
SROOXWDQWýFRQWDFWýUDWH

,QKDODWLRQãý)RUýVDPSOHGýLQGLYLGXDOöVýGDLO\ýVHTXHQWLDOý
WLPHîORFDWLRQîDFWLYLW\ýGLDU\ýHYHQWVñýFRPELQHýORFDWLRQðVSHFLILF
DLUýFRQFHQWUDWLRQVýõGUDZQýIURPýLQSXWýSUREDELOLW\
GLVWULEXWLRQVôñýDFWLYLW\ðVSHFLILFýLQKDODWLRQýUDWHVýõLQý&+$'ñ
GHULYHGýXVLQJý0(76ôñýDQGýLQKDODWLRQýDEVRUSWLRQýIUDFWLRQï

'LHWDU\ý,QJHVWLRQãý)RUýVDPSOHGýLQGLYLGXDOöVýGDLO\ýVHTXHQWLDO
WLPHîORFDWLRQîDFWLYLW\ýGLDU\ýHYHQWVñýFRPELQHýWRWDOýUHVLGXH
PDVVýLQJHVWHGýGXULQJýHDFKýHDWLQJîGULQNLQJýHYHQWýõVDPSOHG
IURPýPHDVXUHGýRUýPRGHOHGýGLVWULEXWLRQVôýZLWKýGLHWDU\
DEVRUSWLRQýIUDFWLRQï

'HUPDOý&RQWDFWãýý)RUýVDPSOHGýLQGLYLGXDOöVýGDLO\ýVHTXHQWLDO
WLPHîORFDWLRQîDFWLYLW\ýGLDU\ýHYHQWVñýVLPXODWHýVHTXHQFHVýRI
PLFUROHYHOýREMHFWýFRQWDFWýHYHQWVýXVLQJýSUREDELOLWLHV
GHYHORSHGýIURPýYLGHRJUDSK\ýVWXG\ýGDWDïýý)RUýHDFKýGLVFUHWH
PLFUROHYHOýFRQWDFWýHYHQWñýFRPELQHýVXUIDFHýUHVLGXHñýWUDQVIHU
RUýUHPRYDOýHIILFLHQF\ñýDQGýGHUPDOýRUý*,ýDEVRUSWLRQýUDWH
FRQVWDQWïýý
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$FWLYLW\ýSDWWHUQ
PHWKRGRORJ\

'DLO\ýWLPHîORFDWLRQîDFWLYLW\ýSURILOHVýDUHýREWDLQHGýIURP
VXUYH\VýFRQWDLQHGýLQý(3$öVý&+$'ýõHïJïñý1+$36ñý&$5%ñý8ï
0LFKLJDQôïýý)RUýLQKDODWLRQñýWKHýGD\ýLVýGLYLGHGýLQWRýìðPLQXWH
WRýìëýKRXUýVHTXHQWLDOýDFWLYLWLHVýõGHSHQGLQJýRQýWKHýSROOXWDQW
DQGýGLDU\ýVHOHFWHGôïýý)RUýLQJHVWLRQñýWKHýGD\ýLVýGLYLGHGýLQWR
êíðPLQXWHýVHTXHQWLDOýPDFURðDFWLYLWLHVýDQGýHDWLQJîGULQNLQJ
HYHQWVïý)RUýGHUPDOýDQGýQRQðGLHWDU\ýLQJHVWLRQñýWKHýGD\ýLV
GLYLGHGýILUVWýLQWRýêíðPLQXWHýVHTXHQWLDOýPDFURðDFWLYLWLHVñýWKHQ
HDFKýPDFURðDFWLYLW\ýLVýGLYLGHGýLQWRýèðVHFRQGýFRQWDFWýHYHQWVïý
'DLO\ýDFWLYLW\ýSDWWHUQýWLPHýSURILOHVýIRUýHDFKýURXWHýDUH
FRPELQHGýZLWKýFRQFHQWUDWLRQVñýH[SRVXUHýIDFWRUVñýDQGýGRVH
IDFWRUVýWRý\LHOGýGDLO\ýH[SRVXUHýDQGýGRVHýSURILOHVïýýý

6RXUFHýRIýDFWLYLW\ýSDWWHUQ
GDWD

)RUýPDFUROHYHOýDFWLYLW\ýSDWWHUQVñýWLPHîORFDWLRQîDFWLYLW\
VXUYH\VýFRQWDLQHGýLQý(3$öVý&+$'ýõHïJïñý1+$36ñý&$5%ñý8ï
0LFKLJDQôýDUHýXVHGï
)RUýPLFUROHYHOýDFWLYLW\ýSDWWHUQVñýGDWDýRQýFRQWDFWýIUHTXHQF\
DQGýGXUDWLRQýIRUýGLIIHUHQWýERG\ýSDUWVýDQGýVXUIDFHVýDUH
REWDLQHGýIURPýDYDLODEOHýYLGHRJUDSK\ýVWXGLHVï

7LPHýUHVROXWLRQýRIýDFWLYLW\
SDWWHUQV

,QKDODWLRQãýìýPLQXWHýWRýìëýKRXUVñýGHSHQGLQJýRQýWKHýSROOXWDQW
DQGýGLDU\ýVHOHFWHGïï
'LHWDU\ýLQJHVWLRQãý'DLO\ýFRQVXPSWLRQýSDWWHUQVñýZLWK
LQVWDQWDQHRXVýLQJHVWLRQýDVVXPHGýIRUýHDFKýHDWLQJîGULQNLQJ
HYHQWñýDQGýêíðPLQXWHýWLPHýVWHSVýIRUý*,ýDEVRUSWLRQï
'HUPDOýDQGýQRQðGLHWDU\ýLQJHVWLRQãýýèðVHFRQGýWLPHýVWHSVýIRU
FRQWDFWýHYHQWVýRFFXUULQJýZLWKLQýHDFKýPDFURðDFWLYLW\ï

0LFURHQYLURQPHQWV
õ,QKDODWLRQô

,QýWKHýILUVWðJHQHUDWLRQýRIý6+('6ãýýLQGRRUVýDWýKRPHýDQG
RXWGRRUVýDWýKRPHñýQRQðUHVLGHQWLDOýORFDWLRQVýõ6+('6ð30ôñ
DQGýLQýYHKLFOHVýõ6+('6ð30ô

([SRVXUHýORFDWLRQV
õ,QJHVWLRQô

0LFURHQYLURQPHQWVýLQýWLPHîORFDWLRQîDFWLYLW\ýVXUYH\VýLQýZKLFK
VDPSOHGýLQGLYLGXDOVýLQJHVWýIRRGýRUýEHYHUDJHVï

0RGHOýFDOFXODWHVýH[SRVXUH
RIýFRPPXWHUV

)LUVWýJHQHUDWLRQýRIý6+('6ýFDOFXODWHVýLQðYHKLFOHýH[SRVXUHVñ
EXWýGRHVýQRWýH[SOLFLWO\ýLQFRUSRUDWHýSROOXWLRQýJUDGLHQWVýGXULQJ
FRPPXWLQJïýý1H[WýJHQHUDWLRQýZLOOýLQFOXGHýDLUýFRQFHQWUDWLRQV
LQýVSHFLILHGýFRKRUW©VýFRPPXWLQJýDUHDï

&RQFHQWUDWLRQVýDQG
VRXUFHV 2XWGRRUýFRQFHQWUDWLRQ

GHWHUPLQDWLRQýPHWKRG

6+('6ýUHTXLUHVýXVHUýWRýHQWHUýGLVWULEXWLRQVýIRU
FRQFHQWUDWLRQVýLQýH[SRVXUHýPHGLDïýý'LVWULEXWLRQVýIRUýRXWGRRU
FRQFHQWUDWLRQVýFDQýEHýGHULYHGýIURPýPHDVXUHPHQWVýRUýIURP
IDWHýDQGýWUDQVSRUWýPRGHOVï

,QGRRUýFRQFHQWUDWLRQ
GHWHUPLQDWLRQýPHWKRG

6+('6ð3HVWLFLGHVýUHTXLUHVýXVHUýWRýHQWHUýGLVWULEXWLRQVýIRU
FRQFHQWUDWLRQVýLQýH[SRVXUHýPHGLDïýý'LVWULEXWLRQVýIRUýLQGRRU
FRQFHQWUDWLRQVýFDQýEHýGHULYHGýIURPýPHDVXUHPHQWVýRUýIURP
IDWHýDQGýWUDQVSRUWýPRGHOVï

6+('6ð30ýXVHVýDýSK\VLFDOýRUýHPSLULFDOýPDVVýEDODQFH
PRGHOýWRýHVWLPDWHýLQGRRUýFRQFHQWUDWLRQVï

,QðYHKLFOHýFRQFHQWUDWLRQ
HVWLPDWLRQ

6+('6ýUHTXLUHVýXVHUýWRýHQWHUýGLVWULEXWLRQVýIRU
FRQFHQWUDWLRQVýLQýH[SRVXUHýPHGLDïýý,QðYHKLFOHýDLU
FRQFHQWUDWLRQVýDUHýPRGHOHGýXVLQJýDYDLODEOHýPHDVXUHPHQWVï

3DVVLYHýVPRNLQJ
,QGRRUý30ýSDVVLYHýVPRNLQJýFRQFHQWUDWLRQVýDUHýPRGHOHG
XVLQJýDýPDVVýEDODQFHýPRGHOï
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2WKHUýLQGRRUýVRXUFHV

2WKHUýLQGRRUýVRXUFHVýõHïJïñýWUDFNHGðLQýVRLOñýVWULSSLQJýRI
FKHPLFDOVýYLDýKRXVHKROGýZDWHUýXVHñýSHVWLFLGHýDSSOLFDWLRQ
UDWHVôýDUHýQRWýH[SOLFLWO\ýLQFOXGHGýLQý6+('6ð3HVWLFLGHVñýEXW
DUHýLPSOLFLWO\ýLQFOXGHGýWKURXJKýXVHUðVSHFLILHG
FRQFHQWUDWLRQVýIRUýLQGRRUýDLUýDQGýVXUIDFHVï

6+('6ð30ýLQFOXGHVýFRRNLQJýDQGýUHVXVSHQVLRQýDVýRWKHU
LQGRRUýVRXUFHVýRIýSDUWLFOHVï

([WUDSRODWLRQýWR
VWXG\ýSRSXODWLRQ

0HWKRGýRIýDOORFDWLQJ
HVWLPDWHGýH[SRVXUHVýWR
VWXG\ýSRSXODWLRQ

'DLO\ýH[SRVXUHVýDQGýGRVHVýDUHýVLPXODWHGýIRUýLQGLYLGXDOVýLQ
WKHýVSHFLILHGýFRKRUWýE\ýFRPELQLQJýDFWXDOýPDFURðOHYHOýDQG
PLFURðOHYHOýDFWLYLW\ýGDWDýZLWKýUHVLGXHVýRUýFRQFHQWUDWLRQVýLQ
H[SRVXUHýPHGLDýDQGýH[SRVXUHýDQGýGRVHýIDFWRUVïýýëðVWDJH
0RQWHý&DUORýVDPSOLQJýLVýDSSOLHGýWRýVLPXODWHýSRSXODWLRQ
GLVWULEXWLRQVïý
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LIST OF TRIM.EXPO INPUT PARAMETERS

 The input parameters and distribution types reflect the current initial choices that EPA is planning on using in1

developing the initial TRIM.Expo inhalation Prototype and are subject to change.
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APPENDIX C
List of TRIM.Expo Input Parameters

Table C-11

Example Input Parameters for Calculating Inhalation Exposures

Parameter Units Distribution Reference/Source
by Category Type

Building Parameters (for use in mass balance model)

Air exchange rates (ACH), 1/time Lognormal Murray and Burmaster 1995
residences –  windows closed

ACH, residences –  windows 1/time Lognormal Johnson et al. 1998
open

ACH, non-residential, enclosed 1/time
microenvironments, filtered air

ACH, non-residential, enclosed 1/time
microenvironments, unfiltered
air

Efficiency of air cleaning device dimensionless
(F) fraction

Flow rate through air cleaning volume/time
device (q)

Fraction of outdoor pollutant dimensionless
intercepted by enclosure (F ) fractionB

Indoor generation rate (S) mass/time

Indoor building volume (V) volume

Mixing factor (m) dimensionless

Pollutant decay coefficient (F ) 1/timed

Demographic Parameters

Age Census data, Comprehensive Human Activity
Database (CHAD)

Gender Census data, Comprehensive Human Activity
Database (CHAD)
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Environmental Parameters

Temperature degrees National Climatic Data Center

Physiological Parameters (for calculating ventilation rate)

Body mass (BM) kilograms (kg) Brainard and Burmaster 1992, Burmaster
and Crouch 1997

Metabolic equivalence (MET) dimensionless

Oxygen uptake rate (VO ) liters/min Åstrand 1960, Mercier et al. 1991, Katch and2

Park 1975, Heil et al. 1995, Mermier et al.
1993, Rowland et al. 1987

Normalized oxygen uptake rate ml/min/kg Åstrand 1960, Mercier et al. 1991, Katch and
(NVO ) Park 1975, Heil et al. 1995, Mermier et al.2

1993, Rowland et al. 1987

Resting metabolic rate (RMR) kcal/min From Schofield 1985
regression fit
specific to age
and gender

Pollutant Parameters

Ambient pollutant mass/volume Aerometric Information Retrieval System
concentrations (AIRS), dispersion model, TRIM.FaTE

Microenvironmental mass/volume Mass balance model, direct measurement,
concentrations intermedia transfer factors



APPENDIX C
LIST OF TRIM.EXPO INPUT PARAMETERS

 The input parameters and distribution types reflect the current initial choices that EPA is planning on using in2

developing the initial TRIM.Expo ingestion Prototype and are subject to change.
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Table C-22

Example Input Parameters for Calculating Ingestion Exposures

Parameter Units Distribution Reference/Source
by Category Type

Demographic Parameters

Age Census data, Comprehensive Human Activity
Database (CHAD)

Gender Census data, Comprehensive Human Activity
Database (CHAD)

Body mass (BM) kg Brainard and Burmaster 1992, Burmaster and
Crouch 1997

Parameters Specific to Ground Water and Surface Water Intake

Concentration in tap water (C ) mg/Ltw

Concentration in ground water mg/L
or surface water (C )gw/sw

Exposure duration (ED) time

Exposure frequency (EF ) d/month (orz,tw

equivalent)

Rate of intake of tap water (I ) L/kg/d EPA Exposure Factors Handbook 1997b,z,tw

Ershow and Cantor 1989, Canadian Ministry
of Health and Welfare 1981

Parameters Specific to Soil (Outdoors) Intake

Pollutant concentration in mg/kg
surface soil (C )ss

Exposure frequency (EF ) d/month (orz,ss

equivalent)

Annually averaged daily rate of kg/kg/d
intake of soil (I )z,ss

Parameters Specific to Dust (Indoors) Intake

Pollutant concentration in house mg/kg
dust [C (i,t)] (for exposurehd

district, i, during time step t)

Pollutant concentration in mg/kg
surface soil [C (i,t)]ss

Pollutant concentration of air mg/m
particles [C (i,t)]ap

3

Exposure frequency (EF ) d/month (orz,hd

equivalent)

Annually averaged daily rate of kg/kg/d
intake of soil (I )z,ss

Fraction of indoor dust that dimensionless
originates from outdoor soil (f )hds
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Parameters Specific to Home-grown Vegetables, Fruits, and Grains Intake

Pollutant concentration – air mg/m
[C (i,t)]a

3

Pollutant concentration in root mg/kg
zone soil (C )rs

Pollutant concentration in: mg/kg
1) grains [C (i,t)],g

2) exposed fruits and vegetables
[C (i,t)],efv

3) protected fruits and
vegetables [C (i,t)]pfv

Exposure frequency (number of d/month (or
days per month equivalent, that
individual z consumes
homegrown foods in exposure
district in):
1) grains [EF (i,t)],z,g

2) exposed fruits and vegetables
[EF (i,t)],z,efv

3) protected fruits and
vegetables [EF (i,t)]z,pfv

equivalent)

Annually averaged daily rate of kg/kg/d
intake of grains (I )z,g

Annually averaged daily rate of kg/kg/d
intake of exposed fruits and
vegetables (I )z,efg

Annually averaged daily rate of kg/kg/d
intake of protected fruits and
vegetables (I )z,pfg

Parameters Specific to Home-grown Dairy Product Intake

Pollutant concentration in dairy mg/kg
products of exposure district, i at
time step, t [C (i,t)]k

Pollutant concentration in mg/kg
pasture [C (i,t)]p

Pollutant concentration in mg/kg
surface soil [C (i,t)]s

Pollutant concentration in the mg/kg
water [C (i,t)]w

Biotransfer factor from cattle diet d/kg
to dairy products [C (i,t)/In ]k dc

Exposure frequency [EF (i,t)] d/month (orz,k

equivalent)

Annually averaged daily rate of kg/kg/d
intake of dairy products (I )z,k

Ingestion rate of pasture by dairy kg/d
cattle (Ip )dc

Ingestion rate of soil by dairy kg/d
cattle (Is )dc
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Ingestion rate of water by dairy kg/d
cattle (Iw )dc

Parameters Specific to Home-grown Egg Intake

Pollutant concentration of mg/kg
exposure district i, at time step, t
[C (i,t)]e

Pollutant concentration in mg/kg
pasture [C (i,t)]p

Pollutant concentration in mg/kg
surface soil [C (i,t)]s

Pollutant concentration in the mg/kg
water [C (i,t)]w

Biotransfer factor from hen diet d/kg
to eggs [C (i,t)/In ]e hn

Exposure frequency [EF (i,t)] d/month (orz,e

equivalent)

Annually averaged daily rate of kg/kg/d
intake of eggs (I )z,e

Ingestion rate of pasture by kg/d
chickens (Ip )hn

Ingestion rate of soil by chickens kg/d
(Is )hn

Ingestion rate of water by kg/d
chickens (Iw )dc

Parameters Specific to Home-grown Meat and Poultry Intake

Pollutant concentration of mg/kg
exposure district, i at time step, t
[C (i,t)]k

Pollutant concentration in mg/kg
pasture [C (i,t)]p

Pollutant concentration in mg/kg
surface soil [C (i,t)]s

Pollutant concentration in the mg/kg
water [C (i,t)]w

Biotransfer factor from cattle diet d/kg
to meat [C (i,t)/In ]t bc

Exposure frequency [EF (i,t)] d/month (orz,k

equivalent)

Annually averaged daily rate of kg/kg/d
intake of meat (I )z,t

Ingestion rate of pasture by beef kg/d
cattle (Ip )bc

Ingestion rate of soil by beef kg/d
cattle (Is )bc

Ingestion rate of water by beef kg/d
cattle (Iw )bc



APPENDIX C
LIST OF TRIM.EXPO INPUT PARAMETERS

Parameter Units Distribution Reference/Source
by Category Type

 The parameters used to calculate the intake of pollutants for locally-grown vegetables, fruits, and grains are3

the same as those for home-grown with the following replacements.

 The parameters used to calculate the intake of pollutants for locally-grown dairy products are the same as4

those for home-grown with the following replacements.

 The parameters used to calculate the intake of pollutants for locally-grown egg products are the same as those5

for home-grown with the following replacements.
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Parameters Specific to Locally-grown Vegetables, Fruits, and Grains Intake3

Spatially-averaged pollutant mg/m
concentration – air [C (avg,t)]a

3

Spatially-averaged pollutant mg/kg
concentration in:
1) grains [C (avg,t)],g

2) exposed fruits and vegetables
[C (avg,t)],efv

3) protected fruits and
vegetables [C (avg,t)]pfv

Exposure frequency (number of d/month (or
days per month equivalent, that
individual z consumes locally-
produced foods in exposure
district in):
1) grains [EF (i,t)],z,g

2) exposed fruits and vegetables
[EF (i,t)],z,efv

3) protected fruits and
vegetables [EF (i,t)]z,pfv

equivalent)

Parameters Specific to Locally-grown Dairy Product Intake4

Spatially-averaged pollutant mg/kg
concentration – in the pastures
of all suburban and rural
exposure districts where local
dairy products are produced
during the time step, t [C (avg,t)]p

Exposure frequency (number of d/month (or
days per month equivalent, that
individual z consumes locally-
produced dairy products in
exposure district in): [EF (i,t)]z,k

equivalent)

Parameters Specific to Locally-grown Egg Intake5

Spatially-averaged pollutant mg/kg
concentration – in the pastures
of all suburban and rural
exposure districts where local
eggs are produced during the
time step, t [C (avg,t)].p



APPENDIX C
LIST OF TRIM.EXPO INPUT PARAMETERS

Parameter Units Distribution Reference/Source
by Category Type

 The parameters used to calculate the intake of pollutants for locally-grown meat and poultry products are the6

same as those for home-grown with the following replacements.
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Exposure frequency (number of d/month (or
days per month equivalent, that
individual z consumes locally-
produced eggs in exposure
district i): [EF (i,t)]z,e

equivalent)

Parameters Specific to Locally-grown Meat and Poultry Intake6

Spatially-averaged pollutant mg/kg
concentration – in the pastures
of all suburban and rural
exposure districts where local
meat products are produced
during the time step, t [C (avg,t)]p

Exposure frequency (number of d/month (or
days per month equivalent, that
individual z consumes locally-
produced meat products in
exposure district i): [EF (i,t)]z,t

equivalent)

Parameters Specific to Local Fish Intake

Spatially-averaged pollutant mg/L
concentration – in the water of
all exposure districts in the air
shed being considered during
the time step, t [C (avg,t)]f

Biotransfer factor from water to L/kg
fish (BCF)

Exposure frequency (number of d/month (or
days per month equivalent, that
individual z, in exposure district i,
consumes locally caught fish):
[EF (i,t)]z,k

equivalent)

Annually-averaged daily rate of kg/kg/d
intake of fish (I )z,f
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LIST OF TRIM.EXPO INPUT PARAMETERS

Parameter Units Distribution Reference/Source
by Category Type
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Parameters Specific to Recreational Sport Meat (Hunting)

Spatially-averaged pollutant mg/kg
concentration – in the meat of
game animals residing in the air
shed being considered during
the time step, t [C (avg,t)]sm

Time step averaged daily rate of kg/kg/d
intake of sport meat (I )z,sm
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