
+RVWHG�E\�+RVWHG�E\�

,56$�-5&�,�������,56$�-5&�,�������,VSUD��9$��,WDO\���7HO�������������������)D[�����������������(PDLO��,VSUD��9$��,WDO\���7HO�������������������)D[�����������������(PDLO��LXF�YHJHWDWLRQ#MUF�LWLXF�YHJHWDWLRQ#MUF�LW

VEGETATION International Users Committee
Secretariat

7RXORXVH��-DQXDU\��������

9*7�36���������

9(*(7$7,21�3UHSDUDWRU\�3URJUDPPH�

$%675$&76�RI�WKH�,19(67,*$7,216



page 2

&217(176

Validation of a global vegetation model using SPOT VEGETATION data ...................................................... S. PLUMMER .................4
S. Quegan, I. Woodward, E. Mougin, B. Wyatt, J. Eastwood

Characterization of the slash and burn tropical deforestation process............................................................ J. IMBERNON ................5
A. Begue, A.M. Izac

Integration of VEGETATION and HRVIR data into yield estimation approach................................................ A. HUSSON....................6
M. Gay, J.F. Chamayou, G.J.A. Nieuwenhuis, A. Fischer, D. Reboux, R. Delécolle, R. Faivre, M. Guérif

Land cover/land use mapping and monitoring of Russia................................................................................ E. MILANOVA ................7

STEM-VGT : Satellite measurements and terrestrial ecosystem modelling using VEGETATION instrument .. G. DEDIEU.....................8
J.C. Gérard, D. Graetz

VEGETATION/SPOT for Northern Applications ............................................................................................ J.M. CHEN .....................9
J Cihlar, L. Band, R. Desjardins, W. Gao, S. Goward, Z. Li, A. Royer

The Suitability of VEGETATION for Mediterranean Land Degradation and Desertification Monitoring ............ W. MEHL...................... 10
J. Hill, B. Lacaze, S. Sommer

Monitoring seasonal Dynamics of North America Grasslands using VEGETATION ....................................... D.J. MEYER ................. 11
B.C. Reed, J.C. Eidenshink, T. Loveland,L.L. Tieszen, S.R. Schiller, J.W. Merchant, J.E. Lewis

Vegetation dynamics in the southern Amazon basin, Brazil, by SPOT 4 imagery........................................... E. DE MIRANDA........... 12

Method to monitor characteristics of boreal forests using SPOT VEGETATION data ..................................... K. ANDERSSON .......... 13
T Häme, A Sali, M Holm, R. Kalliola, K. Syrjänen

Evaluation of MIR data from SPOT4/VEGETATION for the monitoring of
climatic phenomena impact on vegetation .................................................................................................... I. PONS........................ 14

VEGETATION data in the monitoring of disturbance patches and postdisturbance succession
in natural vegetation in South Africa ............................................................................................................. H. GULINCK................. 15

Determination and validation of Land Surface Biophysical properties
using SPOT 4 VEGETATION and HRVIR..................................................................................................... M. BARNSLEY ............. 16
D. Allison, P. Lewis, J.P. Muller,P.Atkinson, P.J. Curran, J. Bakker, J. Clevers, E. Huising, H. van Leeuwen, P. Boissard, N. Ivanov, A.
Strahler

Development of a synthetic algorithm for vegetation monitoring .................................................................... F. BARET ..................... 17
J.M. Nakache, M. Leroy, M.D. Stevens

Potential of VEGETATION data used in combination with other sensors
for the monitoring of forests at a regional scale. ............................................................................................ JP LAGOUARDE.......... 18
D. Guyon, Y. Brunet, P. Berbigier, Y. Kerr

Utilization of VEGETATION data to extract effective vegetation parameters of heterogeneous surfaces ........ J. QI ............................. 19
Y. Kerr, S Moran, G. Chehbouni

Land cover changes in Africa : Multitemporal change vector analysis at coarse scale
and change processes categorisation with high spatial resolution data .......................................................... E. LAMBIN ................... 20
J Wilmet

Estimation of surface variables at the subpixel level for use as input
to climate and hydrology models................................................................................................................... JP FORTIN................... 21
M. Bernier

Improved Atmospheric Corrections and Data Compositing for Surface Reflectance Retrieval ........................ M. LEROY .................... 22
G Dedieu, J.L. Roujean

Research on extracting of BRDF information of ground target from simulated VEGETATION data
and validation of BRDF models .................................................................................................................... X. LI ............................ 24
Qijiang Zhu, Chongguang Zhu



page 3

Development of Correction Strategies for Spectral Time Profiling of Boreal Forest Reflectance ..................... P. SYREN .................... 25
G. Alm

Development of spectral indices optimized for the VEGETATION instrument ................................................ M. VERSTRAETE......... 26
B Pinty

VEGETATION instrument and MODIS : a joint research and development project on terrestrial monitoring ... E. VERMOTE ............... 27
J.C. Roger, C.J. Tucker, C.O. Justice

Sensitivity analysis of compositing strategies : modeling and experimental investigations.............................. P. DEFOURNY............. 28
F. Veroustraete

Mapping and dynamic modelling of temporal and bio-physical phenomena of the sahelian wetlands
environment using VEGETATION data ......................................................................................................... R. De WULF................  29

 VEGETATION data for monitoring woody vegetation in European landscape frameworks ............................ H. GULINCK................. 30
Pol Coppin, Martin Hermy

 Disturbed ecosystems dynamics in the Aral sea region by remote sensing and GIS methods ....................... R.RESSL...................... 31

 Monitoring Boreal Forest Resources in Northern Europe .............................................................................. B. PINTY ...................... 32
Dr H Johnsen & O Engelsen, Dr M Verstraete & Y Govaerts

 SPATEM: Spatial-temporal integration of satellite data: an image segmentation approach for the
improvement of environmental monitoring and modeling with the VEGETATION instrument ........................ A. LOBO....................... 33

 Applications of VEGETATION data to resources management in Arid and semi-arid rangelands .................. A. BEGUE .................... 34
Dr J. Qi & P Heilman, Dr B IMAM, Dr G Chehbouni, Dr R Escadafal, Dr B Mougenot, Dr A Royer & B Djaby , Dr C Watts & H Abias

 Antarctic snow characteristics from POLDER and VEGETATION data ......................................................... M. FILY ........................ 35
Dr B Schmitt & C Genthon

 A comparative and synergistics study of ATSR2's and the VEGETATION System's response
to changes in VEGETATION cover ............................................................................................................... D.LLEWELLYN-JONES 36
Pr A Millington, Dr J Wellens, F Gemmel, G. Mackay, Dr C Mutlow



page 4
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(�0RXJLQ��&(65�7RXORXVH��

%�:\DWW��-�(DVWZRRG��,7(�0RQNV�:RRG�

$�PHFKDQLVWLF� SODQW� HFRSK\VLRORJLFDO� PRGHO� NQRZQ� DV� '2/<� �'\QDPLFDO� *OREDO� 3K\WRJHRJUDSK\

0RGHO�� KDV� EHHQ� GHYHORSHG� E\� 3URIHVVRU� )�,�:RRGZDUG� DW� WKH� 'HSDUWPHQW� RI� $QLPDO� DQG� 3ODQW

6FLHQFHV��8QLYHUVLW\�RI�6KHIILHOG�DQG�WKH�6KHIILHOG�&HQWUH�IRU�(DUWK�2EVHUYDWLRQ�6FLHQFH��7KLV�JOREDO

VFDOH�PRGHO�RQO\�UHTXLUHV�GDWD�RQ�FOLPDWH�DQG�VRLOV�DV�LQSXW��DQG�LV�SULPDULO\�LQWHQGHG�WR�GHDO�ZLWK

SUHGLFWLRQV�RI�YHJHWDWLRQ�UHVSRQVH��WR�FKDQJHV�LQ�FOLPDWH�DQG�&2
�
��LQ�WHUPV�RI�OHDI�DUHD�LQGH[��QHW

SULPDU\� SURGXFWLYLW\� DQG� HYDSRWUDQVSLUDWLRQ�� 6XFK� D� PRGHO� LV� FULWLFDO� IRU� LQFOXVLRQ� LQ� *&0V� WR

JUHDWO\� LPSURYH� WKH� WUHDWPHQW� RI� FOLPDWLF� LQWHUDFWLRQV�� 7KHUH� DUH� WZR�PDMRU� FRQWULEXWLRQV� WR� WKH

PRGHO� WKDW� FDQ� EH� SURYLGHG� E\� UHPRWHO\� VHQVHG� GDWD�� WKH� ILUVW� LV� D� PHWKRG� IRU� GHWHUPLQLQJ� WKH

RSSRUWXQLW\� IRU� FKDQJH� LQ� YHJHWDWLRQ� W\SH� LQ� UHVSRQVH� WR� FOLPDWH�E\�PHDVXUHPHQW�RI�GLVWXUEDQFH

DPRXQW�DQG�GLVWULEXWLRQ��7KH�VHFRQG� LV� D�PHWKRG� RI� YDOLGDWLQJ� WKH�PRGHO� DW� D� JOREDO� VFDOH�� ,W� LV

SODQQHG� WR� DFKLHYH� WKLV� WHVWLQJ� E\� FRPSDULQJ� VLPXODWHG� GDWD� IURP� FDQRS\� UHIOHFWDQFH� PRGHOV�

FRQVWUDLQHG�E\�'2/<��ZLWK�VLPXODWHG�6327�+59,5�DQG�9(*(7$7,21�GDWD��,Q�WKLV�ZD\�LW�LV�DLPHG

WR�GHYLVH�D�PHFKDQLVWLF�SUHGLFWLRQ�RI�WKH�UDGLDWLYH�IOX[HV�VHHQ�E\�VDWHOOLWHV�

&RPSRQHQW����'HWHUPLQLQJ�YHJHWDWLRQ�GLVWXUEDQFH�UDWHV�IURP�VDWHOOLWH�GDWD

7KH�FKDQJH� LQ�YHJHWDWLRQ�SUHGLFWHG�E\�'2/<�ZLOO� EH�PRGXODWHG�E\� WKH�RSSRUWXQLW\� IRU� YHJHWDWLRQ

GLVSHUVDO��7KLV�LV�ODUJHO\�FRQWUROOHG�E\�SHUWXUEDWLRQ�IURP�YDULRXV�FDXVHV�UHVXOWLQJ�LQ�WKH�FUHDWLRQ�RI

VSDFH� IRU� VXFFHVVLRQ�� :LWKLQ� D� VLQJOH� ELRPH� WKH� DPRXQW� DQG� IUHTXHQF\� RI� GLVWXUEDQFH� DQG� LWV

VSDWLDO� H[WHQW� DQG� VFDOH� ZLOO� YDU\�� 7KH� LQWHQWLRQ� RI� WKLV� SURSRVDO� LV� WR� XVH� VLPXODWHG

6327�9(*(7$7,21� GDWD� JHQHUDWHG� IURP� /DQGVDW� 70� GDWD�� DFTXLUHG� DV� SDUW� RI� WKH� %25HDO

(FRV\VWHP�$WPRVSKHUH�6WXG\� �%25($6��RI� WKH�ERUHDO� IRUHVW�� WR� WHVW�PHWKRGV� IRU� GHWHUPLQLQJ� IRU

WKLV�FUXFLDO�ELRPH�WKH�DPRXQW��WHPSRUDO�YDULDWLRQ�DQG�VSDWLDO�GLVWULEXWLRQ�RI�JDSV��7KHVH�GDWD�ZLOO

EH� XVHG� WR� GHWHUPLQH� WKH� WUDQVLWLRQ� SUREDELOLWLHV� XVHG� LQ� '2/<�� $UHDV� RI� GLVWXUEDQFH� ZLOO� EH

GHWHFWHG�E\�VHSDUDWLQJ�IRUHVW�IURP�QRQ�IRUHVW�ZLWKLQ�DQ�LGHQWLILHG�IRUHVW�UHJLRQ�XVLQJ��FODVVLILFDWLRQ�

LPDJH� VHJPHQWDWLRQ� DQG� H[DPLQDWLRQ� RI� VFDWWHURPHWU\� GDWD� WR� SURYLGH� 0DUNRY� WUDQVLWLRQ

SUREDELOLWLHV�IRU�D�FKDQJH�IURP�IRUHVW�WR�IRUHVW�JDSV�

&RPSRQHQW����9DOLGDWLRQ�RI�'2/<

7KH�YDOLGDWLRQ�RI�WKH�'2/<�PRGHO�KDV�EHHQ�DWWHPSWHG�XVLQJ�VSDUVH�VDPSOH�UHFRUGV�RI�/$,�DQG�133

�:RRGZDUG�HW�DO��������DQG�E\�FRPSDULVRQ�ZLWK�133�HVWLPDWHG�IURP�12$$�$9+55�GDWD��:RRGZDUG

SHUV��FRPP����%RWK�PHWKRGV�KDYH�WKHLU�OLPLWDWLRQV�KHQFH�LW�LV�WKH�LQWHQWLRQ�RI�WKH�FRQVRUWLXP�WR�XVH

WKH�'2/<� SUHGLFWLRQV� RI� /$,�� FKORURSK\OO� FRQFHQWUDWLRQ� DQG� ZDWHU� FRQWHQW� LQ� SK\VLFDO� VFDWWHULQJ

PRGHOV�WR�SUHGLFW�VXUIDFH�UHIOHFWDQFH��7KHVH�GDWD�ZLOO�EH�FRPSDUHG�WR�WKH�VLPXODWHG�DQG�XOWLPDWHO\

WKH� ILUVW� GDWD� IURP� WKH� 6327�9(*(7$7,21� DQG� 6327�+59,5�� $� VHQVLWLYLW\� DQDO\VLV� ZLOO� DOVR� EH

XQGHUWDNHQ�ZKHUH�YDULDEOHV�IURP�'2/<�DQG�DGGLWLRQDO�YDULDEOHV�UHTXLUHG�E\�WKH�UHIOHFWDQFH�PRGHOV

ZLOO�EH�DOORZHG�WR�YDU\� WR�PLQLPLVH�D�VLPSOH�PHULW� IXQFWLRQ��7KH� LQYHVWLJDWLRQ�ZLOO�FRQFHQWUDWH�RQ

WKUHH� VSHFLILF� VLWHV� ZKLFK� DUH� ERWK� FULWLFDO� WR� '2/<� DQG� DOVR� KDYH� GDWD� IURP� ZKLFK� WR� VLPXODWH

+59,5� DQG� 9(*(7$7,21�� 7KHVH� VLWHV� FRPSULVH�� WKH� ERUHDO� IRUHVW� �%25($6��� 1RUWK� $PHULFDQ

JUDVVODQGV��),)(��DQG�WKH�$IULFDQ�VDYDQQDK��+$3(;�6DKHO���,Q�DGGLWLRQ�ZRUN�ZLOO�EH�FDUULHG�RXW�RQ

WKH�XVH�RI�(56���VFDWWHURPHWHU�DQG�$765���GDWD� IRU�YDOLGDWLQJ�'2/<��7KH�VLPXODWHG�RSWLFDO�GDWD

ZLOO�DOVR�EH�XVHIXO�DV�D�FRPSDULVRQ�EHWZHHQ�6327�9(*(7$7,21�DQG�$765���
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6FDOLQJ� DQG� LQWHJUDWLRQ� RI� KLJK� IUHTXHQF\� DQG� KLJK� UHVROXWLRQ� GDWD� �

FKDUDFWHUL]DWLRQ�RI�WKH�VODVK�DQG�EXUQ�WURSLFDO�GHIRUHVWDWLRQ�SURFHVV

3ULQFLSDO�,QYHVWLJDWRU� -��,0%(5121��&,5$'�,&5$)�1DLUREL�.HQ\D�

&R�LQYHVWLJDWRUV� $��%HJXH��&,5$'�0RQWSHOOLHU�)UDQFH��

$0�,]DF�,&5$)��1DLUREL�

6KLIWLQJ� FXOWLYDWLRQ� DFFRXQWV� IRU� DERXW� WZR� WKLUGV� RI� WKH� WURSLFDO� GHIRUHVWDWLRQ�� 7R� FRQGXFW� D

UHVHDUFK� DQG� GHYHORSPHQW� VWUDWHJ\� WKDW� SURYLGHV� YLDEOH� DOWHUQDWLYHV� WR� VKLIWLQJ� FXOWLYDWLRQ� RQ� D

ZRUOGZLGH�EDVLV��WKH���$OWHUQDWLYHV�WR�VODVK�DQG�EXUQ��� LQWHUQDWLRQDO�SURMHFW�KDV�EHHQ� LQLWLDWHG�� ,Q

RUGHU� WR� LGHQWLI\�� DQDO\]H� DQG� TXDQWLI\� WKH� GHIRUHVWDWLRQ� SURFHVVHV� DW� GLIIHUHQW� VSDWLDO� VFDOHV�

VDWHOOLWH� GDWD� ZLOO� EH� XWLOL]HG� RYHU� WKUHH� GLVWLQFW� UHJLRQV� RI� KLJKO\� GHJUDGHG� UDLQIRUHVW� �%UDVLO�

,QGRQHVLD��&DPHURRQ���,VVXHV�JLYHQ�SDUWLFXODU�DWWHQWLRQ�ZLOO�EH� WKH�WLPH�HYROXWLRQ�DQG�WKH�VSDWLDO

VFDOLQJ� RI� ODQG� XVH� SDWWHUQV� LQ� WKH� VODVK�DQG�EXUQ� DUHDV�� 7KH� 9(*(7$7,21�+59,5� V\VWHP

VSHFLILFDWLRQV�IXOO\�FRUUHVSRQG�WR�DQVZHU�WKHVH�LVVXHV��)RU�WKLV�

��� LPDJH�SURFHVVLQJ�WHFKQLTXHV�VXFK�DV�FODVVLILFDWLRQ�DQG�XVH�RI�VSDWLDO�RSHUDWRUV�

��� VLJQDO� LQWHUSUHWDWLRQ� OLNH�GHFRQYROXWLRQ�RI� WKH� ORZ� UHVROXWLRQ�VLJQDO� DQG� WHPSRUDO� VLJQDWXUH� RI

WKH�ODQGVFDSH�XQLWV�

ZLOO�EH�GHYHORSHG�LQ�WKH�SDUWLFXODU�FRQWH[W�RI� WURSLFDO� IRUHVWV�� ,QYHVWLJDWRUV�DW� ,&5$)� �1DLUREL��ZLOO

GHDO�PDLQO\�ZLWK�JURXQG�WUXWK�DQG�ORZ�UHVROXWLRQ�GDWD�SURFHVVLQJ��ZKLOH�WKH�LQYHVWLJDWRU�DW�&,5$'

�0RQWSHOOLHU��ZLOO�IRFXV�RQ�WKH�VLJQDO�LQWHUSUHWDWLRQ�

'XULQJ�WKH�SUH�ODXQFK�SKDVH��6327�+59��/$1'6$7�70�DQG�12$$�$9+55�GDWD�ZLOO�EH�XWLOL]HG�DV

VLPXODWLRQV�RI�WKH�9(*(7$7,21�+59,5�V\VWHP��$IWHU�WKH�ODXQFK��WKHVH�PHWKRGRORJLF�GHYHORSPHQWV

ZLOO�EH�WHVWHG�RQ�DFWXDO�9(*(7$7,21�GDWD�DQG�WUDQVIRUPHG�LQ�URXWLQH�SURFHGXUHV�
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,QWHJUDWLRQ�RI�9(*(7$7,21�DQG�+59,5�GDWD�LQWR�\LHOG�HVWLPDWLRQ�DSSURDFK

3ULQFLSDO�,QYHVWLJDWRU� $��+86621��6&27�&RQVHLO�7RXORXVH�)UDQFH�

&R�LQYHVWLJDWRUV� 0�*D\��(6$3�7RXORXVH��

-)�&KDPD\RX�8QLY�3�6DEDWLHU�7RXORXVH��

*�-$�1LHXZHQKXLV�6&�'/2�:DJHQLQJHQ��

$�)LVFKHU�/(576�&(6%,2�7RXORXVH��

'�5HERX[��627(0$�7RXORXVH��

5�'HOpFROOH��,15$�$YLJQRQ��

5�)DLYUH��,15$�7RXORXVH��

0�*XpULI��,15$�/DRQ�

7KH�LPSOHPHQWDWLRQ�RI�WKH�&RPPRQ�$JULFXOWXUDO�3ROLF\�DW�WKH�(XURSHDQ�&RPPXQLW\�OHYHO��RU�HYHQ

LWV� H[WHQVLRQ� WR� RWKHU� FRXQWULHV�� FOHDUO\� LQYROYHV� WKDW� GHFLVLRQ�PDNHUV� PXVW� KDYH� UHOLDEOH

LQIRUPDWLRQ�RQ�FURS�HYROXWLRQ�DW�WKHLU�GLVSRVDO��7R�PHHW�WKHVH�QHHGV��WKH�WHFKQLTXHV�FXUUHQWO\�XVHG

DUH� EDVHG� RQ� VWDWLVWLFDO� DSSURDFK� RU� DJURPHWHRURORJLFDO� PRGHOV� XVLQJ� RQO\� IHZ� UHPRWHO\� VHQVHG

LQIRUPDWLRQ��%XW� WKHLU� LPSOHPHQWDWLRQ�UHPDLQV�RIWHQ�FRPSOH[� �KLJK�QXPEHU�RI�SDUDPHWHUV�DQG�RI

JURXQG� VXUYH\V��� 0RUHRYHU� WKH� SUHFRFLW\�� KRPRJHQHLW\� DQG� UHOLDELOLW\� RI� UHVXOWV� DUH� QRW� DOZD\V

FRPSDWLEOH�ZLWK�WKHLU�XWLOLVDWLRQ�IRU�PDUNHW�PDQDJHPHQW�DQG�VHWWLQJ�XS�RI�WKH�DJULFXOWXUDO�SROLF\�

0DQ\�UHVHDUFK�ZRUNV�KDYH�EHHQ�FDUULHG�RXW� LQ� WKHVH� ODVW� \HDUV� WR� LQYHVWLJDWH� WKH� FRQWULEXWLRQ�RI

UHPRWH� VHQVLQJ� GDWD� LQ� WKHVH� ILHOGV�� DQG� LQ� SDUWLFXODU� WKH� SRVVLELOLWLHV� RI� LQWHJUDWLQJ� LQIRUPDWLRQ

GHULYHG� IURP� UDGLRPHWULF� PHDVXUHPHQWV� LQWR� DJURPHWHRURORJLFDO� PRGHOV�� 7KURXJK� WKH� QH[W

DYDLODELOLW\�RI�9(*(7$7,21�GDWD�DQG�WKHLU�UHODWHG�FKDUDFWHULVWLFV��WKH�SRVVLELOLW\�RI�RSHUDWLQJ�WKHVH

PRGHOV�QRW�RQO\�DW�SDUFHO�VFDOH�EXW�DOVR�DW�ORFDO�RU�UHJLRQDO�VFDOHV�LV�WR�EH�HQYLVDJHG���DV�ZHOO�DV�WKH

XVH�RI�VX�FK�GDWD�IRU�RSHUDWLRQDO�DSSURDFKHV�RI�FURS�\LHOG�SUHGLFWLRQV��0$56�67$7�SURMHFW��

)RU�WKLV�LQYHVWLJDWLRQ�RQ�WKH�FRQWULEXWLRQ�RI�9(*(7$7,21�GDWD��WZR�FURSV��ZKHDW�DQG�FRUQ��ZLOO�EH

VWXGLHG�� 7KHVH� WZR� FURSV� RI� LQWHUHVW� DUH� HFRQRPLFDOO\� LPSRUWDQW� DQG� KDYH� GLIIHUHQW� DJURQRPLF

JURZWK�IHDWXUHV��)RU�WKDW�SXUSRVH��WZR�VLWHV�KDYH�EHHQ�VHOHFWHG��&KDUWUHV�ZKHUH�ZKHDW�LV�WKH�PDLQ

FURS�DQG�2UWKH]�ZKLFK�KDV�D�KLJK�SHUFHQWDJH�RI�FRUQ��0RUHRYHU�WKH�DQDO\VLV�RI�WKHVH�WZR�VLWHV�LV�RI

PDMRU�LQWHUHVW�GXH�WR�WKHLU�FOLPDWLF�DQG�DJURQRPLF�VSHFLILFLWLHV�

6HYHUDO� DVSHFWV� UHODWHG� WR� WKH� XVH� RI� 9(*(7$7,21� GDWD� ZLOO� EH� LQYHVWLJDWHG� ZLWKLQ� WKLV� SURMHFW�

)LUVW��WKH�PRQLWRULQJ�RI�YHJHWDWLRQ�EHKDYLRXU�WKURXJK�9(*(7$7,21�GDWD�ZLOO�EH�DQDO\VHG�LQ�RUGHU

WR�REWDLQ�LQIRUPDWLRQ�WR�EH�LQWHJUDWHG�LQWR�FURS�PRGHO��DQG�WKHQ�HQDEOLQJ�FURS�\LHOG�SUHGLFWLRQ�WR�EH

LPSURYHG�DW�ORFDO�VFDOH��VXFK�DV�WKH����)UHQFK�VLWHV�RI�0$56�SURMHFW���$�SUHOLPLQDU\�ZRUN�ZLOO�GHDO

ZLWK�WKH�SRVVLELOLW\�RI�UHWULHYLQJ�LQGLYLGXDO�VSHFWUDO�UHVSRQVH�RI�HDFK�PDLQ�FURS�RQ�WKH�VWXGLHV�VLWH

IURP�9(*(7$7,21�VLJQDO�XQPL[LQJ��6HFRQG�� WKH�SRVVLELOLW\� RI�PRQLWRULQJ� FURS�JURZWK�FRQGLWLRQV

DQG� ELRSK\VLFDO� SDUDPHWHUV� IURP� 9(*(7$7,21� GDWD� ZLOO� EH� LQYHVWLJDWHG� WR� H[WUDSRODWH� WKH

DVVHVVPHQWV�PDGH�SUHYLRXVO\�DW�,24,�VFDOH�DQG�WKHQ�FDUU\�RXW�SUHGLFWLRQV�DW�QDWLRQDO�VFDOH�

$GMXVWPHQWV�DQG�LPSURYHPHQW�RI�WHFKQLTXHV�DQG�WRROV�ZLOO�EH�DQDO\VHG�WR�WDNH�DGYDQWDJH�RI�XVLQJ

ERWK� 9(*(7$7,21� DQG� +59,5� GDWD�� 7KH� GHYHORSPHQW� RI� WKHVH� PHWKRGRORJLHV� LQYROYHV� WKH

SHUIRUPDQFH�DQG�VHQVLWLYLW\�DQDO\VLV�RI�WKH�GLIIHUHQW�DSSURDFKHV�HQYLVDJHG�ERWK�DW�WKH�ORFDO��0$56

VLWHV��DQG�FRXQWU\�OHYHOV�
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,Q�RUGHU�WR�XQGHUVWDQG�HQYLURQPHQWDO�SUREOHPV�DQG�WKHLU�VROXWLRQV�VFLHQWLVWV�DQG�GHFLVLRQ�PDNHUV

PXVW�REWDLQ�SUHFLVH�DQG�FUHGLEOH�GDWD�RQ�WKH�EDFNJURXQG�RI�YHJHWDWLRQ��VRLOV�DQG�ODQG�XVH��'HWDLOHG

LQIRUPDWLRQ�RQ�WKH�SUHVHQW�VWDWXV�DQG�WUHQGV�RI�HYROXWLRQ�RI�QDWXUDO�DQG�DQWKURSRJHQLF�ODQGVFDSHV

LV� QHFHVVDU\� IRU� VXVWDLQDEOH� ODQG� XVH�� UDWLRQDO� PDQDJHPHQW� RI� QDWXUDO� UHVRXUFHV�� DQG� QDWXUH

FRQVHUYDWLRQ�

5XVVLD�KDV�ORQJ�DQG�HPLQHQW�WUDGLWLRQV�LQ�VWXG\�RI�WKH�HQYLURQPHQWDO�VFLHQFH�DQG�ODQG�XVH�FRYHU

PDSSLQJ��ZLWK�ZLGH�XVH�RI�UHPRWH�VHQVLQJ�GDWD��VSDFH�LPDJHU\� IURP�0HWHRU�3ULURGD��&RVPRV��DQG

RWKHU�PHWHRURORJLFDO�DQG�UHVRXUFH�VDWHOOLWHV��6DO\XW�DQG�0LU�VWDWLRQV��DQG�DLUERUQH�GDWD���+RZHYHU�

QR�PXOWLVFDOH�V\QWKHWLF�UHVHDUFK�\HW�KDV�EHHQ�XQGHUWDNHQ�WR�VXPPDULVH�DYDLODEOH�GDWD�LQ�RUGHU�WR

VWXG\�ODQG�FRYHU�G\QDPLFV��DQG�QDWXUDO�DQG�DQWKURSRJHQLF�PHFKDQLVPV��ZKLFK�DUH�UHVSRQVLEOH�IRU

HQYLURQPHQWDO�FKDQJH��7KHUH�LV�XUJHQW�QHHG�RI�DVVHVVPHQW�DQG�PRGHOOLQJ�RI�KLVWRULFDO�DQG�DFWXDO

WUHQGV�RI�KXPDQ�LPSDFW�RQ�ODQGVFDSHV�DOO�RYHU�5XVVLD�

&ROOHFWLRQ�� JHQHUDOLVDWLRQ� DQG� DQDO\VHV� RI� DOO� FXUUHQWO\� H[LVWLQJ� GDWD� �ORFDO� DQG� UHJLRQDO� PDSV�

VDWHOOLWH�LPDJHU\��GHWDLOHG�JURXQG�WUXWKLQJ�ILHOG�REVHUYDWLRQV�LQ�NH\�DUHDV��ZLOO�DOORZ�SUHSDUDWLRQ�RI

EDVLF�GLJLWLVHG�PDS�RI�ODQG�FRYHU�DQG�ODQG�XVH�VWUXFWXUH�RI�5XVVLD��VWDWXV�RI�PLG�����V���DV�ZHOO�DV

D� VHW� RI� PLGGOH�VFDOH� DQG� ORFDO�VFDOH� WKHPDWLF� PDSV� �ELRGLYHUVLW\�� VWDQGLQJ� ELRPDVV�� VSHFLHV

FRPSRVLWLRQ��FDUERQ�VWRUDJH��ODQG�GHJUDGDWLRQ��WUHQGV�RI�YHJHWDWLRQ�DQG�ODQG�XVH�FKDQJHV��

$PRQJ�NH\� IHDWXUHV�DQG�DGYDQWDJHV�RI�9(*(7$7,21� V\VWHP��ZKLFK� DUH� LPSRUWDQW� IRU� VXFFHVVIXO

PXOWLVFDOH� UHVHDUFK� LV� VLPXOWDQHLW\� EHWZHHQ� KLJK� VSDWLDO� UHVROXWLRQ� �+59,5�� DQG� ORZ� VSDWLDO

UHVROXWLRQ� EXW� KLJK� IUHTXHQF\� DFTXLVLWLRQ� RI� 9(*(7$7,21�� 7KLV� FRQGLWLRQ� ZLOO� DOORZ� PXOWLVFDOH

VWXGLHV� DQG� SURYLGH� RSWLPXP� FRPELQDWLRQ� RI� ORFDO� REVHUYDWLRQV� RI� NH\� DUHDV� �FRPSOHPHQWHG� E\

LQILHOG� UHVHDUFK��ZLWK� UHJLRQDO�PDSSLQJ� DQG�PRQLWRULQJ� RI� ODQG� FRYHU� RYHU� WKH� ZKROH� RI� 5XVVLD
V

WHUULWRU\�

$SSOLFDWLRQ� RI� 9(*(7$7,21� GDWD� WR� ODQG� FRYHU� VWXG\� RI� 5XVVLD� FRXOG� FRPSOHWH� DQG� XSGDWH

FXUUHQWO\� DYDLODEOH� PDWHULDOV�� 7KH� UHVXOWV� RI� SURSRVHG� SURJUDPPH� RI� UHVHDUFK� ZLOO� KDYH� GLUHFW

UHOHYDQFH�WR�ODQG�PDQDJHPHQW�DQG�QDWXUH�FRQVHUYDWLRQ��DQG�KHOS�WR�HODERUDWH�UHFRPPHQGDWLRQV�RQ

UDWLRQDO�ODQG�XVH�VWUDWHJ\�LQ�5XVVLD��0DSSLQJ��PRQLWRULQJ�DQG�PRGHOOLQJ�RI�YHJHWDWLRQ�DQG�ODQG�XVH

RI� VXFK� D� YDVW� ODQG� DUHD� FRXOG� DOVR� FRQWULEXWH� WR� LQWHUQDWLRQDO� SURJUDPPHV� RQ� JOREDO� DQG

PDFURUHJLRQDO�HQYLURQPHQWDO�FKDQJH��H�J���/DQG�8VH��&RYHU�&KDQJH��FRUH�SURMHFW�RI�,*%3�+'3�DQG

�*OREDO�&KDQJH�DQG�7HUUHVWULDO�(FRV\VWHPV��FRUH�SURMHFW�RI� ,*%3��DQG�SURPRWH�H[FKDQJH�RI� LGHDV

DQG�PHWKRGV�EHWZHHQ�ZHVWHUQ�DQG�5XVVLDQ�HQYLURQPHQWDO�DQG�UHPRWH�VHQVLQJ�VFLHQWLVWV�
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67(0�9*7���6DWHOOLWH�PHDVXUHPHQWV�DQG�WHUUHVWULDO�HFRV\VWHP�PRGHOOLQJ�XVLQJ

9(*(7$7,21�LQVWUXPHQW

3ULQFLSDO�,QYHVWLJDWRU� *��'(',(8��/(576��&(6%,2�7RXORXVH�)UDQFH�

&R�LQYHVWLJDWRUV� -&�*pUDUG��/3$3���,$/�/LqJH��

'��*UDHW]��*RQGZDQD�/DE��&6,52��&DQEHUUD��$XVWUDOLD�

2XU�JHQHUDO�REMHFWLYH� LV� WR�GHYHORS�SURFHVV�PRGHOV�RI� YHJHWDWLRQ� IXQFWLRQLQJ� WKDW� FDQ�EH�XVHG�DW

UHJLRQDO�DQG�JOREDO�VFDOH�IRU�SUHGLFWLQJ�FDUERQ�DQG�ZDWHU�H[FKDQJHV�EHWZHHQ�ODQG�VXUIDFH�DQG�WKH

DWPRVSKHUH�� 9HJHWDWLRQ� IXQFWLRQLQJ� UHIHUV� WR� WKH� WHPSRUDO� GHYHORSPHQW� RI� YHJHWDWLRQ� VXFK� DV

FDUERQ� XSWDNH�� SKHQRORJ\�� FDUERQ� SRROV�� ELRPDVV� DQG� LWV� DOORFDWLRQ� ZLWKLQ� WKH� YDULRXV� SODQW

FRPSRQHQWV��,Q�D�ILUVW�VWHS��ZH�ZLOO�IRFXV�RQ�WKH�DVVHVVPHQW�RI� IOX[HV�DW� WKH�VHDVRQDO� WLPH�VFDOH�

7KH�VSHFLILF�REMHFWLYH�RI�WKLV�VXE�SURMHFW�LV�WR�GHYHORS�DQG�YDOLGDWH�9(*(7$7,21�EDVHG�PHWKRGV�IRU

FDOLEUDWLQJ�VXFK�YHJHWDWLRQ�SURFHVV�PRGHOV�

:H�SODQ�WR�DGGUHVV�WKH�IROORZLQJ�WRSLFV��

• GHYHORSPHQW�� DVVHVVPHQW�� LPSURYHPHQW� RI� DVVLPLODWLRQ� WHFKQLTXHV� RI� 6327��� +59,5� DQG

9(*(7$7,21�PHDVXUHPHQWV��DFWXDO�RU�VLPXODWHG��LQFOXGLQJ�6:,5�EDQG��LQ�YHJHWDWLRQ�PRGHOV�

• PRVW�RI�YHJHWDWLRQ�SURFHVVHV�VWURQJO\�GHSHQG�RQ�ZDWHU�DYDLODELOLW\��:H�SODQ�WR�FRXSOH�YHJHWDWLRQ

SURFHVV�PRGHOV�ZLWK�D�69$7�PRGHO�LQ�RUGHU��

− WR�LPSURYH�VRLO�PRLVWXUH�HVWLPDWHV

− WR� VXSSOHPHQW� VDWHOOLWH� PHDVXUHPHQWV� LQ� WKH� RSWLFDO� GRPDLQ� �+59,5�� 9(*(7$7,21�� E\

WKHUPDO� LQIUDUHG� GDWD� WR� DGG� PRUH� FRQVWUDLQWV� RQ� WKH� PRGHOV� WKURXJK� PXOWLVSHFWUDO

DVVLPLODWLRQ

• LQYHVWLJDWLRQ� RI� WKH� XVH� RI� FRPELQHG� KLJK� DQG� ORZ� VSDFH� UHVROXWLRQ� WR� DFFRXQW� IRU� VXE�JULG

VXUIDFH��YHJHWDWLRQ��VRLO��KHWHURJHQHLW\

• DVVHVVPHQW� DQG� LPSURYHPHQW� RI� �HFRORJLFDO� UXOHV��� FRPELQHG� ZLWK� DVVLPLODWLRQ� WHFKQLTXHV� WR

IXUWKHU� FRQVWUDLQW� WKH� V\VWHP� RU� SURYLGH� SDUDPHWHUV� ZKLFK� FDQQRW� EH� GHULYHG� IURP� VDWHOOLWH

PHDVXUHPHQWV�

7KHUHIRUH��WKH�SUHODXQFK�SKDVH�ZLOO�EH�GHYRWHG�WR�LQYHVWLJDWLQJ�DW�WKUHH�GLIIHUHQWV�VFDOHV�WKHVH�IRXU

WRSLFV���

− 7HVW�VLWHV���PHWKRG�GHYHORSHPHQW�DQG�LQYHVWLJDWLRQ�RI�VXE�JULG�SURFHVVHV�ZLOO�EH�DQDO\VHG�XVLQJ

VDWHOOLWH�DQG�LQ�VLWX�GDWD�RYHU�WKUHH�WHVW�VLWHV���WKH�+DSH[�6DKHO�VLWH��1LJHU���WKH�0XUUD\�'DUOLQJ

'UDLQDJH�%DVLQ�LQ�$XVWUDOLD��WKH�6DQ�3HGUR�%DVLQ��RYHU�0H[LFR�DQG�WKH�86$��ZKHUH�WKH�6$/6$�

0(;�H[SHULPHQW�VKRXOG�WDNH�SODFH�

− &RQWLQHQWDO�VFDOH���VSDWLDO�H[WUDSRODWLRQ�RI�WKH�PHWKRGV�DQG�PRGHOV�GHYHORSHG�RYHU�WKH�WKUHH�WHVW

VLWHV�ZLOO�EH�FDUULHG�RXW�RYHU�WKH�ZKROH�$XVWUDOLDQ�FRQWLQHQW�

− *OREDO�VFDOH���JOREDO�UXQV�IRU�133�HVWLPDWH�ZLOO�WR�LQWHJUDWH�WKH�LPSURYHG�PHWKRGV�GHYHORSHG�RYHU

WKH�WKUHH�WHVW�VLWHV�DQG�$XVWUDOLD�

9(*(7$7,21� GDWD� ZLOO� EH� VLPXODWHG� E\� XVLQJ� 12$$�$9+55�� (56���$765��� $'(26�2&76

PHDVXUHPHQWV�� 7KH� SRVW� ODXQFK� SKDVH� ZLOO� WHVW� WKH� PHWKRGV� GHYHORSHG� GXULQJ� WKH� SUH�ODXQFK

SKDVH� ZLWK� DFWXDO� +59,5� DQG� 9(*(7$7,21� GDWD�� 7KH� DERYH� PHQWLRQQHG� WHVW� VLWHV�� DV� ZHOO� DV

UHJLRQDO� DQG� JOREDO� VWXGLHV�� ZLOO� EH� XVHG� DQG� VXSSOHPHQWHG� E\� RWKHUV� 6$/7� VLWHV� ORFDWHG� RQ� D

VRXWK�QRUWK�WUDQVHFW�
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9(*(7$7,21�6327�IRU�1RUWKHUQ�$SSOLFDWLRQV

3ULQFLSDO�,QYHVWLJDWRU� �-��&+(1��&&56�2WWDZD�&DQDGD�

&R�LQYHVWLJDWRUV� -��&LKODU��&&56�2WWDZD��

/��%DQG��'HS��*HRJUDSK\�8QLY��7RURQWR��

5��'HVMDUGLQV��$JULFXOWXUH�&DQDGD��

:��*DR��$UJRQQH�1DW��/DE���

6��*RZDUG��'HS��*HRJUDSK\��8QLY��0DU\ODQG��

=��/L��&&56�2WWDZD��

$��5R\HU��8QLY�6KHUEURRNH�

:H�KDYH�VHOHFWHG�D�WHDP�RI�HLJKW�H[SHULHQFHG�DQG�SURGXFWLYH�VFLHQWLVWV�DQG�DFDGHPLFV�VSHFLDOL]HG

LQ�WKH�YDULRXV� ILHOGV�RI� UHPRWH� VHQVLQJ� WR�XWLOL]H� WKH� FRPELQHG�9(*(7$7,21�DQG�+59,5�GDWD� IRU

PRQLWRULQJ� QRUWKHUQ� HFRV\VWHPV�� 7KH� PDLQ� REMHFWLYH� RI� WKLV� LQYHVWLJDWLRQ� LV� WR� H[SORUH� WKH

XVHIXOQHVV�RI�WKH�DGGLWLRQDO�EOXH�DQG�VKRUWZDYH�LQIUDUHG�EDQGV�DQG�WKH�QDUURZ�QHDU�LQIUDUHG�EDQG

LQ�GHULYLQJ�ELRSK\VLFDO�SDUDPHWHUV�DQG�HVWLPDWLQJ�QHW�SULPDU\�SURGXFWLYLW\�RI�QRUWKHUQ�HFRV\VWHPV

�FURSODQG�� JUDVVODQG�� ERUHDO� IRUHVW�� ZHWODQG� DQG� WXQGUD��� 7KH� DGYDQWDJHV� RI� WKH� UDGLRPHWULF

SUHFLVLRQ�DQG�VWDELOLW\�DQG�WKH�IL[HG�RUELW�RI�WKH�9(*(7$7,21�LQVWUXPHQW�RYHU�WKH�H[LVWLQJ�12$$

$9+55� ZLOO� EH� H[SORUHG� LQ� WKH� SUHSURFHVVLQJ� RI� WKH� GDWD� LQFOXGLQJ� FRUUHFWLRQV� IRU� ELGLUHFWLRQDO

UHIOHFWDQFH�GLVWULEXWLRQ�HIIHFW�DQG�SL[HO�VFUHHQLQJ��7KLV�VWXG\�GUDZV�XSRQ�WKH�H[SHULHQFH�DWWDLQHG

E\� RXU� WHDP� PHPEHUV� LQ� SUHYLRXV� DQG� RQ�JRLQJ� SURMHFWV� VXFK� DV� ),)(� �)LUVW� ,6/6&3� )LHOG

([SHULPHQW��� %25($6� �%RUHDO� (FRV\VWHP�$WUQRVSKHUH� 6WXG\��� 1%,20(� �1RUWKHUQ� %LRVSKHUH

2EVHUYDWLRQ� DQG� PRGHOOLQJ� ([SHULPHQW�� DQG� RWKHUV�� 7KH� H[SHULHQFH� DQG� GDWD� VHWV� IURP� WKHVH

SURMHFW�ZLOO� DOORZ�XV� WR� H[SORLW� WKH� 9(*(7$7,21� GDWD� ZLWKRXW� LQFXULQJ� KLJK� H[SHQVHV�� ,QWHQVLYH

VWXG\� DUHDV� ZLOO� EH� ORFDWHG� LQ� FHQWUDO� DQG� HDVWHUQ� &DQDGD�� $OJRULWKPV� ZLOO� EH� GHYHORSHG� XVLQJ

9(*(7$7,21� GDWD� WR� UHWLHYH� OHDI� DUHD� LQGH[� �/$,�� DQG� WKH� SKRWRV\QWKHWLFDOO\� DFWLYH� UDGLDWLRQ

DEVRUEHG� E\� YHJHWDWLRQ� �$3$5��� $� 3KRWRV\QWKHWLF� (IILFLHQF\� PRGHO� �3(0�� DQG� WKH� 5HJLRQDO

+\GUR(FRORJLFDO�6LPXODWLRQ�6\VWHP��3+<66<6��FDSDEOH�WR�LQFRUSRUDWLQJ�9(*(7$7,21�GDWD�ZLOO�EH

XVHG� WR� VWXW\� VSDWLDO� DQG� WHPSRUDO� YDULDWLRQV� LQ� FDUERQ� EXGJHW� DQG� SURGXFWLYLW\� RI� QRUWKHUQ

HFRV\VWHPV�� $OJRULWKPV�� PRGHOV� DQG� VFLHQWLILF� SULQFLSOHV� WR� EH� GHYHORSHG� DQG� LPSURYHG� LQ� WKLV

VWXG\�DUH�H[SHFWHG�WR�EH�DSSOLFDEOH�IRU�ERUHDO�HFRV\VWHPV�ZRUOGZLGH�
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7KH� 6XLWDELOLW\� RI� 9(*(7$7,21� IRU� 0HGLWHUUDQHDQ� /DQG� 'HJUDGDWLRQ� DQG

'HVHUWLILFDWLRQ�0RQLWRULQJ

3ULQFLSDO�,QYHVWLJDWRU� :��0(+/��(0$3��,56$��-5&�,VSUD�,WDO\�

&R�LQYHVWLJDWRUV� -��+LOO��56�'HS��7ULHU��

%��/DFD]H��&()(�0RQWSHOOLHU��

6��6RPPHU�(0$3�,56$�-5&�,VSUD�

)RU� WKH� REVHUYDWLRQ� RI� ODQG� GHJUDGDWLRQ� DQG� GHVHUWLILFDWLRQ� SURFHVVHV� ZLWK� VSDFHERUQH� LPDJLQJ

LQVWUXPHQWV�ZH�QHHG�D�VWDQGDUGLVHG�PHWKRGRORJ\�ZKLFK� LV�FDSDEOH� WR�SURYLGH� LQIRUPDWLRQ�RQ�VRLO

FRQGLWLRQV�DQG�YHJHWDWLRQ�FRYHU��:H�EHOLHYH�WR�KDYH�LGHQWLILHG�LQ�§6SHFWUDO�0L[WXUH�$QDO\VLV¨��60$�

D�PHWKRGRORJLFDO�IUDPHZRUN�ZKLFK�SHUPLWV�WR�GHULYH�FRQVLVWHQWO\�VXFK�LQIRUPDWLRQ�DFURVV�GLIIHUHQW

GDWD�DFTXLVLWLRQV�DQG�GLIIHUHQW�VHQVRUV�)RU�RSHUDWLRQDO�PRQLWRULQJ�RI�ODQG�GHJUDGDWLRQ�D�PXOWL�VWDJH

VDPSOLQJ� VWUDWHJ\� PXVW� EH� GHYHORSHG� ZKHUH� ORZ� UHVROXWLRQ� VHQVRUV� ZLOO� SURYLGH� WKH� FRQWH[WXDO

LQIRUPDWLRQ�ERWK�LQ�VSDFH�DQG�LQ�WLPH�IRU�D�FRUUHFW�DQG�VWDWLVWLFDOO\�VLJQLILFDQW�HYDOXDWLRQ�RI�VWDWXV

DQG� SURFHVVHV� DV� REVHUYHG� E\� KLJK� UHVROXWLRQ� HDUWK� REVHUYDWLRQ� LQVWUXPHQWV�� $V� 9(*(7$7,21

V\VWHP�SDUDPHWHUV�RIIHU�ERWK�GDLO\�FRYHUDJH�DQG�D�KLJKHU�VSHFWUDO�UHVROXWLRQ�WKDQ�FXUUHQW�VHQVRUV

ZLWK� VKRUW� UHYLVLWLQJ� F\FOHV� �WKH� ODWWHU� SURSHUW\� EHLQJ� D� SUHUHTXLVLWH� IRU� VXFFHVVIXO� DSSOLFDWLRQ� RI

60$���ZH�VKDOO�HYDOXDWH�WKH�IXQFWLRQ�WKDW�V\VWHP�FDQ�IXOILO�LQ�DQ�RSHUDWLRQDO�VHWXS�IRU�PRQLWRULQJ�RI

ODQG�GHJUDGDWLRQ� LQ�WKH�0HGLWHUUDQLDQ�EDVLQ�� ,Q�SDUWLFXODU�ZH�VKDOO� LQYHVWLJDWH� � WKH�SRUWDELOLW\�RI

60$�DQG� WKH� FRPSDWLELOLW\� RI� UHVXOWV�GHULYHG� IURP� WKDW�PHWKRGRORJ\�ZLWK� WKRVH� REWDLQHG� DW� KLJK

UHVROXWLRQ��DQG�WKH�SRUWDELOLW\�RI�WRSRJUDSK\�UHODWHG�FRUUHFWLRQV�WR�9(*(7$7,21�VFDOH��7KDW�SDUW�RI

WKH�VWXG\�ZLOO�EH�FDUULHG�RXW�PDLQO\�GXULQJ�WKH�SUHODXQFK�SKDVH�RQ�VLPXODWHG�GDWD�VHWV��'XULQJ�WKH

SRVW�ODXQFK�SKDVH�ZH�VKDOO�VWXG\�LQ�DGGLWLRQ�LQGLFDWRUV�GHULYHG�IURP�9(*(7$7,21��ZKLFK�FDQ�EH

XVHG�WR�HYDOXDWH�D�SULRU\� WKH� VWDWLVWLFDO� VLJQLILFDQFH�RI�GDWD� VDPSOHV�JDWKHUHG�DW�KLJK� UHVROXWLRQ�

DQG�WKH�SRWHQWLDO�RI�REVHUYLQJ�DQG�PHDVXULQJ�SKHQRPHQD�ZKLFK�LQ�RXU�DUHD�RI�LQWHUHVW�PD\�EH�UDUH

EXW�KLJKO\�VLJQLILFDQW�IRU�ULVN�HVWLPDWLRQ�DQG�TXDQWLILFDWLRQ�RI�HURVLRQ� �YHJHWDWLRQ�SHDNV�DQG�ULYHU

SOXPHV�DIWHU�UDLQ�IDOO�HYHQWV��
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0RQLWRULQJ� VHDVRQDO� '\QDPLFV� RI� 1RUWK� $PHULFD� *UDVVODQGV� XVLQJ

9(*(7$7,21

3ULQFLSDO�,QYHVWLJDWRU� '��0(<(5��('&�86*6�6LRX[�)DOOV�6'�86$�

&R�LQYHVWLJDWRUV� %&�5HHG��75�/RYHODQG��-&�(LGHQVKLQN��('&�86*6�

//�7LHV]HQ��$JXVWDQD�&ROOHJH�

65�6FKLOOHU�6��'DNRWD�6WDWH�8QLY��

-:�0HUFKDQW�8QLY�1HEUDVND�

-(�/HZLV��0F*LOO�8QLYHUVLW\�

7KH� JUDVVODQGV� RI� WKH� *UHDW� 3ODLQV� LQ� 1RUWK� $PHULFD� DUH� FRPSULVHG� RI� HFRORJLFDO�� FOLPDWLF�� DQG

DJULFXOWXUDO� V\VWHPV�RQ� D� VFDOH�ZHOO�VXLWHG� IRU� VWXG\� E\�PHGLXP� UHVROXWLRQ� VHQVRUV� VXFK� DV� WKH

9(*(7$7,21�LQVWUXPHQW�� �)RU�PDQ\�\HDUV�� WKLV�ELRPH�KDV�EHHQ�REVHUYHG�E\� WKH�$GYDQFHG�9HU\

+LJK�5HVROXWLRQ�5DGLRPHWHU� �$9+55�� WR�PRQLWRU� ODQG� FRYHU� DQG� YHJHWDWLRQ� G\QDPLFV�� � +RZHYHU�

OLPLWDWLRQV�RQ�FDOLEUDWLRQ��JHRPHWU\��RUELWDO�GULIW��UHVLVWDQFH�WR�DWPRVSKHULF�HIIHFWV��OLPLWHG�VSHFWUDO

FRYHUDJH� DQG� ODFN� RI� FRQFXUUHQW� KLJK�UHVROXWLRQ� GDWD� KDYH� UHVWULFWHG� LWV� XWLOLW\� E\� LQWURGXFLQJ

VXEVWDQWLDO�HUURUV�LQWR�DOO�VWDJHV�RI�SURFHVVLQJ�DQG�DQDO\VLV���7KH�9(*(7$7,21�LQVWUXPHQW�SURYLGHV

DQ�RSSRUWXQLW\�WR�RYHUFRPH�WKHVH�UHVWULFWLRQV�

7KH�SURSRVHG�VWXG\�ZLOO�HYDOXDWH�WKH�9(*(7$7,21�LQVWUXPHQW�IRU�WZR�LPSRUWDQW�FODVVHV�RI�UHPRWH

VHQVLQJ�SUREOHPV������GLUHFW�HVWLPDWLRQ�RI�VXUIDFH�SK\VLFDO�SDUDPHWHUV��DQG�����LQGLUHFW�PHDVXUHV�RI

VXUIDFH� FKDUDFWHULVWLFV�� � 7KH� ILUVW� SUREOHP� LV� WKH� HVWLPDWLRQ� RI� VXUIDFH� DOEHGR�� ZKLFK� UHTXLUHV

SUHFLVH�VFHQH�JHRPHWU\�DQG�UDGLRPHWU\��LQ�DGGLWLRQ�WR�PHDVXUHPHQWV�DFURVV�D�EURDG�SRUWLRQ�RI�WKH

VRODU�VSHFWUXP��7KLV�SDUW�RI�WKH�H[SHULPHQW�LV�GHVLJQHG�WR�WHVW�WKH�FDSDELOLWLHV�RI�9(*(7$7,21�LQ

DQ�DSSOLFDWLRQ�WKDW�KDV�SURYHQ�GLIILFXOW�WR�VROYH�ZLWK�H[LVWLQJ�VHQVRUV���7KH�VHFRQG�SUREOHP�LV�WKH

FRPSXWDWLRQ� RI� VHDVRQDO� PHWULFV�� EDVHG� RQ� WLPH� VHULHV� FRPSRVLWHV� RI� WKH� QRUPDOL]HG� GLIIHUHQFH

YHJHWDWLRQ� LQGH[� �1'9,�� DV� VXUURJDWH� PHDVXUHV� RI� SODQW� SKHQRORJ\�� 7KLV� SDUW� RI� WKH� VWXG\� LV

GHVLJQHG�WR�WHVW�9(*(7$7,21
V��SHUIRUPDQFH�LQ�D�ELRPH�VFDOH�PRQLWRULQJ�DSSOLFDWLRQ�

7KLV�VWXG\�ZLOO�PRQLWRU�VXUIDFH�FRQGLWLRQV�RYHU�WKH�*UHDW�3ODLQV�XVLQJ�PXOWL�WHPSRUDO�DQDO\VHV��DQG

PXOWL�VFDOH� WHFKQLTXHV� IRU� YDOLGDWLRQ�� � )RXU� WR� VL[� JUDVVODQGV� SUHVHUYHV�� DGPLQLVWHUHG� DQG

PDLQWDLQHG�E\�7KH�1DWXUH�&RQVHUYDQF\��ZLOO�VHUYH�DV�WHVW�VLWHV�IRU�WKH�YDOLGDWLRQ��2Q�VLWH�VWDII�ZLOO

PDNH� URXWLQH� JURXQG� REVHUYDWLRQV� RI� SODQW� SKHQRORJ\� DQG� DWPRVSKHULF� FRQGLWLRQV�� ZKLOH� PRUH

GHWDLOHG� PHDVXUHPHQW� FDPSDLJQV�� GHVLJQHG� WR� PHDVXUH� SODQW� VSHFWUD�� ELRPDVV�� FKORURSK\OO

FRQWHQW�� DQG� UHODWHG�SDUDPHWHUV��ZLOO� RFFXU� WKUHH� WR� ILYH� WLPHV�SHU� \HDU� IRU� WKH�\HDUV� ����������

3DUDOOHO�WR�WKH�GHWDLOHG�VXUYH\V��6327�;6�DQG�7KHPDWLF�0DSSHU�GDWD�ZLOO�EH�DFTXLUHG�DQG�GHJUDGHG

WR���NLORPHWHU�UHVROXWLRQ�WR�GHWHUPLQH�WKH�ORVV�RI� LQIRUPDWLRQ�WKDW�RFFXUV�EHWZHHQ�WKHVH�GLIIHUHQW

VFDOHV���5HODWLRQVKLSV�ZLOO�EH�HVWDEOLVKHG�EHWZHHQ�VXUIDFH�DQG�VDWHOOLWH�PHDVXUHPHQWV�WR�GHWHUPLQH

WKH� OLPLWV�RI�GLVFULPLQDWLRQ�RI�VXUIDFH�SDUDPHWHUV� IURP�PHGLXP�UHVROXWLRQ� LPDJHU\�� �)RU� WKH�SUH�

ODXQFK� SKDVH�� WKH� $9+55� ZLOO� EH� XVHG� DV� WKH� RSHUDWLRQDO� LQVWUXPHQW� WR� GHWHUPLQH� DOEHGR� DQG

YHJHWDWLRQ�PHWULFV�

$IWHU� ODXQFK��GDWD� FROOHFWHG� VLPXOWDQHRXVO\� E\� WKH�9(*(7$7,21� DQG� � 6327�+59,5� LQVWUXPHQWV

ZLOO� SURYLGH�DQ�XQSUHFHGHQWHG�RSSRUWXQLW\� WR� VWXG\�PXOWL�VFDOH�DQG�PXOWL�WHPSRUDO� UHODWLRQVKLSV

IURP� VSHFWUDOO\� FRQVLVWHQW� PHGLXP�� DQG� KLJK�UHVROXWLRQ� VRXUFHV�� � ,W� LV� DQWLFLSDWHG� WKDW

9(*(7$7,21� ZLOO� SURYLGH� VXEVWDQWLDO� LPSURYHPHQWV� RYHU� SUHVHQW� V\VWHPV� IRU� FRQGXFWLQJ� ERWK

GLUHFW�DQG�LQGLUHFW�PHDVXUHPHQWV�RI�WKH�JUDVVODQGV�HFRV\VWHP�
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9HJHWDWLRQ�G\QDPLFV�LQ�WKH�VRXWKHUQ�$PD]RQ�EDVLQ��%UD]LO��E\�6327���LPDJHU\

3ULQFLSDO�,QYHVWLJDWRU� (�'(�0,5$1'$��(FRIRUFH�6DR�3DXOR�%UD]LO�

7KLV�SURMHFW�ZLOO�SURYLGH�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�YHJHWDWLRQ�G\QDPLFV�LQ�WKH�6RXWKHUQ�$PD]RQ

%DVLQ�� 7KH� SURSRVDO� LV� WKH� UHVXOW� RI� D� PXOWL�LQVWLWXWLRQDO� DJUHHPHQW� EHWZHHQ� (&2)25&(� DQG

10$�(0%5$3$�� ZLWK� WKH� VXSSRUW� RI� ,13(� DQG� 357)$6�&75$'�� 7KH� LQYHVWLJDWLRQ� ZDV� WKHUHIRUH

SODQQHG� WR� YDOXH�� LQ� D� FRPSOHPHQWDU\� DQG� V\QHUJHWLF� ZD\�� WKH� H[LVWLQJ� IDFLOLWLHV�� KXPDQ� DQG

ILQDQFLDO�UHVRXUFHV�RI�WKH�SDUWLFLSDQW�LQVWLWXWLRQV��7KH�H[SHULPHQWDO�REMHFWLYHV�RI�WKLV�SURSRVDO�LV�WR

HYDOXDWH� WKH� SRWHQWLDO� XVH� RI� 6327��9(*(7$7,21� LPDJHU\� IRU� HVWLPDWLQJ� WKH� H[WHQW� RI� EXUQHG

DUHDV�LQ�WKH�6RXWKHP�$PD]RQ�%DVLQ��%UD]LO�

7KH�PDLQ�VWXG\�VLWH�LV�ORFDWHG�LQ�WKH�6WDWH�RI�0DWR�*URVVR�DQG�KDV�DQ�DUHD�RI�DERXW���������VT��NP�

,W�LV�D�FOLPDWLF�WUDQVLWLRQ�DUHD�EHWZHHQ�WKH�VDYDQQD�DQG�WKH�UDLQ�IRUHVW��7KH�XVH�RI�ILUH�LQ�JUDVV�DQG

VKUXEODQGV�DQG�WKH�SUDFWLFH�RI�GHIRUHVWDWLRQ� IROORZHG�E\�EXUQLQJV�WR�RSHQ�QHZ�DJULFXOWXUDO� ILHOGV

DQG�SDVWXUHV�DUH�YHU\�FRPPRQ��7KH�FRQWLQXRXV�FKDQJHV�LQ�WKH�ODQG�XVH�DQG�WKH�ODUJH�VL]H�RI�IDUPV

DUH� IDYRUDEOH� LQ� SULQFLSOH� WR� WKH� FODVVLILFDWLRQ� RI� WKH� 6327��9(*(7$7,21� GDWD�� 6LQFH� ������ WKH

(&2)25&(�DQG�10$
V�UHVHDUFK�WHDPV�KDYH�EHHQ�ZRUNLQJ�ZLWK�GDLO\�GDWD� IURP�12$$�$9+55� WR

PRQLWRUH� YHJHWDWLRQ� EXUQLQJV�� GXULQJ� WKH� GU\� VHDVRQV�� ZLWK� ,13(
V� FROODERUDWLRQ�� 7KH� PDLQ

H[SHFWHG�RXWFRPHV�RI�WKLV�LQYHVWLJDWLRQ�SURSRVDO�DUH�

• 7KH� PXOWLVSHFWUDO� PHDVXUHPHQWV�� WR� REWDLQ� D� FDUWRJUDSK\� RI� WKH� GHWHFWHG� EXUQLQJ� VLWHV

�12$$�$9+55�� DQG� WKH� EXUQHG� DUHDV� �6327��9(*(7$7,21��� WKDW� ZLOO� LPSURYH� WKH� �0XOWL�

,QVWLWXWLRQDO�,QWHJUDWLRQ�6\VWHP�IRU�0RQLWRULQJ�WKH�%XUQLQJV�LQ�%UD]LO��

• 7KH� PXOWLWHPSRUDO� DQDO\VLV� RI� WKH� YHJHWDWLRQ� LQGH[HV� UHODWHG� WR� WKH� G\QDPLFV� RI� WKH� VXUIDFH

SURFHVVHV� WKDW� LQIOXHQFH� WKHCYHJHWDWLRQ� GHYHORSPHQW� �ZDWHU� DYDLODELOLW\�� VRLO� W\SH�� WRSRJUDSKLF

VLWXDWLRQ��ODQG�XVH�DQG�ODQG�PDQDJHPHQW���LQ�D�WUDQVLWLRQ�DUHD�EHWZHHQ�WKH�UDLQ�IRUHVW�DQG�WKH

VDYDQQD�ZRRGODQGV�
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0HWKRG�WR�PRQLWRU�FKDUDFWHULVWLFV�RI�ERUHDO� IRUHVWV�XVLQJ�6327�9(*(7$7,21

GDWD

3ULQFLSDO�,QYHVWLJDWRU� .��$1'(56621��977�)LQODQG�

&R�LQYHVWLJDWRUV� 7��+lPH��$��6DOOL��0��+ROP��977��

5��.DOLROD��.��6\UMlQHQ��8QLY��7XUNX�

7KH�SXUSRVH�RI� WKLV� VWXG\� LV� WR�GHYHORS�DQ�RSHUDWLYH�PHWKRGRORJ\� WR�PRQLWRU� UHVRXUFHV� RI� ERUHDO

IRUHVWV�RYHU�H[WHQVLYH�DUHDV�E\�XVLQJ�6327�9(*(7$7,21�GDWD�DV� WKH�SULPDU\� LQIRUPDWLRQ�VRXUFH�

7KH� UHVRXUFHV� LQFOXGH� WUHH� ELRPDVV� �RU� RUJDQLF�PDWWHU��� WUHH� VSHFLHV� JURXSLQJV� GLVWULEXWLRQ�� DQG

PDMRU� IRUHVW� VLWH� W\SHV�� 7KH� PHWKRGRORJ\� ZLOO� EH� DFWXDOL]HG� LQ� D� VRIWZDUH� SDFNDJH�� 6RPH� RI� WKH

HOHPHQWV� RI� WKH�PHWKRGRORJ\� DOUHDG\� H[LVW�� 7KH\� KDYH� EHHQ� GHYHORSHG� GXULQJ� UHFHQW� RU� RQJRLQJ

VWXGLHV�DW�977�RU�HOVHZKHUH��7KH�HOHPHQWV�RI�WKH�PHWKRGRORJ\�LQFOXGH�

• DWPRVSKHULF�DQG�JHRPHWULF�FRUUHFWLRQV

• LPDJH�PRVDLFLQJ

• FRPSXWDWLRQ� RI� WKH� PRGHOV� IRU� VWDQG� FKDUDFWHULVWLFV� HVWLPDWLRQ� XVLQJ� JURXQG� WUXWK� DQG� KLJK

UHVROXWLRQ�VDWHOOLWH�GDWD

• DSSOLFDWLRQ�RI�GLIIHUHQW�PRGHOV�RQ�WKH�PRVDLF

• TXDQWLWDWLYH�HVWLPDWLRQ�RI�VSDWLDO�VWUXFWXUH�RI�IRUHVWV�XVLQJ�PDWKHPDWLFDO�PRUSKRORJ\

7KH�VFLHQWLILF�REMHFWLYHV�RI�WKLV�SURMHFW�DUH�

��� WR� WHVW� DQG� IXUWKHU� GHYHORS� PHWKRGRORJ\� WR� DSSO\� PRGHOV�� GHYHORSHG� XVLQJ� KLJK� UHVROXWLRQ

VDWHOOLWH�GDWD�DQG�JURXQG�WUXWK��WR�WKH�ORZ�UHVROXWLRQ�GDWD�PRVDLF

��� WR�WHVW�DQG�IXUWKHU�GHYHORS�PHWKRGRORJ\�WR�FRUUHFW�WKH�DWPRVSKHULF�HIIHFW�XVLQJ�QDWXUDO�WDUJHWV

'DWD�VHWV� IRU�VLPXODWLRQ�RI� WKH�SUH� ODXQFK�SKDVH��ZLOO�EH�JHQHUDWHG� IURP�6327�DQG�$9+55�GDWD�

,PDJHV�DUH�QHHGHG�IURP�6ZHGHQ��)LQODQG�DQG�SRVVLEO\�IURP�5XVVLD�
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(YDOXDWLRQ� RI� 0,5� GDWD� IURP� 6327��9(*(7$7,21� IRU� WKH� PRQLWRULQJ� RI

FOLPDWLF�SKHQRPHQD�LPSDFW�RQ�YHJHWDWLRQ

3ULQFLSDO�,QYHVWLJDWRU� ,��3216��*(26<6�7RXORXVH�)UDQFH�

$�FRXQWU\�VWUXFN�E\�D�FOLPDWLF�SKHQRPHQD�VXFK�DV�GURXJKW�QHHGV�WR�EH�DEOH�WR�PHDVXUH�WKH�JUDYLW\

RI�WKH�VLWXDWLRQ�

6LQFH� ������ *(26<6� KDV� VDWLVILHG� VXFK� UHTXLUHPHQWV� E\� VHWWLQJ� XS� D� VSHFLILF� *HRJUDSKLF

,QIRUPDWLRQ�6\VWHP��*,6���7KLV�V\VWHP�XVHV�VSDFH�GHULYHG��UHSHWLWLYH�� ORZ�UHVROXWLRQ�VDWHOOLWH�GDWD

�12$$�$9+55��LQ�FRQMXQFWLRQ�ZLWK�RWKHU�W\SHV�RI�LQIRUPDWLRQ��PDLQO\�ODQG�XVH��DJUR�FOLPDWLF�GDWD

DQG� FURS� FDOHQGDUV��� ,W� HQDEOHV� WKH� HIIHFWV� RI� GURXJKW� WR� EH� PHDVXUHG� JOREDOO\�� REMHFWLYHO\� DQG

UDSLGO\�

7KH� LPSDFW� HYDOXDWLRQ� PHWKRG� LV� EDVHG� RQ� D� PXOWL�WHPSRUDO� FRPSDULVRQ� RI� D� VHULHV� RI� LPDJHV

DFTXLUHG�GXULQJ�D�QRUPDO� \HDU� �FRQVLGHUHG�DV� WKH� UHIHUHQFH�\HDU��� DQG� WKRVH�DFTXLUHG�GXULQJ� WKH

FXUUHQW�\HDU��7KH�GLIIHUHQFHV�REVHUYHG�DQG�PDSSHG�HQDEOH�D�]RQLQJ�DQG�KLHUDUFKLFDO�RUJDQL]DWLRQ�RI

WKH�LPSDFW�WR�EH�HVWDEOLVKHG�

7KH�ODXQFKLQJ�RI�9(*(7$7,21�6327���ZLWK�D�6KRUW�:DYH�,QIUD�5HG��6:,5��FKDQQHO�ZLOO�VXUHO\�EH�D

PHDQV�RI�REWDLQLQJ�PRUH�LQIRUPDWLRQ�RQ�YHJHWDWLRQ�IRU�JOREDO��ORZ�UHVROXWLRQ�VWXGLHV�

7KH�REMHFWLYH�RI�WKH�LQYHVWLJDWLRQ�SURSRVHG�LV�WR�VWXG\�WKH�LQWHUHVW�RI�9(*(7$7,21�GDWD�IRU�LPSDFW

]RQLQJ�DQG�WR�SUHSDUH�WR�WKH�LQWHJUDWLRQ�RI�WKH�VH�QH�Z�GDWD�LQ�WKH�LQIRUPDWLRQ�V\VWHP�RI�HYDOXDWLRQ�

7KH�VWXG\�ZLOO� EH�PDGH�XS� RI� WKUHH� SURJUHVVLYH� SKDVHV�ZKLFK�ZLOO� JR� IURP� WKH� HYDOXDWLRQ� RI� WKH

JDLQV�EURXJKW�DERXW�E\�6:,5�WR�WKH�GHILQLWLRQ�RI�D�GURXJKW�LPSDFW�PRQLWRULQJ�V\VWHP�

7KHVH�WKUHH�SKDVHV�DUH�DV�IROORZV�

��3UHOLPLQDU\� VWXG\� IRU� HYDOXDWLQJ� WKH� LQIRUPDWLRQ� SURYLGHG� E\� WKH� 6:,5� EDQG� DQG� LQWHJUDWLQJ� LW

LQWR� WKH� LPSDFW� HYDOXWDWLRQ�� 7KH� VWXG\� ZLOO� EH� FRQGXFWHG� RQ� ORZ� UHVROXWLRQ� VLPXODWLRQV� XVLQJ

/$1'6$7�70�LPDJHV�DQG�RQ�D�IDLUO\�OLPLWHG�DUHD�

�� ([WHQWLRQ�� VSHFLILFDWLRQ� DQG� YDOLGDWLRQ� RI� WKH�PHWKRG� RQ� D� ODUJHU� DUHD� FRYHUHG� E\� $765�� GDWD�

2QFH�WKHVH�WZR�SKDVHV�KDYH�EHHQ�FDUULHG�RXW��WKH�PRQLWRULQJ�V\VWHP�LV�WRWDOO\�GHILQHG�RQ�VLPXODWHG

GDWD��SUH�ODXQFK�SKDVH��

��&DUU\LQJ�28W�RI� D� VWXG\� IRU�PRQLWRULQJ� YHJHWDWLRQ� LPSDFW� LQ�D� UHDO� FRQWH[W�XVLQJ�9(*(7$7,21

GDWD�

7KH� VLWH� FKRVHQ� LV� LQ� 6SDLQ�� ZKHUH� GURXJKW� SUREOHPV� FRPH� DERXW� UHJXODUO\� \HDU� DIWHU� \HDU�� DQG

ZKHUH�WKH�JUDYLW\�RI�WKH�SKHQRPHQRQ�LV�PRQLWRUHG�HYHU\�\HDU�E\�WKH�FXUUHQW�V\VWHP�

,Q� DGGLWLRQ� WR� WKH� LQQRYDWLYH� QDWXUH� RI� WKH� LQWHJUDWLRQ� RI� 6:,5� LQ� RUGHU� WR� REWDLQ� PRUH

FRPSUHKHQVLYH� LQIRUPDWLRQ� RQ� WKH� ELRPDVV� DQG� VRLO� FDUDFWHULVWLFV� DQG� WKHUHIRUH� IRU� PRQLWRULQJ

GURXJKW� LPSDFW�� WKH� DGYDQWDJH� RI� WKLV� VWXG\� LV� WR� SURSRVH� D� FRQFUHWH� DSSOLFDWLRQ� IRU� WKH

9(*(7$7,21�GDWD�
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9(*(7$7,21� GDWD� LQ� WKH� PRQLWRULQJ� RI� GLVWXUEDQFH� SDWFKHV� DQG

SRVWGLVWXUEDQFH�VXFFHVVLRQ�LQ�QDWXUDO�YHJHWDWLRQ�LQ�6RXWK�$IULFD

3ULQFLSDO�,QYHVWLJDWRU� � +�� *8/,1&.� �,QVWLWXWH� IRU� /DQG� DQG� :DWHU� 0DQDJHPHQW�� /HXZHQ�

%HOJLXP�

,Q� D� UHFHQW� (&�'*9,,,� SURMHFW� D� EDVHOLQH� GDWDVHW� DQG� PHWKRGRORJ\� ZDV� HODERUDWHG� FRQFHUQLQJ

YHJHWDWLRQ�SDWWHUQV�DQG�FKDQJHV�DW�PHGLXP�VFDOH�OHYHO��������������������LQ�WKH�QDWXUDO�SDUNV�RI

QRUWKHUQ�%RWVZDQD�� XVLQJ� /DQGVDW�066� DQG� /DQGVDW�70� DV� VRXUFH� LQIRUPDWLRQ�� 7KH� SURMHFW�ZDV

OLQNHG�WR�SUREOHPV�VXFK�DV�RYHUJUD]LQJ�DQG�ILUH���7KH�LQWURGXFWLRQ�RI�9(*(7$7,21�LQIRUPDWLRQ�ZLOO

EH�KHOSIXO� LQ� UHFRQVWUXFWLQJ� WKH� VKRUW� WHUP�KLVWRU\� RI� LQGLYLGXDO� UHJLRQ�� HVSHFLDOO\� IRU� HSKHPHUDO

IHDWXUHV�LQ�QDWXUDO�ODQGVFDSHV���6HFRQGO\�9(*(7$7,21�GDWD�ZLOO�KHOS�LQ�SURYLGLQJ�LQIRUPDWLRQ�RQ

DWPRVSKHULF�LQWHUIHUHQFHV��RIWHQ�ORFDO�DV�VPRNH�SOXPHV��7KLUGO\��D�V\QHUJ\�EHWZHHQ�ORZ�UHVROXWLRQ

9(*(7$7,21�GDWD�DQG�KLJK�UHVROXWLRQ�/DQGVDW�RU�6327�GDWD�PD\�JUHDWO\�HQKDQFH�WKH�RSHUDWLRQDO

VXFFHVV�RI�VDWHOOLWH�EDVHG�YHJHWDWLRQ�PRQLWRULQJ��LQ�SURYLGLQJ�PXOWLVFDOH�GDWD�RQ�SDUDPHWHUV�RI�WKH

HQYLURQPHQW�VXFK�DV�VWDQGLQJ�JUHHQ�ELRPDVV�

7KH�REMHFWLYHV�RI�WKLV�QHZ�SURSRVDO�DUH�WKH�IROORZLQJ�

��� $GGLQJ� D� PRQLWRULQJ� FRPSRQHQW� IRU� KLJK� IUHTXHQF\�� HSKHPHUDO� DQG� ORFDOLVHG� HFRORJLFDO

SKHQRPHQD�VXFK�DV�ILUH�WR�WKH�UHVHDUFK�GHVFULEHG�KHUH�DERYH�

��� �&RQWULEXWH�WR�WKH�PHWKRGRORJ\�RI�LQWHUSUHWDWLRQ�RI�9(*(7$7,21�GDWD��PRUH�VSHFLILFDOO\��

• �D��'HILQH�IUHTXHQF\�WKUHVKROGV�IRU�9(*(7$7,21�GDWD

• �E��(VWLPDWH�FRQWUDVW�WKUHVKROGV�IRU�GHWHFWLRQ�RI�GLVWXUEDQFHV�LQ�9(*(7$7,21�GDWD

• �F��(VWLPDWH�SL[HO�FRPSRVLWLRQ�WKUHVKROGV�IRU�GHWHFWLRQ�RI�GLVWXUEDQFHV�

7KH�PHWKRGRORJ\�LQ�WKH�SUH�ODXQFK�SKDVH�FRPSULVHV�WKH�VHOHFWLRQ�RI�/DQGVDW�066��70�DQG�6327

LPDJHV�DV�VRXUFH�GDWD�IRU�VLPXODWLRQ��LQFOXGLQJ�D�PXOWL\HDU�VHULHV��D�RQH�VHDVRQ�VHW�DQG�D�VLQJOH

GDWH� UHVROXWLRQ�VHW�� � 7KLV�GDWD� LV� DOUHDG\� DYDLODEOH� IRU� D� JUHDW� SDUW�� � $� VXSSRUWLQJ� ILHOG� VXUYH\� LV

HQYLVDJHG� DV� ZHOO�� � 7KLV� SURMHFW� ZLOO� DSSO\� WKH� PRVW� VWUDLJKWIRUZDUG� WHFKQLTXH� IRU� VLPXODWLRQ

SRVVLEOH�DQG�DFFHSWDEOH��EXW�QRW�VSHFLILFDOO\�VHDUFK�IRU�RSWLPDO�DOJRULWKPV��DV�WKH�HPSKDVLV�OD\V�RQ

WKH�VSDWLDO�DQG�WHPSRUDO�GRPDLQ�

'XULQJ� WKH� VHFRQG�� SRVWODXQFK� SKDVH�� WKH� VLPXODWLRQ� ZLOO� EH� UHSHDWHG� IRU� FRPSDULVRQ� ZLWK� UHDO

9(*(7$7,21� GDWD�� � ,Q� WKH� HDUO\� DQG� ODWHU� VWDJH� RI� WKLV� SKDVH�� D� JURXQG� WUXWKLQJ� PLVVLRQ� LV

HQYLVDJHG�

7KH�H[SHFWHG�UHVXOWV�DUH�WKH�IROORZLQJ��

• )HDVDELOLW\�RI�9(*(7$7,21�IRU�UHFRUGLQJ�ILUHV�DQG�RWKHU�GLVWXUEDQFHV

• 0HWKRGRORJ\�IRU�WKH�LQWHUSUHWDWLRQ�RI�9(*(7$7,21�LQ�WKH�VHOHFWLRQ�RI�6327�+59,5

• ,PSURYHG�LQWHUSUHWDWLRQ�PHWKRGRORJ\�IRU�KLJK�UHVROXWLRQ�LPDJHV

$�ZRUNSODQ�GHVLJQ� IRU� LPSOHPHQWDWLRQ�KLJK�DQG� ORZ�UHVROXWLRQ�VDWHOOLWH� LPDJHV� LQ�ZLOGOLIH�KDELWDW

PDSSLQJ�DQG�PRQLWRULQJ
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'HWHUPLQDWLRQ� DQG� YDOLGDWLRQ� RI� /DQG� 6XUIDFH� %LRSK\VLFDO� SURSHUWLHV� XVLQJ

6327���9(*(7$7,21�DQG�+59,5

3ULQFLSDO�,QYHVWLJDWRU� 0�%$516/(<��8�&ROOHJH�6ZDQVHD�8.�

&R�LQYHVWLJDWRUV� '��$OOLVRQ��3��/HZLV��-3�0XOOHU��8QLYHUVLW\�&ROOHJH�/RQGRQ��

3��$WNLQVRQ��3-�&XUUDQ��8QLY��6RXWKDPSWRQ��

3��%RLVVDUG��1�,YDQRY��,15$�)UDQFH��

-�%DNNHU��-�&OHYHUV��(�+XLVLQJ��+��YDQ�/HHXZHQ�6\QRSWLFV��1/��

$��6WUDKOHU��%RVWRQ�8QLYHUVLW\��86$�

7KLV�LQYHVWLJDWLRQ�LV�FRQFHUQHG�ZLWK�WKH�GHYHORSPHQW�RI�D�QXPEHU�RI�QHZ�DOJRULWKPV��DQG�YDOLGDWLRQ

RI�WKH�UHVXOWDQW�GDWD�SURGXFWV��DSSURSULDWH�WR�WKH�9(*(7$7,21�DQG�+59,5�LQVWUXPHQWV�WKDW�ZLOO�EH

ODXQFKHG� RQ� ERDUG� 6327� ��� ,Q� SDUWLFXODU�� WKH� SURSRVDO� IRFXVHV� RQ� WKH� XVH� RI� 9(*(7$7,21� WR

DFTXLUH� PXOWLSOH� YLHZ�LOOXPLQDWLRQ� DQJOH� GDWD� WR� FKDUDFWHULVH� WKH� %LGLUHFWLRQDO� 5HIOHFWDQFH

'LVWULEXWLRQ� )XQFWLRQ� �%5')�� RI� GLIIHUHQW� (DUWK� VXUIDFH�PDWHULDOV� DQG�� KHQFH�� WR� GHULYH� HVWLPDWH

YDOXHV�IRU�D�QXPEHU�RI�NH\�ELRSK\VLFDO�SURSHUWLHV�RI�WKH�ODQG�VXUIDFH��LQFOXGLQJ�WKH�DOEHGR�DQG�/HDI

$UHD�,QGH[��/$,��

'HULYDWLRQ� RI� VXUIDFH� VSHFWUDO� DOEHGR� LQYROYHV� HLWKHU� QXPHULFDO� RU� DQDO\WLFDO� LQWHJUDWLRQ� RI� WKH

VXUIDFH� %5')� ZKLFK�� LQ� WXUQ�� UHTXLUHV� WKH� XVH� RI� HLWKHU� DQ� HPSLULFDO� RU� SK\VLFDO� PRGHO� RI

ELGLUHFWLRQDO� UHIOHFWDQFH� DW� WKH� (DUWK� VXUIDFH�� 'HSHQGLQJ� RQ� WKH� SDUDPHWHUL]DWLRQ� RI� WKLV�PRGHO�

HVWLPDWHV� PD\� DOVR� EH� REWDLQHG� IRU� YDULRXV� ELRSK\VLFDO� SDUDPHWHUV� �H�J��� WKH� /$,� RI� YHJHWDWLRQ

FDQRSLHV���:H�SURSRVH�WR�H[DPLQH�WKH�DSSOLFDELOLW\�RI�D�QXPEHU�RI�GLIIHUHQW�%5')�PRGHOV� LQ� WKLV

FRQWH[W�� 7KLV� ZLOO� LQYROYH� D� FRQVLGHUDWLRQ� RI� WKHLU� UHODWLYH� FRPSXWDWLRQDO� UHTXLUHPHQWV�� WKH

UREXVWQHVV�RI�WKH�LQYHUVLRQ�SURFHGXUHV�XVHG��WKH�VHQVLWLYLW\�RI�WKH�PRGHO�LQYHUVLRQV�RI�WKH�QXPEHU

DQG� DQJXODU� GLVWULEXWLRQ� RI� WKH� DYDLODEOH� GLUHFWLRQDO� UHIOHFWDQFH�PHDVXUHPHQWV�� DQG� WKH� SK\VLFDO

PHDQLQJ�RI�WKH�GHULYHG�PRGHO�SDUDPHWHUV�DW�GLIIHUHQW�VSDWLDO�VFDOHV�

$OWKRXJK�9(*(7$7,21�ZLOO�EH�FDSDEOH�RI�REVHUYLQJ�DQ\�SRLQW�RQ�WKH�(DUWK�VXUIDFH�RYHU�D�UDQJH�RI

YLHZLQJ�DQG�LOOXPLQDWLRQ�DQJOHV�IURP�GLIIHUHQW�RUELWDO�RYHUSDVVHV��WKH�DQJXODU�GLVWULEXWLRQ�RI�WKHVH

PHDVXUHPHQWV�� SDUWLFXODUO\� ZLWK� UHVSHFW� WR� WKH� YLHZLQJ� KHPLVSKHUH� ZLOO� EH� UHODWLYHO\� UHVWULFWHG�

7KXV�� ZH� LQWHQG� WR� H[DPLQH� WKH� FRPELQHG� XVH� RI� GDWD� IURP� 9(*(7$7,21� ZLWK� WKDW� IURP� RWKHU

FXUUHQW� DQG� SURSRVHG� 
PHGLXP
� UHVROXWLRQ� VDWHOOLWH� VHQVRUV� �H�� J��� 0(5,6�� 0,65� DQG� 02',6�� WR

SURYLGH�D�PRUH�FRPSOHWH�VDPSOH�RI�WKH�%5')�DQG�KHQFH�WR�GHULYH�VWLOO�PRUH�DFFXUDWH�HVWLPDWHV�RI

ODQG�VXUIDFH�DOEHGR��/$,�HWF�

7R�HQVXUH�WKDW� WKH�GHULYHG�GDWD�SURGXFWV�DUH�DFFHSWHG�DQG�ZLGHO\�HPSOR\HG�E\�WKH� UHOHYDQW�XVHU

FRPPXQLWLHV�� ZH� KDYH� SURSRVHG� D� ULJRURXV� GDWD� YDOLGDWLRQ� VFKHPH� EDVHG� RQ� HVWDEOLVKHG

JHRVWDWLVWLFDO�WHFKQLTXHV��7KLV�ZLOO�EH�XVHG��LQ�FRQMXQFWLRQ�ZLWK�PXOWL�UHVROXWLRQ��PXOWL�VFDOH��GDWD

VHWV��WR�VFDOH�XS�IURP�D�FRQWUROOHG�VHW�RI�GHWDLOHG�SRLQW�PHDVXUHPHQWV�DW�WKH�(DUWK�VXUIDFH��WKURXJK

FRQWHPSRUDQHRXV�DLUERUQH�DQG�KLJK� VSDWLDO� UHVROXWLRQ� VDWHOOLWH� VHQVRU� GDWD� �LQFOXGLQJ�+59,5� RQ

6327�����WR�WKH�JULG�VFDOH�RI�9(*(7$7,21�DQG�RWKHU�PHGLXP�UHVROXWLRQ�VHQVRUV��7KLV�ZLOO�EH�XVHG

WR�SURYLGH�DFFXUDF\�HVWLPDWHV�IRU�HDFK�RI�WKH�GHULYHG�GDWD�SURGXFWV�

7KH�DOJRULWKPV�ZLOO�EH�GHYHORSHG�� WHVWHG�DQG�UHILQHG�SULRU� WR� WKH� ODXQFK�RI�9(*(7$7,21�XVLQJ�D

UDQJH�RI�H[LVWLQJ�GDWD�VHWV� IURP�ILYH� WHVW�VLWHV��QDPHO\� �L��+$3(;�6DKHO��1LJHU��:HVW�$IULFD� �VHPL�

DULG����LL��),)(��.RQ]D�SUDLULH��.DQVDV��86$� �JUDVVODQG��� ��%25($6��&DQDGD� �FRQLIHURXV�ZRRGODQG��

�LY��&KDQJ�3LQJ�7DQJ�6KDQ��QHDU�%HLM�LQJ��&KLQD��ZRRGODQG�DJULFXOWXUH���DQG��Y��/D�&UDX��VRXWKHUQ

)UDQFH��7KH�/D�&UDX�WHVW�VLWH�Z�LOO�EH�XVHG�DGGLWLRQDOO\�DV�D�SRVW�ODXQFK�WHVW�VLWH�

0HPEHUV� RI� WKH� FRQVRUWLXP� UHSUHVHQWHG� KHUH� KDYH� H[WHQVLYH� H[SHULHQFH� ZRUNLQJ� WRJHWKHU� RQ

UHODWHG�VDWHOOLWH�VHQVRU�SURJUDPPHV��QRWDEO\�1$6$
V�02',6�DQG�0,65�LQVWUXPHQW�WHDPV�DQG�KDYH

GHYHORSHG�SURWRW\SH�FRGH� IRU�02',6� WKDW� FRXOG� EH� DSSOLHG� GLUHFWO\� WR� 9(*(7$7,21��&RQVRUWLXP

VNLOOV�LQFOXGH�GHWDLOHG�LQ�VLWX�PHDVXUHPHQW�RI�ODQG�VXUIDFH�ELRSK\VLFDO�SDUDPHWHUV��LQFOXGLQJ�WKH���

'�VWUXFWXUDO�SURSHUWLHV�RI�YHJHWDWLRQ�FDQRSLHV���JHRVWDWLVWLFDO�WKHRU\�DQG�VSDWLDO�VDPSOLQJ�PHWKRGV�

DQG�LQ�%5')�PRGHOOLQJ�DQG�LQYHUVLRQ�
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'HYHORSPHQW�RI�D�V\QWKHWLF�DOJRULWKP�IRU�YHJHWDWLRQ�PRQLWRULQJ

3ULQFLSDO�,QYHVWLJDWRU� )��%$5(7��,15$�$YLJQRQ�)UDQFH�

&R�LQYHVWLJDWRUV� -0�1DNDFKH�$pURVSDWLDOH�&DQQHV��

0�/HUR\��/(576�7RXORXVH��

0'�6WHYHQ��'HS�RI�*HRJUDSK\�8QLY��1RWWLQJKDP�

7KH�REMHFWLYH�RI� WKLV�SURSRVDO� LV� WR�GHYHORS�DQ�DOJRULWKP�GHYRWHG� WR� WKH�PRQLWRULQJ�RI� YHJHWDWLRQ�

7KH� DOJRULWKP� LV� H[SHFWHG� WR� UHSUHVHQW� RXU� FXUUHQW� XQGHUVWDQGLQJ� RI� WKH� ELRSK\VLFDO� SURFHVVHV

JRYHUQLQJ�FDQRS\�UHIOHFWDQFH�DQG�UDGLDWLYH� WUDQVIHU� LQ� WKH�DWPRVSKHUH��)XUWKHU��ZH�ZLOO� H[SOLFLWO\

XVH� WKH� GLUHFWLRQDO� DQG� VSHFWUDO� FKDUDFWHULVWLFV� RI� 9(*(7$7,21� WR� UHWULHYH� WKH� PD[LPXP

LQIRUPDWLRQ�RQ�WKH�YHJHWDWLRQ�DQG�PLQLPLVH�WKH�HIIHFWV�RI�FRQIRXQGLQJ�IDFWRUV�ZHOO�LGHQWLILHG�VXFK

DV�WKH�DWPRVSKHUH��VRLO�EDFNJURXQG��EL�GLUHFWLRQDO�DQG�VFDOLQJ�HIIHFWV�

7KH� YHJHWDWLRQ� ZLOO� EH� PRQLWRUHG� WKURXJK� D� SHUWLQHQW� ELRSK\VLFDO� YDULDEOH� GLUHFWO\� UHODWHG� WR

UDGLDWLYH�WUDQVIHU�LQ�WKH�FDQRS\��WKH�JDS�IUDFWLRQ��SUREDELOLW\�WR�VHH�WKH�VRLO�IURP�D�JLYHQ�GLUHFWLRQ��

7KLV� YDULDEOH� FDQ� EH� HDVLO\� PHDVXUHG� DW� JURXQG� OHYHO�� DQG� XVHG� WR� FRPSXWH� FDQRS\� FRYHU� �JDS

IUDFWLRQ�REVHUYHG� IURP�QDGLU���FDQRS\� OLJKW� LQWHUFHSWLRQ�RU�DEVRUSWLRQ�HIILFLHQF\� �$3$5��DV�ZHOO� DV

DOEHGR�

7KH�VSDWLDO�VFDOH�DGGUHVVHG�LQ�WKLV�SURSRVDO�ZLOO�FRUUHVSRQG�WR�9(*(7$7,21�VSDWLDO�UHVROXWLRQ�WKDW

DOORZV� DQ� H[KDXVWLYH� FRYHUDJH� RI� ODUJH� DUHDV�� 7KH� WHPSRUDO� VFDOH� ZLOO� FRUUHVSRQG� WR� VKRUW� WLPH

SHULRGV�GXULQJ�ZKLFK�WKH�EL�GLUHFWLRQDO�SURSHUWLHV�DUH�VXIILFLHQWO\�VDPSOHG�ZKLOH�WKH�YHJHWDWLRQ�GLG

QRW�FKDQJH�VLJQLILFDQWO\��,W�FRUUHVSRQGV�WR����RU����GD\V�SHULRGV�

:H�ZLOO�PDLQO\�IRFXV�RQ�DJULFXOWXUDO�ODQGVFDSHV�EHFDXVH�VLPXODWLRQ�DQG�YDOLGDWLRQ�DUH�PRUH�HDV\�WR

FRPSOHWH�� +RZHYHU�� SRWHQWLDO� VXFFHVVIXO� DSSOLFDWLRQV� WR� QDWXUDO� HFRV\VWHPV� DUH� H[SHFWHG�� 7KH

DOJRULWKP� GHYHORSHG� ZLOO� KRSHIXOO\� SURYLGH� DOVR� D� ZD\� WR� V\QWKHVLVH� WKH� VSHFWUDO�� WHPSRUDO� DQG

GLUHFWLRQDO� GDWD� UHFRUGHG� E\� 9(*(7$7,21� EXW� DOVR� E\� RWKHU� V\VWHPV� VXFK� DV� 12$$� $9+55�

32/'(5�� 0(5,6�� 02',6�� 0,65�� $765�� 0(7(26$7���7KLV� ZLOO� DOORZ� ERWK� WR� FRPSDUH� WKH

SHUIRUPDQFHV� RI� 9(*(7$7,21� WR� WKRVH� RI� RWKHU� VHQVRUV�� EXW� DOVR� WR� LQYHVWLJDWH� D� ZD\� WR� XVH

FRQFXUUHQWO\�DOO�WKHVH�VRXUFHV�RI�LQIRUPDWLRQ�

7KH�DSSURDFK�HQYLVLRQHG�LV�EDVHG�RQ�H[LVWLQJ�PRGHOV�GHVFULELQJ�WKH�SK\VLFDO�SURFHVVHV�LQYROYHG�LQ

OLJKW�WUDQVIHU�LQ�WKH�DWPRVSKHUH�DQG�FDQRSLHV��7KH�VWXG\�ZLOO�EH�VSOLW�LQ�IRXU�VXFFHVVLYH�SDUWV�

&RQVWUXFWLRQ�RI�WKH�GDWD�EDVH�PDGH�RI�VHYHUDO�VFHQHV�UHSUHVHQWDWLYH�RI�W\SLFDO�ODQGVFDSHV��7KH�RSWLFDO

�VSHFWUDO� DQG� GLUHFWLRQDO�� SURSHUWLHV� RI� HDFK� REMHFW� LQ� WKH� VFHQH� ZLOO� EH� VLPXODWHG� XVLQJ� HLWKHU

FDQRS\�IXQFWLRQLQJ�PRGHOV�FRXSOHG�WR�FDQRS\�UHIOHFWDQFH�PRGHOV�RU� WR�DUFKLYH�GDWD�ZKHQ�PRGHOV

DUH� QRW� DYDLODEOH�� 7KH� 9(*(7$7,21� SL[HO� UHVSRQVH� ZLOO� WKHQ� EH� VLPXODWHG� E\� VXPPLQJ� WKH

FRQWULEXWLRQ�RI�HDFK�REMHFW�LQ�WKH�SL[HO��DIWHU�DFFRXQWLQJ�IRU�WKH�HIIHFW�RI�WKH�DWPRVSKHUH��:H�ZLOO�LQ

SDUDOOHO�VLPXODWH�WKH�JDS�IUDFWLRQ�DW�9(*(7$7,21�VFDOH�DV�ZHOO�DV�WKH�UHIOHFWDQFH�RI�D���EODFN���SL[HO

IRU�DWPRVSKHULF�FRUUHFWLRQV��7KH�GDWD�EDVH�� LQLWLDOO\�EXLOW�ZLWK�9(*(7$7,21�SHFLILFDWLRQV�� FDQ�EH

DGDSWHG� WR� PDWFK� RWKHU� VHQVRUV� VXFK� DV� 12$$� $9+55�� 7KLV� ZLOO� DOORZ� WR� VWXG\� WKH� SRWHQWLDO

FRPSOHPHQWDU\�EHWZHHQ�WKHVH�V\VWHPV�

5HODWLQJ�WKH�WHPSRUDO�VWULQJ�RI�UDGLRPHWULF�GDWD�WR�WKH�JDS�IUDFWLRQ��7KH�DOJRULWKP�ZLOO�FRQVLVW�WR�UHODWH

WKH� LQSXW� GDWD� �UHIOHFWDQFH� DV� D� IXQFWLRQ� RI� WLPH� DQG� FRQILJXUDWLRQ�� DQG� WKH� DVVRFLDWHG� �� EODFN� �

SL[HO� YDOXH�� DQG�RXWSXW�GDWD� �WKH�JDS� IUDFWLRQ���:H�SURSRVH� WR� H[SORLW� WKH� HIILFLHQW� FDSDELOLWLHV� RI

QHXUDO�QHWZRUNV�WR�HVWDEOLVK�WKH�UHODWLRQVKLS�

9DOLGDWLRQ�RI� WKH�DOJRULWKP�RQ�DLUERUQH�DQG�VDWHOOLWH�GDWD��:H�ZLOO� HYDOXDWH� WKH�DSSURDFK�GHYHORSHG

XVLQJ�DLUERUQH�32/'(5�GDWD�DFTXLUHG�LQ������GXULQJ�D���PRQWKV�H[SHULPHQW�FRQFXUUHQWO\�WR�12$$

$9+55�GDWD���7KH�WHVW�VLWH�ZLOO�EH�WKH�&UDX�VLWH��VRXWK�HDVW�RI�)UDQFH��WKDW�ZLOO�EH�DOVR�VKDUHG�DV�D

WHVW�VLWH�IRU�RWKHU�SURSRVDOV�

(YDOXDWLRQ�RI�9(*(7$7,21�SHUIRUPDQFHV�DQG�V\QHUJ\�ZLWK�RWKHU�VHQVRUV��7KH�DOJRULWKP�GHYHORSHG

IRU�9(*(7$7,21�ZLOO� EH� FRPSDUHG� WR� DFWXDO� FRPSRVLWLQJ� DOJRULWKP�XVHG� LQ� WKH�9*7�6� SURGXFWV�

%HFDXVH� WKH� DSSURDFK� FDQ� EH� DGDSWHG� WR� DQ\� VHQVRUV��ZH�ZLOO� EH� DEOH� WR� FRPSDUH�9(*(7$7,21

SHUIRUPDQFHV� WR� WKRVH� RI� RWKHU� VHQVRUV� �12$$�$9+55�� ������ :H� ZLOO� DOVR� HYDOXDWH� WKH� LQWHUHVW� RI

VSHFLILFLWLHV� VXFK� DV� 9(*(7$7,21
V� EOXH� EDQG�� +RZHYHU�� PRUH� LPSRUWDQW� LV� WKH� SRVVLELOLW\� WR

SURYLGH�DQ�LQWHJUDWHG�DOJRULWKP�WKDW�FRXOG�DVVLPLODWH�GDWD�IURP�GLIIHUHQW�RSWLFDO�VHQVRUV�WR�LQFUHDVH

WKH�EL�GLUHFWLRQDO�WHPSRUDO�VSHFWUDO�VDPSOLQJ�RI� WKH� WDUJHWV�� ,Q� WKLV� VWXG\�ZH�ZLOO� LQYHVWLJDWH� WKH

FRPSOHPHQWDU\�EHWZHHQ�9(*(7$7,21�DQG�12$$�$9+55�
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3RWHQWLDO�RI�9(*(7$7,21�GDWD�XVHG�LQ�FRPELQDWLRQ�ZLWK�RWKHU�VHQVRUV�IRU�WKH

PRQLWRULQJ�RI�IRUHVWV�DW�D�UHJLRQDO�VFDOH�

3ULQFLSDO�,QYHVWLJDWRU� -3�/$*28$5'(��,15$�%RUGHDX[�)UDQFH�

&R�LQYHVWLJDWRUV� '�*X\RQ��<�%UXQHW��3�%HUELJLHU��,15$�%RUGHDX[��

<�.HUU��/(576�&(6%,2�7RXORXVH�

7ZR�H[SHULPHQWDO�REMHFWLYHV�DUH� IROORZHG� LQ�WKLV�SURSRVDO�ZKLFK� IRFXVVHV�RQ�JOREDO�PRQLWRULQJ�RI

IRUHVWV�

7KH�ILUVW�REMHFWLYH�LV�WR�VWXG\�WKH�VLJQLILFDWLRQ�RI�WKH�9(*(7$7,21�FKDQQHOV�DQG�HVSHFLDOO\�6:,5�DW

�� NP� UHVROXWLRQ� DV� LW� ZLOO� EH� SURYLGHG� E\� WKH� 9(*(7$7,21� LQVWUXPHQW�� $� SDUW� RI� WKH� ZRUN� ZLOO

FRQVLVW�LQ�JHQHUDWLQJ�VLPXODWHG�9(*(7$7,21�GDWD�RYHU�GLIIHUHQW� W\SHV�RI�FRQLIHURXV� IRUHVWV�XVLQJ

GHJUDGDWLRQ� WHFKQLTXHV�RQ�D�70�DUFKLYH�DYDLODEOH�DW� WKH� ODERUDWRU\��7KH� H[SHULPHQWDO� VLWH� LV� WKH

/DQGHV�IRUHVW�LQ�WKH�VRXWKZHVWHUQ�)UDQFH��DQG�SDUWLFXODUO\�WKH�1H]HU�IRUHVW�ZKLFK�KDV�EHHQ�D�WHVW

VLWH�IRU�WKH�ODERUDWRU\�VLQFH�������$Q�LPSRUWDQW�GDWDEDVH�RI�JURXQG�LQIRUPDWLRQ�LV�DYDLODEOH�RQ�WKLV

VLWH�� 7KH� YDULDELOLW\� LQGXFHG� DW� �� NP�� E\� WKH� IRUHVW� VWUXFWXUH� �PL[WXUH� RI� VWDQGV�� FOHDULQJV� DQG

WKLQQLQJV�� ZLOO� EH� DQDO\VHG�� XVLQJ� JHRVWDWLVWLFV�� 6:,5� $765�� GDWD� �DV� VRRQ� DV� DYDLODEOH�� LQ� WKH

SUHODXQFK� SKDVH�� DQG� FRPELQHG� 9(*(7$7,21�+59,5� VFHQHV� LQ� WKH� SRVW�ODXQFK� SKDVH�� ZLOO� EH

XVHG�WR�YDOLGDWH� WKH�UHVXOWV�DJDLQVW�DFWXDO�GDWD��7KH�H[SHFWHG� UHVXOWV�GHDO�ZLWK� WKH�HYDOXDWLRQ�RI

LPSURYHPHQWV�EURXJKW� E\� WKH� 6:,5� FKDQQHOV� IRU� ODUJH� VFDOH� FKDUDFWHUL]DWLRQ� RI� IRUHVW� W\SHV� DQG

JOREDO�PRQLWRULQJ�DW�UHJLRQDO�VFDOH��,Q�WKLV�SKDVH��WKH�VWXG\�RI�WKH�VSDWLDO�LQWHJUDWLRQ�SURFHVVHV�DW��

NP��VFDOH�LV�SULYLOHJLDWHG��7KH�H[SHFWHG�UHVXOWV�VKRXOG�FRQWULEXWH�WR�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH

FRPSOHPHQWDULW\� EHWZHHQ� 9(*(7$7,21� �KLJK� WHPSRUDO�ORZ� VSDWLDO� UHVROXWLRQ�� DQG� 6327�+59,5

�KLJK�VSDWLDO�ORZ�WHPSRUDO�UHVROXWLRQ��GDWD�

7KH�VHFRQG�REMHFWLYH�RI� WKH�SURSRVDO� LV�GHYRWHG� WR� WKH�JOREDO�PRQLWRULQJ�RI� IRUHVWV� �GHFLGXRXV�DV

ZHOO�DV�FRQLIHURXV��DW�WKH�UHJLRQDO�VFDOH��,Q�WKLV�FDVH��WKH�WHPSRUDO�HYROXWLRQ�DVSHFWV�ZLOO�EH�FOHDUO\

SULYLOHJLDWHG�� 7KH� HYROXWLRQ� WURXJKRXW� WLPH� RI� WKH� YLVLEOH� DQG� ,5� FKDQQHOV� LV� UHODWHG� WR� ERWK

SKHQRORJLFDO� DQG� YHJHWDWLRQ� JURZWK�� DV� ZHOO� DV� WR� K\GULF� IDFWRUV�� 7KH� VLPXOWDQHRXV� WHPSRUDO

YDULDWLRQV�RI�9(*(7$7,21�FKDQQHOV�DQG�LQGLFHV��1'9,�����ZLWK�K\GULF�FRQGLWLRQV��FKDUDFWHUL]HG�E\

WKH�ZD\�RI� VXUIDFH� WHPSHUDWXUH��ZLOO� EH�DQDO\VHG��)RU� WKLV�SXUSRVH�� D�12$$�$9+55� DUFKLYH� RI� �

GD\�VFDOH�V\QWKHVLV�RI�1'9,�DQG�7V��DUFKLYH�EXLOW�E\�WKH�&1(6�RYHU�WKH�SHULRG������������ZLOO�EH

DQDO\VHG� ILUVW�� ZH� VKDOO� HYDOXDWH� WKH� LQWHUHVW� RI� DJURPHWHRURORJLFDO� LQGLFHV� VXFK� DV� Ð�7V�7D�

FRPELQLQJ�WKH�VXUIDFH�WHPSHUDWXUH�ZLWK� WKH�DLU� WHPSHUDWXUH�DW� D� IHZ� WHQWKV�RI�PHWHUV�DERYH� WKH

YHJHWDWLRQ�IRU�DVVHVVLQJ�WKH�ZDWHU�VWDWXV�RI�WKH�IRUHVWV��7KH�DFTXLVLWLRQ�RI�D�$765��$9+55�GDWD�VHW

RQ�D�GDLO\�EDVLV�ZLOO�DOORZ�WR� LPSURYH�WKH�SURSRVHG�PHWKRGV��(VSHFLDOO\�� LQ� WKLV�SDUW� RI� WKH�ZRUN�

HVWLPDWLRQV� RI� DFWXDO� HYDSRWUDQVSLUDWLRQ� ZLOO� EH�PDGH� XVLQJ� GHWHUPLQLVWLF� PRGHOV�� 0RUHRYHU� WKH

SRWHQWLDO�RI�VHYHUDO�LQGLFHV�SRVVLEO\�LQWHJUDWLQJ�WKH�6:,5�FKDQQHO�ZLOO�EH�VWXGLHG��7KH�ODVW�VWHS�ZLOO

EH�D� YDOLGDWLRQ�SHUIRUPHG�RQ�D�9(*(7$7,21�VHW�RI�GDWD��7KH� DVVLPLODWLRQ� RI�PHDVXUHPHQWV� DW� D

UHJLRQDO� VFDOH� RI� YLVLEOH� DQG� LQIUDUHG� �1,5�� 6:,5�� FKDQQHOV�� DQG� GHULYHG� LQGLFHV� FRPELQHG� ZLWK

HVWLPDWLRQV�RI�HYDSRWUDQVSLUDWLRQ�GHULYHG� IURP�7,5�DUH�H[SHFWHG�WR� LPSURYH�SURGXFWLRQ�PRGHOV� LQ

WKH�IXWXUH�
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8WLOL]DWLRQ�RI�9(*(7$7,21�GDWD�WR�H[WUDFW�HIIHFWLYH�YHJHWDWLRQ�SDUDPHWHUV�RI

KHWHURJHQHRXV�VXUIDFHV

3ULQFLSDO�,QYHVWLJDWRU� -��4,��86'$�$56�3KRHQL[�$=�86$�

&R�LQYHVWLJDWRUV� <�.HUU��/(576�&(6%,2�7RXORXVH��

6��0RUDQ��86'$�$56�3KRHQL[��

*�&KHKERXQL��256720�-3/�3DVDGHQD�

9HJHWDWLRQ� LV� D�NH\�SDUDPHWHU� LQ� WKH� IXQFWLRQLQJ� RI� � K\GURORJLFDO� SURFHVVHV� RFFXUULQJ�ZLWKLQ� WKH

HDUWK�DWPRVSKHUH� LQWHUIDFH� DQG� LV�� WKHUHIRUH�� D� VHQVLWLYH� LQGLFDWRU� IRU� HQYLURQPHQWDO� DQG� JOREDO

FKDQJHV��&RQWLQXRXV�PRQLWRULQJ�RI�YHJHWDWLRQ�YDULDWLRQ�DW�UHJLRQDO� WR�JOREDO�VFDOH� �ZRXOG�SURYLGH

XVHIXO�FOXHV�FRQFHUQLQJ�RXU�FKDQJLQJ�HQYLURQPHQW��5HPRWH�VHQVLQJ�SURYLGHV�D�PHDQV�WR�PRQLWRU

FKDQJHV�LQ�WKH�DPRXQW�RI�YHJHWDWLRQ�LQ�D�TXDOLWDWLYH�PDQQHU�IRU�KRPRJHQRXV�VXUIDFHV��4XDQWLWDWLYH

HVWLPDWHV�RI�YHJHWDWLRQ�RI�HVSHFLDOO\�KHWHURJHQHRXV�VXUIDFHV�DUH�WR�EH�HVWDEOLVKHG�LQ�RUGHU�WR�IXOO\

XQGHUVWDQG� DQG� SUHGLFW� WKH� IXWXUH� WUHQG� RI� RXU� FKDQJLQJ� HQYLURQPHQW�� 7KH� 9(*(7$7,21

LQVWUXPHQW�WR�EH�LQFOXGHG�RQ�ERDUG�WKH�6327���VDWHOOLWH�ZRXOG�SURYLGH�D�XQLTXH�GDWD�VHW�GXH�WR�LWV

IUHTXHQW�DQG� ODUJH� VSDWLDO� FRYHUDJH�� VHQVLWLYH� VSHFWUDO�EDQGV� IRU� YHJHWDWLRQ� DQG� DWPRVSKHUH�� DQG

SDUWLFXODUO\� LWV� PXOWLGLUHFWLRQDO� FDSDELOLW\�� 7KH� 9(*(7$7,21� GDWD� ZLOO� FRQVHTXHQWO\� SURYLGH

VFLHQWLVWV�DQ�RSSRUWXQLW\� WR� IXOO\� LQYHVWLJDWH� WKH� IHDVLELOLW\�RI�TXDQWLWDWLYHO\�H[WUDFWLQJ�SK\VLFDO�RU

ELRSK\VLFDO�SURSHUWLHV�RI�WHUUHVWULDO�ODQG�VXUIDFHV��,Q�WKLV�SURMHFW��ZH�SURSRVH�DQ�LQYHVWLJDWLRQ�WKDW

XWLOL]HV� WKH� 9(*(7$7,21� GDWD� WR� TXDQWLWDWLYHO\� HVWLPDWH� VXUIDFH� SK\VLFDO� SDUDPHWHU� VXFK� DV

YHJHWDWLRQ� SHUFHQWDJH� FRYHU� DQG� OHDI� DUHD� LQGH[� �/$,�� DQG� GHYHORS� DQ� RSHUDWLRQDO� DSSURDFK� WR

PRQLWRU� YHJHWDWLRQ�DW� UHJLRQDO� WR� JOREDO� VFDOHV��:H�ZLOO�XVH�ZHOO�FRQWUROOHG� JURXQG� GDWD� VHWV� DQG

VDWHOOLWH� GDWD� WR� ILUVW� TXDQWLI\� WKH� QRLVH� OHYHOV� IURP� DWPRVSKHUH� DQG� VRLO� EDFNJURXQG�� DQG� %5')

PRGHOV�WR�TXDQWLI\�WKH�ELGLUHFWLRQDO�HIIHFW��,Q�D�VHFRQG�VWHS��ZH�ZLOO�GHILQH�HIIHFWLYH�VXUIDFH�SK\VLFDO

SDUDPHWHUV� DW� UHJLRQDO� WR� JOREDO� VFDOHV� DQG� HVWDEOLVK� D� TXDQWLWDWLYH� UHODWLRQVKLS� EHWZHHQ� WKH

HIIHFWLYH� VXUIDFH� SK\VLFDO� SDUDPHWHUV� DQG� 9(*(7$7,21� GDWD� E\� PRGHOLQJ� SK\VLFDO� SURFHVVHV� RI

UDGLDWLRQ�UHJLPH�ZLWKLQ�WKH�HDUWK�DWPRVSKHUH�LQWHUIDFH��7KH�DSSURDFK�ZLOO�EH�VLPSOH�DQG�ZLWKLQ�D

UHDVRQDEOH� QRLVH� OHYHO�� WR� DOORZ� DQ� RSHUDWLRQDO� XVH� RI� 9(*(7$7,21�GDWD� SURGXFWV� IRU� YHJHWDWLRQ

PRQLWRULQJ��7KH�RXWFRPH�RI� WKLV�SURMHFW�ZLOO� EH� WKUHH�IROG�� JHQHUDWLRQ�RI� DQ�RSHUDWLRQDO� DOJRULWKP

VSHFLILFDOO\�GHVLJQHG�WR�TXDQWLWDWLYHO\�H[WUDFW�VXUIDFH��KHWHURJHQHRXV��SK\VLFDO�SDUDPHWHUV�ZLWK�WKH

9(*(7$7,21� GDWD� VHWV�� GHILQLWLRQ� RI� HIIHFWLYH� VXUIDFH� SDUDPHWHUV� UHWULHYDEOH� ZLWK� 9(*(7$7,21

GDWD��DQG�TXDQWLILFDWLRQ�RI�QRLVH�OHYHOV�
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/DQG�FRYHU�FKDQJHV�LQ�$IULFD���0XOWLWHPSRUDO�FKDQJH�YHFWRU�DQDO\VLV�DW�FRDUVH

VFDOH�DQG�FKDQJH�SURFHVVHV�FDWHJRULVDWLRQ�ZLWK�KLJK�VSDWLDO�UHVROXWLRQ�GDWD

3ULQFLSDO�,QYHVWLJDWRU� (� /$0%,1� �/DE� 7pOpGpWHFWLRQ�� 8QLY� &DWKROLTXH� /RXYDLQ� %HOJLXP�

&R�LQYHVWLJDWRUV� -�:LOPHW��8QLY�&DWKROLTXH�/RXYDLQ�

$� FKDQJH� GHWHFWLRQ� WHFKQLTXH� EDVHG� RQ� WKH� FRPSDULVRQ�� SL[HO� E\� SL[HO�� RI� WKH� WLPH� WUDMHFWRU\� RI

UHPRWHO\� VHQVHG� YDULDEOHV� �H�J�� YHJHWDWLRQ� LQGLFHV�� VXUIDFH� WHPSHUDWXUH�� VSDWLDO� VWUXFWXUH��� ZDV

GHYHORSHG� UHFHQWO\� E\� /DPELQ� DQG� 6WUDKOHU� ������ D�� E�� DV� SDUW� RI� 1$6$
V�02',6� SURJUDP�� 7KLV

WHFKQLTXH�UHTXLUHV�KLJK�WHPSRUDO�IUHTXHQF\�GDWD��'HWHFWLQJ�FKDQJH�LQ�ODQG�FRYHU�LV�LPSRUWDQW�IRU�D

QXPEHU� RI� DSSOLFDWLRQV� �� H�J�� DJULFXOWXUDO� FKDQJH�� WURSLFDO� GHIRUHVWDWLRQ�� GHVHUWLILFDWLRQ�

XUEDQLVDWLRQ��HFRORJLFDO�LPSDFW�RI�FOLPDWLF�FKDQJH��+RZHYHU��LQ�PRVW�FDVHV��WKH�VLPSOH�GHWHFWLRQ�RI

DUHDV�VXEMHFWHG�WR�FKDQJH�PXVW�EH�IROORZHG�E\�DQ�DFFXUDWH�PHDVXUHPHQW�RI�WKH�UDWH�RI�FKDQJH�DQG

D�FKDUDFWHULVDWLRQ�RI� WKH�SURFHVVHV�RI�FKDQJH��7KHVH� ODWWHU� WDVNV�DUH�PXFK�EHWWHU�SHUIRUPHG�ZLWK

ILQH� UDWKHU� WKDQ� FRDUVH� VSDWLDO� UHVROXWLRQ� GDWD�� 7KH� IXWXUH� 6327�9(*(7$7,21� V\VWHP� KDV� WKH

SRWHQWLDO�WR�DOORZ�D�SHUPDQHQW��JOREDO�VFDOH�PRQLWRULQJ�RI�ODQG�FRYHU�FKDQJH�DW�D�FRDUVH�UHVROXWLRQ

DFFRPSDQLHG�E\�D�GHWDLOHG�DQDO\VLV�RI�WKH�PDJQLWXGH�DQG�VSDWLDO�DVSHFWV�RI�FKDQJH�SURFHVVHV�DW�D

ILQH� UHVROXWLRQ�� ZKHUHYHU� DQ� DUHD� RI� LPSRUWDQW� FKDQJH� KDV� EHHQ� GHWHFWHG�� ,Q� WKLV� SURMHFW�� LW� LV

SURSRVHG�WR���L��WHVW�DQG�DGDSW�WKH�PXOWLWHPSRUDO�FKDQJH�YHFWRU�PHWKRG�WR�WKH�9(*(7$7,21�GDWD�

�LL��H[SORUH� WKH�FRPSOHPHQWDULW\�RI� WKH� ORZ� UHVROXWLRQ�GDWD� �� IRU� FKDQJH�GHWHFWLRQ� ��ZLWK� WKH�KLJK

UHVROXWLRQ�GDWD���IRU�FKDQJH�PHDVXUHPHQW�DQG�FDWHJRULVDWLRQ�

7KHVH�WHFKQLTXHV�ZLOO�EH�WHVWHG�RYHU�:HVW�$IULFD��7KLV�UHVHDUFK�ZLOO�EH�OLQNHG�WR�RQ�JRLQJ�UHVHDUFK

DFWLYLWLHV�E\�D�UHVHDUFK�QHWZRUN� ��+XPDQ�&DSLWDO�0RELOLW\���ZKLFK� LQFOXGHV�WKH� LQYHVWLJDWRUV�� 7KH

REMHFWLYH�RI�WKLV�QHWZRUN�LV�WR�EXLOG�D�UHJLRQDO�HFRV\VWHP�PRGHO�IRU�:HVW�$IULFD�WR�UHODWH�ODQG�FRYHU

FKDQJHV�WR�FOLPDWH�FKDQJHV�E\�TXDQWLI\LQJ�WKH�IOX[HV�EHWZHHQ�WKH�VXUIDFH�DQG�WKH�DWPRVSKHUH��7KH

UHVHDUFK�ZLOO�DOVR�EH�OLQNHG�WR�FXUUHQW�02',6�/DQG�UHVHDUFK�DFWLYLWLHV�RQ�WKH�GHYHORSPHQW�RI� WKH

�/DQG�FRYHU�FKDQJH��SURGXFW�

7KLV�UHVHDUFK�ZLOO�EXLOG�RQ�WKH�XQLTXH�RSSRUWXQLW\� IRU� ODQG�FRYHU�FKDQJH�DQDO\VLV� WR�FROOHFW�� IURP

WKH�VDPH�VDWHOOLWH�V\VWHP��IUHTXHQW�ORZ�UHVROXWLRQ�GDWD�ZLWK�D�JOREDO�FRYHUDJH�DQG� ILQH�UHVROXWLRQ

GDWD�ZHOO�IRFXVHG�RYHU�WKH�]RQHV�ZKHUH�VLJQLILFDQW�SURFHVVHV�KDYH�EHHQ�GHWHFWHG�
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(VWLPDWLRQ�RI�VXUIDFH�YDULDEOHV�DW�WKH�VXESL[HO�OHYHO�IRU�XVH�DV�LQSXW�WR�FOLPDWH

DQG�K\GURORJ\�PRGHOV

3ULQFLSDO�,QYHVWLJDWRU� -3�)257,1��,156�(DX�6DLQWH�)R\�4XpEHF�&DQDGD�

&R�LQYHVWLJDWRUV� 0�%HUQLHU��,156�(DX�6DLQWH�)R\�

7KH� JHQHUDO� REMHFWLYHV� RI� WKH� VWXG\� DUH� �D�HVWLPDWLRQ� RI� VXUIDFH� YDULDEOHV� XVLQJ� GDWD� IURP� D�PHGLXP
VSDWLDO�UHVROXWLRQ�DQG�KLJK�IUHTXHQF\��UHPRWH�VHQVLQJ�VHQVRU�LQ�RUELW�DQG��E��LQFUHDVH�DFFXUDF\�RI�VSDWLDO
SRVLWLRQLQJ�IRU�PXOWLWHPSRUDO�DQDO\VLV�RI�GDWD�

'HULYHG�IURP�WKRVH�DUH�WKH�IROORZLQJ�VSHFLILF�REMHFWLYHV���D��HVWLPDWLRQ�RI�WKH�SHUFHQWDJH�RI�YDULRXV�ODQG
FRYHUV�ZLWKLQ�HDFK�SL[HO���E��HVWLPDWLRQ�DW�WKH�VXE�SL[HO�OHYHO�RI�WKH�VSDWLDO�GLVWULEXWLRQ�RI�VQRZ�FRYHU�RQ
WKH�JURXQG�DQG�RWKHU�SK\VLFDO� YDULDEOHV� RI� WKH� VXUIDFH�� FRUUHVSRQGLQJ� WR� HDFK� ODQG� FRYHU�ZLWKLQ� WKH
SL[HO�� WKH�DOEHGR� IRU� H[DPSOH�� �F��DV�DFFXUDWH� DV� SRVVLEOH� SRVLWLRQLQJ� RI� WKH� LPDJHV� IRU�PXOWLWHPSRUDO
LQSXW�LQWR�DQ�VSDWLDOO\�GLVWULEXWHG�K\GURORJLFDO�PRGHO�XVLQJ�JHRFRGHG�GDWD�

)RU� WKH�SUH�ODXQFK�SKDVH�� WKH�SURSRVHG� LQYHVWLJDWLRQ�ZLOO� FRQVLVW� LQ� VLPXODWLQJ� ILUVW�9*7�DQG�+59,5
GDWD� IURP� 70� GDWD�� WKH� GLIIHUHQFHV� LQ� EDQGZLGWK� EHLQJ� DFFHSWDEOH� IRU� RXU� SXUSRVHV�� 7KHQ�� DIWHU
UDGLRPHWULF�FRUUHFWLRQ�RI�WKH�VLPXODWHG�GDWD�IRU�DWPRVSKHULF�DQG�GLUHFWLRQDO�HIIHFWV��WKH�DQDO\VLV�RI�GDWD
ZLOO�FRQVLVW�ILUVW�LQ�WKH�HVWLPDWLRQ�RI�VXE�SL[HO�ODQG�FRYHU�FKDUDFWHULVWLFV�OLNH�DOEHGR��XVLQJ�D�SURFHGXUH
GHYHORSHG�DW� ,156�($8�DQG�VLPLODU� WR� WKH�DSSURDFK�XVHG� LQ� WKH� VSHFWUDO�PL[WXUH�PHWKRG��7KH�VDPH
SURFHGXUH� DOORZV� EHWWHU� SRVLWLRQLQJ� RI� PHGLXP� UHVROXWLRQ� GDWD� DQG� WKLV� LQFUHDVH� DFFXUDF\� ZLOO� EH
VWXGLHG��$OVR��XVLQJ� WKH� VSHFWUDO�PL[WXUH�PHWKRGRORJ\�� WKH�SHUFHQWDJH� RI� HDFK� ODQG� FRYHUV� RQ�PL[HG
SL[HO� ZLOO� EH� HVWLPDWHG�� ZLWK� UHJDUGV� IRU� WKH� W\SHV� RI� ODQG� FRYHUV� WKDW� OHDG� WR� VLJQLILFDQWO\� GLIIHUHQW
K\GURORJLFDO� HIIHFWV�� )LQDOO\�� WKH� VSDWLDO� GLVWULEXWLRQ� RI� VQRZ� FRYHU� ZLOO� EH� HVWLPDWHG� ZLWK� WKH� VDPH
PHWKRGRORJ\��ZLWK�SDUWLFXODU�HPSKDVLV�RQ�IRUHVWHG�DUHDV�

7KH�VDPH�W\SH�RI�DQDO\VHV�ZLOO� EH�SHUIRUPHG�RQ�DFWXDO�9*7�DQG�+59,5�GDWD�GXULQJ� WKH�SRVW�ODXQFK
SKDVH��$OVR��D�FRPSDULVRQ�ZLOO�EH�PDGH�ZLWK�$9+55�GDWD�WR�DVVHVV�WKH�DGYDQWDJHV�RI�9*7�GDWD�RYHU
$9+55�GDWD�

7KH�H[SHFWHG�UHVXOWV�DUH���D��D�PXFK�EHWWHU�SRVLWLRQLQJ�DFFXUDF\�RI� WKH�SL[HOV�RI�D�PHGLXP�UHVROXWLRQ
VHQVRU� OLNH� WKH�9*7��ZKLFK�ZLOO� EH� YHU\� LPSRUWDQW� IRU�PXOWLVFDOH��PXOWLWHPSRUDO� VWXGLHV�� �E�� D� EHWWHU
PXOWLWHPSRUDO�HVWLPDWLRQ�RI�WKH�HYROXWLRQ�ZLWK�WLPH�RI�VXUIDFH�FKDUDFWHULVWLFV��DOEHGR��������RI�YDULRXV�ODQG
FRYHUV�IRU�PL[HG�SL[HOV��EHFDXVH�RI�LQFUHDVH�SRVLWLRQLQJ�DFFXUDF\���F��D�EHWWHU�PXOWLWHPSRUDO�HVWLPDWLRQ
RI�WKH�SHUFHQWDJHV�RI�HDFK�ODQG�FRYHU�RQ�HDFK�PL[HG�SL[HO���G��D�EHWWHU�PRQLWRULQJ�RI�WKH�YDULDWLRQ�LQ�WKH
VSDWLDO�GLVWULEXWLRQ�RI�VQRZ�FRYHU�ZLWK�WLPH��GXULQJ�WKH�6SULQJ�PHOW�

,W� VKRXOG� EH� SRVVLEOH� WR� XVH� WKH� UHVXOWV� LQ� SURMHFWV� UHODWHG� WR� WKH� REMHFWLYHV� RI� WKH�PLVVLRQ�� QDPHO\
VXUIDFH�PDSSLQJ� RI� VXUIDFH� SDUDPHWHUV� DQG�PRQLWRULQJ� RI� WKHLU� G\QDPLFV� IRU� WKH� HVWLPDWLRQ� RI� WKHLU
VHDVRQDO�DQG�ORQJ�WHUP�YDULDWLRQV�DV�ZHOO�DV�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKHVH�SURFHVVHV�IRU�WKHLU�XVH�LQ
K\GURORJLFDO�DQG�JHQHUDO�FLUFXODWLRQ�PRGHOV�
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,PSURYHG� $WPRVSKHULF� &RUUHFWLRQV� DQG� 'DWD� &RPSRVLWLQJ� IRU� 6XUIDFH

5HIOHFWDQFH�5HWULHYDO

3ULQFLSDO�,QYHVWLJDWRU� 0�/(52<��/(576�&(6%,2�7RXORXVH�)UDQFH�

&R�LQYHVWLJDWRUV� *��'HGLHX��/(576��

-/�5RXMHDQ��&150�7RXORXVH��

'�7DQUp��/2$�/LOOH�

7KLV�LQYHVWLJDWLRQ�DLPV�DW�DQ�LPSURYHPHQW�RI�WKH�SURGXFWV�GHOLYHUHG�E\�WKH�9(*(7$7,21�V\VWHP�

DQG� IDOOV� LQ� WKH� FDWHJRU\�RI�SURSRVDOV� HQWLWOHG� �GHYHORSPHQW� RI� QHZ� SURFHGXUHV� RU� WHFKQLTXHV� IRU

KDQGOLQJ�DQG�DQDO\VLV�RI�PXOWLVSHFWUDO��PXOWLWHPSRUDO�RU�PXOWLVFDOH�GDWD�DFTXLUHG�E\�9(*(7$7,21

DQG�RWKHU�VHQVRUV���7KH�IRUHVHHQ�LPSURYHPHQW�RI�SURGXFWV�FRQFHUQV�WKH�DOJRULWKPV�RI�DWPRVSKHULF

FRUUHFWLRQV�DQG�RI�WKH�WHPSRUDO�FRPSRVLWLQJ�RI�VXFFHVVLYH�VHQVRU�DFTXLVLWLRQV�

$WPRVSKHULF� FRUUHFWLRQV�� ,QDFFXUDFLHV� RI� DWPRVSKHULF� FRUUHFWLRQ� SURFHGXUHV� OHDG� WR� VLJQLILFDQW

HUURUV�RQ�VXUIDFH�UHIOHFWDQFHV�UHWULHYHG�IURP�WKH�VHQVRU�PHDVXUHPHQWV��7KH�QRPLQDO�9(*(7$7,21

SURGXFWV�DUH�FRUUHFWHG�IURP�DWPRVSKHULF�HIIHFWV�XVLQJ�WKH�60$&�FRGH��5DKPDQ�DQG�'HGLHX��������

LQ� ZKLFK� WKH� ZDWHU� YDSRU�� R]RQH� DQG� DHURVRO� FRQWHQWV� DUH� JLYHQ� E\� D� FOLPDWRORJ\� RU� E\� VRPH

SUHVFULEHG�YDOXH��,W�LV�FOHDU�WKDW�DQ\�HUURU�RQ�WKHVH�FRQWHQWV�WUDQVODWHV�LQWR�D�FRUUHVSRQGLQJ�HUURU

RQ�UHWULHYHG�VXUIDFH� UHIOHFWDQFHV�� ,Q� WKLV�SURSRVDO��ZH�ZLOO� VHHN� WR� LPSURYH� WKH�DFFXUDF\�RI� WKHVH

DWPRVSKHULF� FRQWHQWV��2QH�RI� WKH� LVVXHV� FRQFHUQV� WKH� FKRLFH�RI� VRXUFHV� IRU� WKH�ZDWHU� YDSRU� DQG

R]RQH�FRQFHQWUDWLRQV��:H�ZLOO�FRPSDUH�VLPXODWHG�72$��7RS�2I�WKH�$WPRVSKHUH��UHIOHFWDQFHV�XVLQJ

DV� LQSXW� FOLPDWRORJLF� RU� (&0:)� GDWD� IRU� ZDWHU� YDSRU�� � DQG� XVLQJ� DV� LQSXW� FOLPDWRORJLF� RU

7296�12$$� GDWD� IRU� R]RQH� FRQWHQW�� :H� ZLOO� DOVR� LQYHVWLJDWH� WKH� SRVVLELOLWLHV� RI� XVH� RI� WKH� %�

9(*(7$7,21� EOXH� FKDQQHO�� XVLQJ� VLPXODWLRQV� RI� 72$� UHIOHFWDQFHV� ZLWK� DV� DQ� LQSXW� YDULRXV

VWDWLVWLFDO�GLVWULEXWLRQV�RI�DHURVRO�ORDGLQJ���LQ�RUGHU�WR�VHW�WKUHVKROGV�RQ�WKH�EOXH�72$�UHIOHFWDQFH

DERYH�ZKLFK�VHQVRU�GDWD�VKRXOG�EH�GLVFDUGHG� �VXVSHFWHG�WR�EH�FRQWDPLQDWHG� �E\�DHURVROV���7KHVH

YDULRXV� VWXGLHV� ZLOO� EH� XVHG� WR� UHFRPPHQG� VSHFLILF� SURFHGXUHV� DQG� DOJRULWKPV� RI� DWPRVSKHULF

FRUUHFWLRQV�DW�WKH�HQG�RI�WKH�SUHODXQFK�SKDVH��,Q�WKH�SRVW�ODXQFK�SKDVH��WKHVH�SURFHGXUHV�ZLOO�EH

WHVWHG�RQ�9(*(7$7,21�GDWD�RQ�ZHOO�GRFXPHQWHG�VSHFLILF�VLWHV�IRU�ZKLFK�DWPRVSKHUH�GDWD�IURP�WKH

3+27216� VXQSKRWRPHWHU� QHWZRUN� DUH� DYDLODEOH�� :H� ZLOO� DOVR� HYDOXDWH� GXULQJ� WKLV� SKDVH� WKH

SRVVLELOLW\� RI� RSHUDWLRQDO� XVH� RI� DWPRVSKHULF� SURGXFWV� GHOLYHUHG� E\� WKH� VSDFHERUQH

32/'(5�$'(26� V\VWHP�� VXFK� DV� ZDWHU� YDSRU� FRQFHQWUDWLRQ�� DQG� DHURVRO� RSWLFDO� WKLFNQHVV� DQG

SKDVH�IXQFWLRQ�LQ�WKH�9(*(7$7,21�*URXQG�3URFHVVLQJ�6HJPHQW��

&RPSRVLWLQJ�PHWKRG���7KH�QRPLQDO�9(*(7$7,21�SURGXFWV�ZLOO�XVH�WKH�0D[LPXP�9DOXH�&RPSRVLWH

�09&�� WHFKQLTXH� DV� D� FRPSRVLWLQJ�PHWKRG� RI� WHPSRUDO� VHULHV� RI� GDWD�� 7KLV� FRPSRVLWLQJ� WHQGV� WR

DWWHQXDWH�XQGHVLUDEOH�HIIHFWV�GXH�WR�FORXG�FRQWDPLQDWLRQ�RI�SL[HOV��DQG�DWPRVSKHULF�DQG�GLUHFWLRQDO

HIIHFWV��7KLV�PHWKRG��KRZHYHU��VXIIHUV�D�QXPEHU�RI�GUDZEDFNV��6HYHUDO�DXWKRUV�KDYH�DWWHPSWHG�WR

RYHUFRPH� WKHVH� GUDZEDFNV� DQG� SURSRVHG� PHWKRGRORJLFDO� LPSURYHPHQWV� RI� YDULRXV� DSSURDFKHV�

EDVHG�RQ�HLWKHU�DSSURSULDWH�ILOWHULQJ�DQG�VHOHFWLRQ�RI�GDWD��VXFK�DV�LQ�WKH�%,6(�PHWKRG��9LRY\�HW�DO��

������� RU� RQ� WKH� FRUUHFWLRQ� RI� GLUHFWLRQDO� HIIHFWV� XVLQJ� D� PRGHOOLQJ� RI� WKH� ELGLUHFWLRQDO� DQJXODU

VLJQDWXUH�RI� UHIOHFWDQFHV�� VXFK� DV� LQ� /HUR\� DQG�5RXMHDQ�� ������:H� SURSRVH� WR� HYDOXDWH� DQG� WHVW

WKHVH� YDULRXV� SRVVLELOLWLHV�� 6HYHUDO� DOWHUQDWLYH� �VHOHFWLRQ�ILOWHULQJ�� PHWKRGV� ZLOO� EH� WHVWHG� XVLQJ

JOREDO�*9,�GDWD�GHULYHG� IURP�$9+55� WHPSRUDO� VHULHV��$�SDUWLDO� YDOLGDWLRQ�ZLOO� EH�SURYLGHG�E\� WKH

GHJUHH� RI� VPRRWKQHVV� RI� UHVWLWXWHG� WHPSRUDO� SURILOHV� RI� YHJHWDWLRQ� LQGLFHV�� DQG� E\� WKHLU� OHYHO� RI

UHDOLVP�XVLQJ�VRPH�D�SULRUL�NQRZOHGJH�RI�SKHQRORJ\�LQ�YDULRXV�VLWHV�GLVWULEXWHG�ZRUOGZLGH��1H[W��ZH

SODQ�WR�VWXG\�PHWKRGV�EDVHG�RQ�WKH�FRUUHFWLRQ�RI�GLUHFWLRQDO�HIIHFWV�XVLQJ�DLUERUQH�32/'(5�GDWD

DFTXLUHG�RQ�ZHOO�GRFXPHQWHG�VLWHV� �+$3(;�������%25($6�������$OSLOOHV���$� YDULHW\�RI� DQDO\WLFDO

GLUHFWLRQDO�PRGHOV�ZLOO� EH� WHVWHG�ZLWK� WKHVH�GDWD��7KH�DVVXPSWLRQ� WKDW�QR� WHPSRUDO� YDULDELOLW\� RI

SL[HO� UHIOHFWDQFHV� RFFXUV� GXULQJ� WKH� FRPSRVLWLQJ� SHULRG� ZLOO� EH� WHVWHG� XVLQJ� WKH� UHVXOWV� RI� WKH

IRUWKFRPLQJ�DLUERUQH�32/'(5�FDPSDLJQ�RQ�WKH�$OSLOOHV�VLWH��$�VLPXODWLRQ�RI�WKH�HIIHFW�RI�SRVVLEO\

VHYHUH�FORXG�FRQGLWLRQV�RQ�WKH�UHWULHYHG�FRPSRVLWHG�UHIOHFWDQFH�FDQ�HDVLO\�EH�SHUIRUPHG�ZLWK�WKHVH

GDWD��7KH�YDOLGDWLRQ�RI�DOO�LQYHVWLJDWHG�GDWD�FRPSRVLWLRQ�PHWKRGV�FDQ�RQO\�EH�LQGLUHFW��DQG�ZLOO�EH

SHUIRUPHG�RQ�$9+55�WLPH�VHULHV�RQ�WKH�VDPH�VLWHV�DV� WKRVH�RI� WKH�DLUERUQH�32/'(5�FDPSDLJQV�

9DOLGDWLRQ�FULWHULD�LQFOXGH�WKH�IROORZLQJ�������:KHQ�XVLQJ�D�GLUHFWLRQDO�PRGHO��WKH�VL]H�RI�UHJUHVVLRQ

UHVLGXHV�PXVW�EH�DV�VPDOO�DV�SRVVLEOH�� ����2QH�VKRXOG�REWDLQ�HVVHQWLDOO\� WKH� VDPH� UHFRQVWUXFWHG

ELGLUHFWLRQDO�UHIOHFWDQFH�LQ�WKH�FRPSRVLWLQJ�SURFHVV�E\�XVLQJ�GLIIHUHQW�VXEVHWV�RI�GDWD�ZLWK�GLIIHULQJ

YLHZLQJ� FRQILJXUDWLRQV�� ���� (OLPLQDWHG� GDWD� E\� VHOHFWLRQ�ILOWHULQJ� VKRXOG� FRUUHVSRQG� WR� KD]\� RU

FORXG\�GD\V��7KLV�ZRUN�ZLOO�EH�SHUIRUPHG�LQ�WKH�SUHODXQFK�SKDVH�DQG�ZLOO�OHDG�WR�D�UHFRPPHQGDWLRQ
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RI� FKRLFH� RI� FRPSRVLWLQJ� SURFHGXUH� IRU� 9(*(7$7,21�� 7KH� ODWWHU� SURFHGXUH� ZLOO� EH� WHVWHG� ZLWK

9(*(7$7,21�GDWD�RQ�WKH�VDPH�VLWHV�DV� IRU�$9+55�DQG�DLUERUQH�32/'(5��7KH�YDOLGDWLRQ�ZLOO� EH

EDVLFDOO\� WKH� VDPH� DV� IRU� $9+55�� VRPH� DGGLWLRQDO� YHULILFDWLRQV�ZLOO� EH� SRVVLEOH� ZLWK� VSDFHERUQH

+59�6327��DQG�32/'(5�GDWD�
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5HVHDUFK�RQ�H[WUDFWLQJ�RI�%5')�LQIRUPDWLRQ�RI�JURXQG�WDUJHW�IURP�VLPXODWHG

9(*(7$7,21�GDWD�DQG�YDOLGDWLRQ�RI�%5')�PRGHOV

3ULQFLSDO�,QYHVWLJDWRU� ;��/,��,56$�%HLMLQJ�35&�

&R�LQYHVWLJDWRUV� 4LMLDQJ�=KX��'HSW�*HRJUDSK\�%HLMLQJ��

&KRQJJXDQJ�=KX�,56$�%HLMLQJ�

,Q�WKLV�SURSRVDO��RXU�PDLQ�H[SHULPHQWDO�UHJLRQ�ZLOO�EH�VHW�LQ�6DQ[LD�$UHD����*RUJH�$UHD��DW�<DQJW]H

5LYHU� ZKLFK� UDQJHV� (����� �(����� DQG� 1������ �1������ �� $QG� RXU� PDLQ� LQWHUHVWV� IRFXV� RQ� QHZ
PHWKRGV�DQG�WHFKQLTXHV�RI�SURFHVVLQJ�PXOWLWHPSRUDO��PXOWLVFDOH�� DQG�PXOWLDQJOH�GDWD�� HVSHFLDOO\
RQ� WKRVH� WKDW� FDQ� ILW� IRU� 9*7� GDWD�� ,Q� RUGHU� WR� HVWDEOLVK� WKH� 6DWHOOLWH�)OLJKW�)LHOG� ��OHYHO� 9*7
VLPXODWLRQ�GDWD�DQG�YDOLGDWH� WKH�%5')�PRGHOV��ZH�ZLOO�QHHG� WKUHH�NLQGV�RI�9*7�VLPXODWLRQ�GDWD
9*7�VLPXODWLRQ�GDWD� IURP� WKH����PHWHU�KLJK� WRZHU�� DLUERUQH�9*7�VLPXODWLRQ�GDWD�� DQG� WKH� ODUJH
VFDOH�DQG�PXOWLWHPSRUDO�12$$�$9+55�GDWD��)URP�WKH����PHWHU�KLJK� WRZHU��ZH�ZLOO�XVH� VSHFWUDO
UDGLRPHWHU�6(����� WR�PHDVXUH� WKH� LQIRUPDWLRQ�RI� WKH�JURXQG� WDUJHWV�DQG� WDNH� DGYDQWDJHV� RI� WKH
FKDQJHV�RI�VRODU�]HQLWK�DQG�D]LPXWK�WR�VLPXODWH�WKH�PXOWL�DQJOH�9*7�GDWD��$V�WR�WKH�DLUERUQH�9*7
VLPXODWLRQ�GDWD��ZLGHDQJOH�&&'�EL�FDPHUD�V\VWHP�ZLOO�EH�XVHG�

7HFKQLTXHV�IRU�SUHSURFHVVLQJ�WKH�VLPXODWLRQ�GDWD�FRQVLVW�RI�UDGLDWLYH�DQG�DWPRVSKHULF�FRUUHFWLRQV�
UHVDPSOLQJ��JHRPHWULF�UHJLVWUDWLRQ��+RZHYHU��WKH�NH\�HOHPHQWV�LQ�H[WUDFWLQJ�%5')�LQIRUPDWLRQ�IURP
$9+55�VLPXODWLRQ�9*7�GDWD�ZLOO� EH�DFFXUDWH� UHJLVWUDWLRQ�DFTXLUHG� LQ� VHTXHQW� GDWHV�� DSSURSULDWH
DWPRVSKHULF�FRUUHFWLRQV�IRU�GLIIHUHQW�LOOXPLQDWLRQ�DQG�YLHZLQJ�JHRPHWU\��VHOHFWLRQ�RI�%5')�PRGHOV
DQG� LQYHUVLRQ� DOJRULWKP�� :H� ZLOO� UHPRYH� WKH� LQIOXHQFH� RI� WKH� DWPRVSKHUH� E\� PHDQV� RI� LPDJH
UHVWRUDWLRQ� JHWWLQJ� QHFHVVDU\� DWPRVSKHUH� UHIHUHQFHV� IURP� WKH� PXOWLDQJOH� LPDJHV�� SHUIHFWLQJ� WKH
WUDQVIHU� IXQFWLRQV� ZLWK� WKH� LPDJH�SURFHVVLQJ� DQG� VLQJDO�KDQGOLQJ� WHFKQLTXHV�� DQG� ILQDOO\� XVLQJ
:LHQHU� ILOWHU� WR� JHW� LPDJH� UHVWRUHG�� )RU� WKH� DFFXUDWH� LPDJH� UHJLVWUDWLRQ�� VXFK� SUHSURFHVVLQJ
SURFHGXUHV� DV� PHDQ� YDOXH� UHPRYDO�� OLQHDU� VDPSOLQJ�� DQG� JHRPHWULF� FRUUHFWLRQ� DUH� QHHGHG� WR
JHQHUDWH�DQ�LPDJH�RI�KLJK�UHVROXWLRQ�WRZHU�VWUXFWXUH��WKHQ�VHDUFK�IRU�WKH�PDWKFKLQJ�SRLQWV�ZLWK�WKH
FRUUHODWLYH�DOJRULWKP�EDVHG�RQ�JUH\�YDOXHV�RI�WKH�LPDJHV��DQG�ILQDOO\��GHWHUPLQH�WKH�ORFDO�DGDSWLYH
SRVLWLRQ�DQG�JUH\�YDOXH�IRU�HDFK�SL[HO�E\�GRXEOH�ELOLQHDU�LQWHUSRODWLRQ�PHWKRG�DQG�WKHQ�SURGXFH�WKH
UHJLVWHUHG�LPDJHV��7R�H[WUDFW�WKH�%5')�LQIRUPDWLRQ�DQG�WKH���GLPHQVLRQDO�VWUXFWXUH�LQIRUPDWLRQ�RI
WKH�YHJHWDWLRQ��ZH�ZLOO�DSSO\�DOJRULWKPV�GHYHORSHG�IRU�%5')�SURGXFWV�RI�0,65�02',6�RI�(26�
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'HYHORSPHQW� RI� &RUUHFWLRQ� 6WUDWHJLHV� IRU� 6SHFWUDO� 7LPH� 3URILOLQJ� RI� %RUHDO

)RUHVW�5HIOHFWDQFH

3ULQFLSDO�,QYHVWLJDWRU� 3��6<5(1��56�'HS���8��6WRFNKROP�6ZHGHQ�

&R�LQYHVWLJDWRUV� *��$/0��56�'HS�6WRFNKROP�

7KH� UHOLDELOLW\� RI� DQ� HVWLPDWHG� HQYLURQPHQWDOO\� LQGXFHG� VSHFWUDO� FKDQJH� EHWZHHQ� WZR� RU� PRUH
REVHUYDWLRQV�LV�ODUJHO\�GHSHQGHQW�RQ�VHYHUDO�VWHSV�RI�UDGLRPHWULF�FRUUHFWLRQV��7KHVH�FRUUHFWLRQV�DUH
FRQQHFWHG� WR� VHQVRU� UHODWHG� HUURUV�� DWPRVSKHULF� FRQGLWLRQV� DQG� VXQ�WDUJHW�VHQVRU� JHRPHWU\�� EXW
DOVR�WKH�WDUJHW�FRQGLWLRQ�DW�WKH�WLPH�RI�REVHUYDWLRQ�

$WPRVSKHULF�FRUUHFWLRQ�RI�VDWHOOLWH�LPDJHV�LV�D�QHFHVVDU\�VWHS�LQ�PXOWLWHPSRUDO�LPDJH�DQDO\VLV�DQG
V\QWKHVLV�� &KDQJHV� LQ� JURXQG� UHIOHFWDQFH�PXVW� EH� FRUUHFWO\� LQWHUSUHWHG� HYHQ� LI� WKH� FKDQJHV� DUH
VPDOO�� $WPRVSKHULF� PRGHOOLQJ� XVLQJ� WUDQVIHU� FRGH� SURJUDPV� QHHG� FRUUHFW� LQSXW� DERXW� WKH
DWPRVSKHUH� DW� WKH� WLPH� RI� UHJLVWUDWLRQ� RI� WKH� VDWHOOLWH� GDWD�� 2QH� KDV� RIWHQ� WR� UHO\� RQ� VWDQGDUG
DWPRVSKHULF� GHVFULSWLRQV� ZLWKLQ� WKH� WUDQVIHU� FRGH� SURJUDPV� LQ� WKH� DEVHQFH� RI� PHDVXUHG
DWPRVSKHULF�SDUDPHWHUV��7KLV�SURMHFW�DGGUHVVHV�WKH�TXHVWLRQ�RI�HVWLPDWLRQ�WKH�DHURVRO�RSWLFDO�GHSWK
IURP�HDVLO\�REWDLQHG�PHDVXUHPHQWV�RI�WKH�GLUHFW�VRODU�LUUDGLDQFH�IRU�FDOFXODWLQJ�WKH�cQJVWU|P�%HWD
FRHIILFLHQW��7KH�%HWD�FRHIILFLHQW�LV�D�ZDYHOHQJWK�LQGHSHQGHQW�IDFWRU�WKDW�FDQ�JLYH�WKH�DHURVRO�RSWLFDO
GHSWK��EXW�RQO\�XQGHU�WKH�DVVXPSWLRQ�WKDW�DHURVRO�SDUWLFOH�VL]H�GLVWULEXWLRQ�LV�FRQVWDQW��'XULQJ�WKH
SURMHFW��WKH�YDOLGDWLRQ�RI�WKLV�DVVXPSWLRQ�ZLOO�EH�SHUIRUPHG�

2WKHU�FULWLFDO�DWPRVSKHULF�SDUDPHWHUV�DUH�ZDWHU�YDSRXU�FRQWHQW�DQG�R]RQH�FRQFHQWUDWLRQ��7KHVH�DUH
DOVR�PHDVXUHG�DQG�XVHG�DV�LQSXW�WR�WKH�DWPRVSKHULF�FRUUHFWLRQ�PRGHO��7KH�XVHIXOQHVV�RI�WKH�EOXH
DQG�6:,5�EDQGV�RI�9(*(7$7,21�IRU�HVWLPDWLRQ�RI�WKH�DHURVRO�DQG�ZDWHU�YDSRXU�ZLOO�EH�WHVWHG��'XH
WR� WKH� ODUJH� VFDQ� DQJOH� RI� WKH� 9(*(7$7,21� VHQVRU�� WKH� VLGH� ORRNLQJ� HIIHFW� LQ� WKH� EDFNZDUG
VFDWWHULQJ�GLUHFWLRQ�LV�DOVR�D�SDUW�RI�WKH�SURMHFW�

7KH� QHHG� RI� UDGLRPHWULF� FRUUHFWLRQ� LV� FORVHO\� FRQQHFWHG� WR� WKH� SXUSRVH� IRU� ZKLFK� WKH� VSHFWUDO
FRPSDULVRQ�LV�PDGH��,Q�VXFK�FDVHV�ZKHUH�WKH�H[SHFWHG�VSHFWUDO�FKDQJH�LV�RI�D�JUHDW�PDJQLWXGH��WKH
VFKHPH� IRU� UDGLRPHWULF� FRUUHFWLRQV�PD\� EH�PRUH� JHQHUDOLVHG�� FRPSDUHG� WR� D� VLWXDWLRQ�ZKHUH� WKH
FKDQJH�LV�FORVH�WR�WKH�UDGLRPHWULF�UHVROXWLRQ�RI�WKH�VHQVRU��9HJHWDWLRQ�WDUJHWV��DV�FRQLIHURXV�ERUHDO
IRUHVW��LV�FKDUDFWHULVHG�DV�D�ORZ�UHIOHFWDQFH�REMHFW��6RPH�W\SLFDO�UHIOHFWDQFH�YDOXHV�DUH������������
����� LQ� WKH� UHG�� 1,5� DQG� 6:,5� EDQG� UHVSHFWLYHO\�� )RU� 6ZHGLVK� FRQGLWLRQV� WKH� DQQXDO� VSHFWUDO
YDULDWLRQ� UDQJH� LV� RQ� WKH� RUGHU� RI� ��� '1
V� LQ� /DQGVDW� 70� EDQG� ��� SULPDULO\� GHSHQGLQJ� RQ� WKH
SKHQRORJLFDO�VWDJH��7KH�UDQJH� LQ�DQQXDO� IOXFWXDWLRQV� LV�JUHDWHVW� LQ� WKH�1,5�ZDYHOHQJWK�EDQG�DQG
GHFUHDVH�WKURXJK�WKH�6:,5�DQG�UHG�EDQG��,Q�D�ORQJ�WLPH�SHUVSHFWLYH�WKH�VSHFWUDO�HYROXWLRQ�ZLWK�DJH
LV�VWURQJ�XS�WR�D�VWDQG�DJH�RI�F�����\HDU��DIWHU�ZKLFK�WKH�UHIOHFWDQFH�UHPDLQV�HVVHQWLDOO\�VWDEOH��7KLV
JHQHUDO�RXWOLQH�RI�WKH�VSHFWUDO�G\QDPLFV�PD\�EH�LQWHUUXSWHG�E\�QDWXUDO�HYHQWV�VXFK�DV�IRUHVW�ILUH�RU
VWRUP�IHOOLQJ��EXW�DOVR�E\�IRUHVW�PDQDJHPHQW�DFWLYLWLHV�DV�WKLQQLQJ�DQG�FOHDQLQJ�FXWWLQJ��7R�H[WUDFW
WKHVH�FRPSRQHQWV��WKDW�LQIOXHQFH�WKH�IRUHVW�FDQRS\�UHIOHFWDQFH��LQ�RUGHU�WR�HVWLPDWH�DQ�DFFHOHUDWHG
VSHFWUDO� WUHQG� D� IDU�UHDFKLQJ� VWUDWHJ\� IRU� UDGLRPHWULF� FRUUHFWLRQV� WRJHWKHU� ZLWK� D� VWDWLVWLFDOO\
VXIILFLHQW�DPRXQW�RI�GDWD�LV�D�SUHUHTXLVLWH�

7R�DFFRPSOLVK�UHOLDEOH�HVWLPDWHV�RI�VSHFWUDO�FKDQJH��WKUHH�PDMRU�REMHFWLYHV�RI�WKH�SURSRVHG�UHVHDUFK
SURJUDPPH�DUH�HPSKDVLVHG��2Q�D� UHJLRQDO�EDVLV�� WKH� VSHFWUDO� FKDUDFWHULVDWLRQ�RI�ERUHDO� IRUHVW� LQ
UHVSHFW�WR�UHIOHFWDQFH�DQG�DQLVRWURSLF�UHVSRQVH�LV�PRVW�LPSRUWDQW��6HFRQGO\��D�EHWWHU�NQRZOHGJH�RI
WKH� PHWHRURORJLFDO� LQIOXHQFH� RQ� FDQRS\� UHIOHFWDQFH� ZLOO� LPSURYH� WKH� DFFXUDF\� RI� PXOWLWHPSRUDO
DQDO\VHV�



page 26

'HYHORSPHQW�RI�VSHFWUDO�LQGLFHV�RSWLPL]HG�IRU�WKH�9(*(7$7,21�LQVWUXPHQW

3ULQFLSDO�,QYHVWLJDWRU� 0�9(5675$(7(��079�,56$�-5&�,VSUD�,WDO\�

&R�LQYHVWLJDWRUV� %�3LQW\��8QLY���&OHUPRQW�)HUUDQG�

9HJHWDWLRQ� LQGLFHV� KDYH� WUDGLWLRQDOO\� EHHQ� XVHG� WR� LQWHUSUHW� VDWHOOLWH� UHPRWH� VHQVLQJ� GDWD�� IRU
H[DPSOH�LQ�WHUPV�RI�ODQG�FRYHU�W\SHV�RU�WR�HVWLPDWH�VLPSOH�YHJHWDWLRQ�FKDUDFWHULVWLFV��7R�WKH�H[WHQW
WKDW�WKH�UDGLDQFHV�PHDVXUHG�E\�WKH�VHQVRUV�DW�WKH�WRS�RI�WKH�DWPRVSKHUH�DUH�DIIHFWHG�QRW�RQO\�E\
WKH� SODQW� FRYHU� EXW� DOVR� E\� WKH� DWPRVSKHUH� DQG� WKH� XQGHUO\LQJ� VRLO�� WKHVH� LQGLFHV� PD\� EH
VLJQLILFDQWO\� DIIHFWHG� E\� WKHVH� XQGHVLUDEOH� SHUWXUEDWLRQV�� 2QH� DSSURDFK� ZRXOG� EH� WR� FRUUHFW� WKH
GDWD�WR�WDNH�WKHVH�HIIHFWV�LQWR�DFFRXQW��EXW�WKLV�UHTXLUHV�DFFHVV�WR�FRQVLGHUDEOH�DGGLWLRQDO�GDWD�VHWV
�H�J���WKH�DQDO\VLV�RI�ODUJH�DPRXQWV�RI�ZHDWKHU�GDWD���$Q�DOWHUQDWLYH�DSSURDFK�FRQVLVWV�LQ�GHYHORSLQJ
QHZ�LQGLFHV�GHVLJQHG�WR�UHPDLQ�VHQVLWLYH�WR�WKH�SUHVHQFH�RI�YHJHWDWLRQ��EXW�DOVR�WR�EH�OHVV�VHQVLWLYH
WR�WKHVH�SHUWXUELQJ�IDFWRUV��7KH�ILUVW�SKDVH�RI�WKH�ZRUN�GHVFULEHG�LQ�WKLV�UHVHDUFK�SURSRVDO�DLPV�DW
GHILQLQJ�D�VSHFWUDO�LQGH[�RSWLPL]HG�WR�PRQLWRU�YHJHWDWLRQ�RQ�WKH�EDVLV�RI�WKH�UDGLRPHWULF�GDWD�ZKLFK
ZLOO� EH� SURGXFHG� E\� WKH� 9(*(7$7,21� LQVWUXPHQW�� ,Q� WKH� VHFRQG� SKDVH�� WKLV� QHZ� LQGH[� ZLOO� EH
HYDOXDWHG� DQG� FRPSDUHG� WR� H[LVWLQJ� LQGLFHV�� 7KLV� HYDOXDWLRQ�ZLOO� EH� EDVHG� RQ� VSDWLDOO\� GHJUDGHG
6327�GDWD��ZKLFK�H[KLELW�VLPLODU�VSHFWUDO�FKDUDFWHULVWLFV��XQOHVV�VLPXODWHG�9(*(7$7,21�GDWD�FDQ
EH�REWDLQHG�WR�SHUIRUP�WKLV�WDVN��)LQDOO\��DQ�DVVHVVPHQW�RI�WKH�SURSRVHG�LQGH[�DIWHU�WKH�ODXQFK�RI
WKH�9(*(7$7,21� LQVWUXPHQW�ZLOO� EH�SHUIRUPHG� WR� GHPRQVWUDWH� WKH� VWUHQJWKV� DQG�ZHDNQHVVHV� RI
WKLV�QHZ�WRRO�LQ�DFWXDO�DSSOLFDWLRQV�
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9(*(7$7,21� LQVWUXPHQW� DQG� 02',6� �� D� MRLQW� UHVHDUFK� DQG� GHYHORSPHQW

SURMHFW�RQ�WHUUHVWULDO�PRQLWRULQJ

3ULQFLSDO�,QYHVWLJDWRU� (�9(5027(��*HRJUDSK\�'HS��8QLY��0DU\ODQG��&ROOHJH�3DUN�86$�

&R�LQYHVWLJDWRUV� -&�5RJHU��*HRJUDSK\�'HS��8QLY��0DU\ODQG��
&-�7XFNHU�1$6$�*6)&��
&�-XVWLFH�*HRJUDSK\�'HS��8QLY�0DU\ODQG�

7KH� SXUSRVH� RI� WKLV� LQYHVWLJDWLRQ� LV� ILUVW� WR� YHULI\� WKH� 9(*(7$7,21� RQ�ERDUG� FDOLEUDWLRQ� XVLQJ
YLFDULRXV�FDOLEUDWLRQ�PHWKRGV�GHYHORSHG�E\�3,�DQG�&2�,
V�IRU�H[LVWLQJ�VDWHO@LWH�SODWIRUPV��7KH�VHFRQG
SDUW� RI� WKH� VWXG\� LV� WR� DSSO\� RSHUDWLRQDO� DWPRVSKHULF� FRUUHFWLRQ� SURFHGXUHV� WR� WKH� 9(*(7$7,21
GDWDVHW�RYHU�ODQG��7KH�DOJRULWKPV� IRU� WKLV�FRUUHFWLRQ�DUH�EHLQJ�GHYH@RSHG�E\�3,�DQG�&2�,
V� IRU� WKH
02'HUDWH�UHVROXWLRQ�,PDJLQJ�6SHFWURUDGLRPHWHU� �02',6�� LQVWUXPHQW�RQ�ERDUG�WKH�(26�SODWIRUP�
7KH�02',6� LQVWUXPHQW� LQFOXGHV�DOO� WKH�9(*(7$7,21�FKDQQHOV�� 7KH� WKLUG�SDUW� RI� WKH� VWXG\� LV� WR
WDNH� DGYDQWDJH� RI� WKH� XQLTXH�PXOWL�UHVROXWLRQ� FKDUDFWHULVWLFV� RI� WKH� 6327�� SODWIRUP�� GHYHORSLQJ
DQG�WHVWLQJ�DSSURSULDWH�PL[WXUH�PRGHOOLQJ�DSSURDFKHV�XVLQJ�WKH�ERWK�ORZ��,NP�9(*(7$7,21��DQG
KLJK����P�+59��UHVROXWLRQ�GDWD�

6LPLODULWLHV�LQ�WKH�VSDWLDO�DQG�VSHFWUDO�UHVROXWLRQ�RI�9(*(7$7,21�DQG�02',6�LQVWUXPHQWV�SUHVHQW
LPSRUWDQW� RSSRUWXQLWLHV� IRU� GHYHORSPHQW� RI� DOJRULWKPV� DQG� SURFHGXUHV� VXLWDEOH� IRU� ERWK
LQVWUXPHQWV��7KH�HDUOLHU�ODXQFK�RI�WKH�9(*(7$7,21�LQVWUXPHQW�SURYLGHV�WKH�PHDQV�IRU�WHVWLQJ�WKH
02',6�DOJRULWKPV�SULRU�WR�WKH�ODXQFK�RI�WKH�ILUVW�(26�SODWIRUP��7KH�02',6�DOJRULWKP�GHYHORSPHQW
ZRUN�LQ�WXUQ�ZLOO�VWUHQJWKHQ�WKH�XWLOLW\�RI�9(*(7$7,21�GDWD��7KH�FDOLEUDWLRQ�RI� WKH�9(*(7$7,21
LQVWUXPHQW�ZLOO�EH�SHUIRUPHG�RQ�ERDUG�E\�D�FDOLEUDWLRQ�ODPS�V\VWHP��7KH�ILUVW�SRLQW�RI�WKH�SURSRVHG
VWXG\�LV�WR�YDOLGDWH�WKLV�FDOLEUDWLRQ�ZLWK�YDULRXV�YLFDULRXV�FDOLEUDWLRQ�PHWKRGV��7KHVH�PHWKRGV�XVH
RFHDQ� DQG� FORXG� YLHZV� ERWK� IRU� DEVROXWH� DQG� UHODWLYH� FDOLEUDWLRQ�� 7KH� DEVROXWH�PHWKRG�ZDV� ILUVW
GHVLJQHG�IRU�6327���9(*(7$7,21��WKHQ��DGDSWHG�DQG�FRXSOHG�ZLWK�DQ�LQWHUEDQG�FDOLEUDWL�RQ�DV�DQ
RSHUDWL� RQDO�PHWKRG� IRU� WKH�12$$�$9+55� VHQ� VRU� VHUL� HV�� DQG� VHOHFWHG� E\� WKH� 32/'(5� VFLHQFH
WHDP� IRU� WKH� FDOLEUDWLRQ� RI� WKH� 32/'(5� LQVWUXPHQW�� 7KH� LQWHQW� LV� WR� XVH� WKH� OHVVRQV� OHDUQW� RQ
H[LVWLQJ� V\VWHPV� DQG� DGDSW� WKH� SURFHGXUHV� IRU� 9(*(7$7,21� LQ� RUGHU� WR� PHHW� WKH� XVHU� GULYHQ
FDOLEUDWLRQ�UHTXLUHPHQWV��

7KH�,�NP�JOREDO�ODQG�GDWDVHW�ZLWK�WKH�EOXH�FKDQQHO�SURYLGHG�E\�9(*(7$7,21�ZLOO�EH�YHU\�XVHIXO�DV
D�02',6�WHVW�GDWDVHW��6LPLODUO\�WKH�DOJRULWKPV�GHVLJQHG�IRU�02',6�FDQ�HQKDQFH�WKH�XWLOLW\�RI�WKH
GDWD�SURYLGHG�E\�9(*(7$7,21��0RQLWRULQJ�RI�YHJHWDWLRQ�FDQ�EH�GRQH�XVLQJ�LQGLYLGXDO�FKDQQHOV�DQG
JHQHUDO� LQGH[HV� VXFK� DV� WKH� 1RUPDOL]HG� 'LIIHUHQFH� 9HJHWDWLRQ� ,QGH[� �1'9,��� 6XFK� LQGH[HV� DUH
VHQVLWLYH� WR� WKH� HIIHFWV� RI� YDULDEOH� DWPRVSKHUH�� 7KXV� WKH� EHVW� ZD\� WR� SURGXFH� D� JRRG� TXDOLW\
YHJHWDWLRQ�LQGH[� LV� WR� LQFRUSRUDWH�DWPRVSKHULF�FRUUHFWLRQ� LQ�WKH�SURFHGXUH��0HWKRGV�SURSRVHG� IRU
WKH�DWPRVSKHULF�FRUUHFWLRQ�RI�9(*(7$7,21�GDWD� VWHP� IURP� WKH�KHULWDJH�RI� VHYHUDO� VWXGLHV�ZKLFK
KDYH� FRQYHUJHG� WR� DQ� RSHUDWLRQDO� PHWKRG�� 7KH� UHWULHYDO� RI� DHURVROV� LV� D� NH\� SDUDPHWHU� IRU
DWPRVSKHULF� FRUUHFWLRQ��7KLV� LQYHUVLRQ� LV�EDVHG�RQ� ILQGLQJ�GDUN� WDUJHWV�� 7KH� SURFHGXUH� KDV� EHHQ
VXFFHVVIXOO\�GHPRQVWUDWHG�IRU�WHVW�FDVH�VWXGLHV�DQG�KDV�EHHQ�VHOHFWHG�IRU�02'�6�IRU�GHYHORSPHQW
DV�DQ�DW�ODXQFK�SURGXFW�

9(*(7$7,21� ZLOO� SURYLGH� WKH� PHDQV� WR� GHYHORS� DQG� XVH� VSHFWUDO� PL[LQJ�XQLI\LQJ� DQDO\VLV� IRU
LQIRUPDWLRQ�H[WUDFWLRQ� IRU�D� YDULHW\�RI� HQYLURQPHQWV��7KLV� LV� H[SHFWHG� WR�EH�SDUWLFXODUO\�XVHIXO� LQ
DULG�DQG�VHPL�DULG�DUHDV��ZKHUH�WKH���9(*(7$7,21�EDQGV�ZLOO�HQDEOH�EHWWHU�FKDUDFWHUL]DWLRQ�RI�VRLO
EDFNJURXQG�HIIHFWV� LQ�DUHDV� RI� VSDUVH� YHJHWDWLRQ� FRYHU��2XU� LQWHQW� LV� WR� H[SORUH� WKH� IRUPDWLRQ� RI
FRDUVH�UHVROXWLRQ�FRPSRVLWH�LPDJHV��DQG�WKHQ�WR�XVH�KLJK�UHVROXWLRQ�PL[LQJ�XQPL[LQJ�DQDO\VLV�WR
H[WUDFW�PRUH�LQIRUPDWLRQ�IURP�WKHVH�,RFDWLRQV��
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6HQVLWLYLW\� DQDO\VLV� RI� FRPSRVLWLQJ� VWUDWHJLHV� �� PRGHOLQJ� DQG� H[SHULPHQWDO

LQYHVWLJDWLRQV

3ULQFLSDO�,QYHVWLJDWRU� 3��'()2851<��'HS�(QYLURQPHQWDO�6FLHQFHV�8QLY��/RXYDLQ��%HOJLXP�

&R�LQYHVWLJDWRUV� )�9HURXVWUDHWH��9,72�0RO�

7KH�REVHUYDWLRQ�RI�WKH�HDUWK�E\�RSWLFDO�VDWHOOLWH�VHQVRUV�LV�OLPLWHG�E\�WKH�LQWHUIHUHQFH�RI�FORXGV�DQG
RWKHU� DWPRVSKHULF� SKHQRPHQD�� :KHQ� VHYHUDO� LPDJHV� DUH� DYDLODEOH� RYHU� D� VKRUW� SHULRG� RI� WLPH�
LQGLYLGXDO�LPDJHV�FDQ�EH�FRPSRVLWHG�WR�UHGXFH�WKH�DWPRVSKHULF�SHUWXUEDWLRQV��0DQ\�DOJRULWKPV�WR
VHOHFW�WKH�PRVW�VXLWDEOH�SL[HO�YDOXH�IRU�D�WHPSRUDO�FRPSRVLWH�RXW�RI�D�VHW�RI�PHDVXUHPHQWV�REWDLQHG
DW� GLIIHUHQW� GDWHV�� KDYH� EHHQ� GHYHORSHG� WR� FUHDWH� D� PRVDLF� RI� SL[HOV�� )LUVW� WHVWHG� IRU� 1'9,
FRPSRVLWHV�� WKH\� DUH� QRZ� XVHG� IRU� FRPSRVLWLQJ� LQGLYLGXDO� UHIOHFWLYH� FKDQQHOV�� 7KHVH� SURFHGXUHV
KDYH�VKRZQ�VWURQJ�UDGLRPHWULF�DUWHIDFWV�LQ�WKH�VSHFWUDO�EDQGV��7KLV�SURSRVDO�DLPV�DW�LQYHVWLJDWLQJ
V\VWHPDWLFDOO\��WKH�PDLQ�LVVXHV�UHODWHG�WR�WKH�WHPSRUDO�V\QWKHVLV�SURGXFWLRQ�XVLQJ�PRGHOOLQJ�DQG
H[SHULPHQWDO� DSSURDFKHV� EDVHG� RQ� DFWXDO� GDWD�� ILUVW� GHULYHG� IURP� D� VLPLODU� VHQVRU� DQG� WKHQ
VXEVHTXHQWO\�IURP�WKH�9(*(7$7,21�VHQVRU�

7KH� VSHFLILFLW\� RI� WKH� VWXG\� LV� WR� WHVW� WKH� VHQVLWLYLW\� RI� WKH� FRPSRVLWLQJ� SURFHVV� WR� WKH� GLIIHUHQW
IDFWRUV��QRW�RQO\�IRU�WKH�1'9,�FRPSRVLWH�EXW�DOVR�IRU�WKH�VLQJOH�FKDQQHO�FRPSRVLWH�LPDJHV��$�WZR�
VWHS�VWUDWHJ\�LV�SODQQHG�WR�KLJKOLJKW�DQG�TXDQWLI\�WKH�PDLQ�SHUWXUEDWLQJ�IDFWRUV��DQLVRWURSLF�HIIHFWV�
DWPRVSKHULF� HIIHFWV�� FORXG� FRYHU� W\SH�� UHJLVWUDWLRQ� DFFXUDF\� DQG� UDGLRPHWULF� FDOLEUDWLRQ�� ZKLFK
DIIHFW� WKH� FRQVLVWHQF\� RI� WHPSRUDO� V\QWKHVLV�� 7KHQ� WKH� REMHFWLYH� LV� WR� DVVHVV� WKH� SHUIRUPDQFH� RI
YDULRXV�FRPSRVLWH�SURFHGXUHV�UHJDUGLQJ�WKHVH�ZHOOLGHQWLILHG�LVVXHV��7KH� ILUVW�VWHS� IRFXVLQJ�RQ�WKH
FKDUDFWHULVDWLRQ� RI� WKH� SHUWXUEDWLQJ� IDFWRUV� WR� WKH� 9(*(7$7,21� GDWD�� LV� EDVHG� RQ� ERWK� D� EL�
GLUHFWLRQDO� UHIOHFWDQFH�PRGHO� DQG� RQ� HPSLULFDO� REVHUYDWLRQV�� 7KLV� LQFOXGHV� D� UHYLHZ� RI� WKH�PDLQ
WKHRUHWLFDO�LVVXHV�DV�ZHOO�DV�D�V\VWHPDWLF�REVHUYDWLRQ�RI�WKH�UHVSHFWLYH�IDFWRU�LQIOXHQFHV�IRU�GLIIHUHQW
ODQG�FRYHUV�DQG�GLIIHUHQW� LOOXPLQDWLRQ�FRQGLWLRQV��)RU� WKH�PRGHOOLQJ�DSSURDFK��D�SK\VLFDOO\�EDVHG
EL�GLUHFWLRQDO� UHIOHFWDQFH�PRGHO� LV� VHOHFWHG� WR� FDUU\� RXW� WKH� VHQVLWLY\� DQDO\VLV�� )RU� WKH� HPSLULFDO
DSSURDFK�� 9(*(7$7,21� VLPXODWHG� WLPH� VHULHV� RYHU� 1RUWKHUQ� (XURSH�DQG� :HVW� $IULFD� SURYLGH
GLIIHUHQW�ODQG�FRYHU�W\SHV�DQG�WKH�VHDVRQDO�YDULDWLRQ�LQVXUHV�D�VXIILFLHQW�YDULDELOLW\�LQ�LOOXPLQDWLRQ
FRQGLWLRQV��7KH�FRQFOXVLRQV�IURP�WKH�PRGHOOLQJ�VWXGLHV�ZLOO�EH�FRPSDUHG�DQG�GLVFXVVHG�VZLWK�WKH
UHVXOWV�IURP�WKH�DFWXDO�GDWD�DQDO\VLV��7KH�VHFRQG�VWHS�FRQVLVW�LQ�D�SHUIRUPDQFH�DVVHVVPHQW�RI�WKH
FRPSRVLWLQJ�DOJRULWKPV�DYDLODEOH�IURP�WKH�OLWHUDWXUH�RU�VSHFLILFDOO\�SURSRVHG�IRU�9(*(7$7,21��7KH
FRUH� RI� WKHVH� LQYHVWLJDWLRQV� FRQVLVW� LQ� HPSLULFDO� REVHUYDWLRQV� DQG� VWDWLVWLFDO� FRPSDULVRQV� RI
GLIIHUHQW�FRPSRVLWHV� IURP�VLPXODWHG�GDWD� IRU� WKH�SUH�ODXQFK�SKDVH�DQG� IURP�DFWXDO�9(*(7$7,21
GDWD�GXULQJ�WKH�SRVW�ODXQFK�SKDVH��7KH�JRDO�RI�RXU�FRPSRVLWLQJ�SURFHGXUH�LV�WR�DSSUR[LPDWH�ZLWK
WKH�FRPSRVLWH�LPDJH��DV�PXFK�DV�SRVVLEOH�D�VLQJOH�GDWH�FORXG�IUHH�LPDJH�ZLWK�FRQVWDQW�QHDU�QDGLU
JHRPHWU\��7KH�OLPLWDWLRQV�RI�WKH�LQYHVWLJDWLRQ�XVLQJ�RQO\�VLPXODWHG�GDWD�KDYH�WR�EH�GLVFXVVHG�LQ�WKH
OLJKW�RI�WKH�WKHRUHWLFDO�DQG�PRGHOOLQJ�FRQWULEXWLRQV�

7KH�SHUVSHFWLYH�RI�WKH�SURGXFWLRQ�HQYLURQPHQW�DQG�WKH�JOREDO�FRYHUDJH�ZLOO�EH�WDNHQ�LQWR�DFFRXQW
IRU� WKH�VHOHFWLRQ�RI�DOWHUQDWLYH�DOJRULWKPV� IRU� FRPSRVLWLQJ��$Q\�DSSURSULDWH�PRGLILFDWLRQ�RU�D�QHZ
VWUDWHJ\� IRU� FRPSRVLWLQJ� SURSRVHG� IRU� 9(*(7$7,21� EDVHG� HLWKHU� RQ� UHVXOWV� RI� WKH� VHQVLWLYLW\
DQDO\VLV�RU�RQ�WKH�H[SHULPHQWDO�DSSURDFK��ZLOO�DOVR�EH�WHVWHG��7KH�H[SHFWHG�RXWSXWV�UHVXOW�LQ�FOHDU
UHFRPPHQGDWLRQV� IRU� WKH� FRPSRVLWLQJ� VWUDWHJ\� DQG� VWDWHPHQWV� DERXW� WKH� FRPSRVLWLQJ
FRQVHTXHQFHV�IRU�WKH�ODQG�DSSOLFDWLRQV�
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0DSSLQJ� DQG� PRGHOLQJ� RI� WHPSRUDO� DQG� ELR�SK\VLFDO� SKHQRPHQD� RI� WKH

VDKHOLDQ�ZHWODQGV�HQYLURQPHQW�XVLQJ�9(*(7$7,21�GDWD

3ULQFLSDO�,QYHVWLJDWRU� 3U�5��'H�:8/)�'HS��RI�)RUHVW�DQG�:DWHU�0DQDJHPHQW�8QLYHUVLW\�RI�*HQW�
%HOJLXP

:HWODQGV�RIWHQ�DUH�DW�WKH�KHDUW�RI�UHJLRQDO�UXUDO�HFRQRPLHV��DQG�DW� WKH�VDPH�WLPH�KDYH�YHU\�KLJK
FRQVHUYDWLRQ�YDOXH��$IULFD� VXSSRUWV� VRPH�RI� WKH�ZRUOGV� ODUJHVW� VZDPSV� DQG� VRPH� RI� WKHVH� RFFXU
ZLWKLQ�WKH�6DKHOLDQ�]RQH���WKH�,QWHULRU�1LJHU�'HOWD�DQG�WKH�&KDG�%DVLQ��FRPSULVLQJ�/DNH�&KDG�DQG
DGMDFHQW� IORRGSODLQV��� 7KH� ODVW� IHZ� GHFDGHV� WKH� LQFUHDVH� RI� WKH� KXPDQ� SRSXODWLRQ� DQG� WKH
DVVRFLDWHG�LQFUHDVHG�GHPDQG�IRU�LUULJDWLRQ�ZDWHU�DQG�DUDEOH�ODQG�KDV�SXW�HYHU�JUHDWHU�SUHVVXUH�RQ
WKHVH�HFRV\VWHPV��/DUJH�VFDOH�K\GUR�DJULFXOWXUDO�SURMHFWV�DUH�EHLQJ�SODQQHG��FRPSULVLQJ�ODUJH�GDPV
DQG� H[WHQVLYH� LUULJDWLRQ� VFKHPHV�� 6RPH� RI� WKHVH� KDYH� DOUHDG\� EHHQ� LPSOHPHQWHG� DQG� HYHQWXDOO\
WZR�WKLUGV�RI�WKH�ZHWODQGV�FRXOG�GLVDSSHDU�

7KH�DYDLODELOLW\�RI�D�EDVHOLQH�GDWD�VHW��SURYLGLQJ�DQ�DFFXUDWH�SLFWXUH�RI�FXUUHQW�ODQG�XVH��ZRXOG�EH
DQ� H[WUHPHO\� LPSRUWDQW� WRRO� IRU� FRQVHUYDWLRQ� SXUSRVHV�� ,Q� RUGHU� WR� LPSURYH� WKH� LQVLJKW� LQWR� WKH
IXQFWLRQLQJ� RI� WKHVH� HFRV\VWHPV�� LW� ZRXOG� EH� LQWHUHVWLQJ� WR� VWXG\� YDULRXV� HQYLURQPHQWDO
SDUDPHWHUV�� )LQDOO\�� FRQVLGHULQJ� WKH� YHU\� G\QDPLF� QDWXUH� RI� WKHVH� ZHWODQGV�� WKH� GDWDVHW� VKRXOG
SUHIHUDEO\�LQFOXGH�D�WHPSRUDO�GLPHQVLRQ�

7KH�UHVHDUFK�ZLOO�FRQVHTXHQWO\�GHDO�ZLWK�WZR�WRSLFV��

• 0DSSLQJ� RI� ODQG� FRYHU� RI� WKH� 6DKHOLDQ� ZHWODQGV� HQYLURQPHQW��
WKH�PDSSLQJ�ZLOO�EH�IRFXVHG�RQ�ODQG�FRYHU�W\SHV��VXFK�DV�RSHQ�ZDWHU��SHUPDQHQW�DQG�VHDVRQDO��
DTXDWLF� PDFURSK\WHV�� FXOWLYDWHG� DQG� QDWXUDO� IORRGSODLQV�� GU\ODQG� DQG� LUULJDWHG� DJULFXOWXUH�
QDWXUDO� VHPL�DULG� JUDVVODQG� DQG� DFDFLD� JUDVVODQG����� )URP� WKH� VFLHQWLILF� SRLQW� RI� YLHZ�� VSHFLDO
DWWHQWLRQ� ZLOO� EH� SDLG� WR� WKH� G\QDPLF� DVSHFWV� RI� WKH� UHVSRQVH� SDWWHUQ� RI� WKH� UHVSHFWLYH
9(*(7$7,21� FKDQQHOV�� $� VHFRQG� IRFXV� ZLOO� EH� WKH� DVVHVVPHQW� RI� WKH� PDSSLQJ� DFFXUDF\� E\
UHIHUULQJ�WR�6327�+59�GDWD�

• '\QDPLF�PRGHOLQJ�RI�WHPSRUDO�ELR�SK\VLFDO�SKHQRPHQD�RI�WKH�6DKHOLDQ�ZHWODQGV�HQYLURQPHQW��
WKH� PHWKRGRORJLFDO� DVSHFWV� FRQVLVW� RI� WKH� DVVHVVPHQW� RI� D� RQH� \HDU� F\FOH� RI� WKH� G\QDPLF
SKHQRPHQD�ZLWKLQ�WKH�HFRV\VWHPV��7KLV�ZLOO�HQDEOH�WKH�HVWDEOLVKPHQW�RI�D�IUDPHZRUN�IRU�IXUWKHU
PRGHOLQJ��%\�XVLQJ�DQFLOODU\�GDWD�PDWKHPDWLFDO�PRGHOV�ZLOO�EH�FRQVWUXFWHG�LQ�RUGHU�WR�GHVFULEH
WKH�DQQXDO�G\QDPLF�SKHQRPHQD��7HPSRUDO�VDPSOHV�ZLOO�EH�VLPXODWHG�LQ�RUGHU�WR�UHFRQVWUXFW�WKH
WHPSRUDO� WUDMHFWRULHV� RI� WKHVH� SKHQRPHQD�� )LQDOO\�� WKH� ORQJ� WHUP� WHPSRUDO� G\QDPLFV� ZLOO� EH
DVVHVVHG�� 7KLV� ZLOO� DOORZ� WKH� HYDOXDWLRQ� RI� WKH� IHDVLELOLW\� RI� ORQJ� WHUP� PRQLWRULQJ� RI� FKDQJH
SDWWHUQV�E\�PHDQV�RI�9(*(7$7,21�GDWD�

7KH� UHVXOWV�ZLOO�KDYH�ERWK�DQ�RSHUDWLRQDO� DQG� D� VFLHQWLILF� VLJQLILFDQFH��2SHUDWLRQDOO\� WKH\�ZLOO� ILW
ZLWKLQ�VHYHUDO�RQJRLQJ�SURMHFWV��VXFK�DV�:&0&
V�:HWODQG�'LJLWDO�0DS�'DWDEDVH��::)�DQG�,8&1
V
ZHWODQG�UHVWRUDWLRQ�SURJUDPPHV��DQG�WKH�(XURSHDQ�&RPPXQLW\�:HWODQG�3URJUDPPH��6FLHQWLILFDOO\
LW� LV� DQWLFLSDWHG� WKDW� WKH� SURMHFW�ZLOO� SURYLGH� VXEVWDQWLDO� LPSURYHPHQWV� RYHU� SUHVHQW� V\VWHPV� IRU
WHPSRUDO�SURILOLQJ�RI�ODQG�IHDWXUHV��LQ�SDUWLFXODU�IRU�ZHWODQGV�
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9(*(7$7,21� GDWD� IRU� PRQLWRULQJ� ZRRG\� YHJHWDWLRQ� LQ� (XURSHDQ� ODQGVFDSH

IUDPHZRUNV

3ULQFLSDO�,QYHVWLJDWRU�� +�� *8/,1&.� � ,QVWLWXWH� IRU� /DQG� DQG� :DWHU� 0DQDJHPHQW�� /HXZHQ�
%HOJLXP

&R�LQYHVWLJDWRUV� 3RO�&RSSLQ��0DUWLQ�+HUP\��.DWKROLHNH�8QLYHUVLWHLW�/HXZHQ�

7KLV� SURMHFW� VHHNV� WR� DVVHVV� WKH� SRVVLELOLWLHV� RI� LPSOHPHQWLQJ� 9(*(7$7,21� GDWD� LQ� LQIRUPDWLRQ
GDWDEDVHV� KHOSIXO� WR� (XURSHDQ� SROLFLHV� FRQFHUQLQJ� UXUDO� DUHDV�� IRUHVWU\�� JUHHQ� VSDFH� DQG
HQYLURQPHQW�LQ�JHQHUDO��7KH�EDVLF�SUREOHP�LV� WR� ILQG�RXW�KRZ�WKH�FRDUVH�UHVROXWLRQ�9(*(7$7,21
GDWD�UHDFW�WR�WDUJHW�IHDWXUHV�LQ�D�KLJKO\�IUDJPHQWHG�FXOWXWDO�ODQGVFDSH�

7KH�ZRUN�K\SRWKHVLV�LV�WKDW�WKH�9(*(7$7,21�VLJQDOV��DQG�GLIIHUHQW�LQGLFHV�GHULYHG�IURP�WKHVH��FDQ
EH�PRGHOHG�DV�IXQFWLRQV�RI�WKH�DUHDO�FRQWULEXWLRQ�RI

• UHODWLYHO\�VWDEOH�ODQG�FRYHU�DQG�ODQGVFDSH�FDWHJRULHV�

• SUHGLFWDEOH�VHDVRQDO�YDULDWLRQV

• UHVLGXDO�FKDUDFWHULVWLFV�WKDW�DUH�GXH�WR�HQYLURQPHQWDO�DQG�RWKHU�DQRPDOLHV�

(PSKDVLV� ZLOO� EH� SXW� RQ� WKH� VLJQDO� FRQWULEXWLRQ� RI� ZRRG\� YHJHWDWLRQ� FRYHU�� )XUWKHUPRUH�� LW� LV
LPSRUWDQW�WR�SUHVHQW�WKH�LQIRUPDWLRQ�FRQWHQW�RI�9(*(7$7,21�GDWD�LQ�WHUPV�IDPLOLDU�WR�WKH�HQG�XVHU
FRPPXQLW\�RI�SODQQHUV�DQG�RI�SURGXFWLRQ�DQG�SURWHFWLRQ�HFRORJLVWV�

+LJK�UHVROXWLRQ�UHPRWH�VHQVLQJ�GDWD��6327��/DQGVDW�70��ZLOO�EH�XVHG�LQ�WZR�ZD\V�LQ�WKLV�UHVHDUFK�
)LUVWO\��WKH\�ZLOO�VHUYH�DV�LQIRUPDWLRQ�EDVLV�IRU�WKH�UHVDPSOLQJ�WR�9(*(7$7,21�GDWD��FRQFHQWUDWLQJ
RQ�WKUHH�VHDVRQDO�SHULRGV��6HFRQGO\�� WKH�6327�DQG�/DQGVDW�GDWD�ZLOO� EH� FODVVLILHG�DQG�FRPELQHG
ZLWK� H[WHUQDO� GDWD� VHWV� LQ� RUGHU� WR� FUHDWH� ODQG� FODVVHV� DQG� ODQGVFDSH� W\SHV� DFFRUGLQJ� WR� SURYHQ
PHWKRGV�� 7KHVH� FODVVHV� DQG� W\SHV� DUH� D� VWUDWLILFDWLRQ� EDVLV� IRU� ILHOG� VXUYH\LQJ�� HQDEOLQJ� WKH
UHILQHPHQW�RI�ERWK�WKH�9(*(7$7,21�VLPXODWLRQ�DQG�WKH�EDVLF�ODQG�FRYHU�FODVVLILFDWLRQ�

6WDWLVWLFDO� WHFKQLTXHV� ZLOO� EH� XVHG� WR� FRUUHODWH� VLPXODWHG� 9(*(7$7,21� GDWD� WR� ODQG� FRYHU� DQG
ODQGVFDSH�YDULDEOHV��7KLV�ZLOO�EH�DSSOLHG�RYHU�D�VWXG\�DUHD�FRYHULQJ�D�VXEVWDQWLDO�SDUW�RI�%HOJLXP
DQG�SDUWV�RI�WKH�1HWKHUODQGV�DQG�)UDQFH��DQ�DUHD�ZLWK�FRQWUDVWLQJ�ODQGVFDSH�IHDWXUHV�

,W�LV�H[SHFWHG�WKDW�VXFK�D�VWHSZLVH�DSSURDFK�HQFRPSDVVLQJ�WKH�DQDO\VLV�RI�VWDEOH��SUHGLFWDEOH�DQG
UHVLGXDO� FRPSRQHQWV� ZLOO� SHUPLW� DQ� HYDOXDWLRQ� RI� WKH� DSSOLFDELOLW\� RI� 9(*(7$7,21� IRU� GLIIHUHQW
SRWHQWLDO�XVHUV�RSHUDWLQJ�LQ�WKH�ILHOG�RI�UXUDO�DQG�HFRORJLFDO�SODQQLQJ�
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'LVWXUEHG�HFRV\VWHPV�G\QDPLFV�LQ�WKH�$UDO�VHD�UHJLRQ�E\�UHPRWH�VHQVLQJ�DQG

*,6�PHWKRGV

3ULQFLSDO�,QYHVWLJDWRU�� 'U�5�5(66/�*HUPDQ�$HURVSDYH�5HVHDUFK�&HQWUH��'/5�')'��*HUPDQ\

7KH�PDLQ�REMHFWLYH�RI�WKH�SURMHFW�LV�WKH�PRQLWRULQJ�RI�WKH�SUHVHQW�VWDWH�DQG�G\QDPLFV�RI�YHJHWDWLRQ
LQ�WKH�$UDO�VHD�UHJLRQ�DQG�SDUWLFXODUO\�LQ�WKH�$PX�'DUªMD�DPG�6\U�'DUªMD�GHOWDV��7KH�PRVW�LPSRUWDQW
SDUDPHWHUV�DUH�ELRGLYHUVLW\�DQG�ELRORJLFDO�SURGXFWLYLW\�RI� DJULFXOWXUDO� DQG�QRQ�DJULFXOWXUDO� ODQGV�
)RU� WKH� HYDOXDWLRQ� RI� WKHVH� SDUDPHWHUV� LQWUD�DQQXDO� PXOWLVSHFWUDO� 9(*(7$7,21� GDWD� ZLOO� EH
H[DPLQHG��7KH�FROOHFWHG�LQIRUPDWLRQ�ZLOO�EH�LQFRUSRUDWHG�LQ�WKH�H[LVWLQJ�*,6�RI�WKH�$UDO�VHD�UHJLRQ�
7KLV�LQFOXGHV�WKH�XSGDWLQJ�RI�WKHPDWLF�GDWD�OD\HUV�RI�WKH�*,6�DQG�PRGHOLQJ�RI�IXWXUH�GHYHORSPHQWV
RI� ORFDO� HFRV\VWHPV�� 7KHUH� LV� D� KLJK� QHHG� RI� IRUHFDVW� PRGHOLQJ� DV� WKH� IXWXUH� RI� LUULJDWLRQ�
HQYLURQPHQW��HFRQRPLF�VWDELOLW\�DQG�SRSXODWLRQ�KHDOWK�LV�LQ�JUDYH�GRXEW�

9(*(7$7,21� GDWD� KDYH� SULPDU\� LPSRUWDQFH� WR� SURYLGH� PRQLWRULQJ� DQG� PRGHOLQJ� RI� GHJUDGDWLRQ
SURFHVVHV�LQ�WKH�$UDO�VHD�UHJLRQ�GXH�WR�VHYHUDO�UHPDUNDEOH�IHDWXUHV��VXFK�DV�VLPXOWDQLW\�EHWZHHQ
KLJK�UHVROXWLRQ�GDWD��+59,5��DQG�ORZ�UHVROXWLRQ�GDWD�DQG�D�KLJK�IUHTXHQF\�RI�GDWD�DTXLVLWLRQ�

7KH�9(*(7$7,21�V\VWHP�DOORZV�IUHTXHQW�REVHUYDWLRQ�RI�DOO�VWXG\�DUHDV��ZKLFK�ZLOO�EH�HVVHQWLDO�WR
VWXG\�VHDVRQDO�FRQGLWLRQV�DQG�YDULDWLRQV�DQG�VKRUW�WLPH�SKHQRPHQD�

7KXV�WKH�9(*(7$7,21�LPDJHU\�ZLOO�EH�LPSRUWDQW�WR�LQYHVWLJDWH�WKH�FXUUHQW�HFRORJLFDO�VLWXDWLRQ�DQG
WR� GHYHORS� DQ� HQYLURQPHQWDO� UHKDELOLWDWLRQ� SODQ� DQG� VXVWDLQDEOH� GHYHORSPHQW� SURMHFWV� LQ� WKH
UHJLRQ�

7KH�DSSOLFDWLRQ�RI�9(*(7$7,21�GDWD�DQG�WKH�LPSOHPHQWDWLRQ�LQ�WKH�H[LVWLQJ�$UDO�VHD�*,6�ZLOO�KDYH
GLUHFW�UHOHYDQFH�WR� ODQG�PDQDJHPHQW�DQG�QDWXUH� FRQVHUYDWLRQ�� ,Q�DGGLWLRQ� WKH�GDWD�ZLOO� DVVLVW� WR
HODERUDWH� UHFRPPHQGDWLRQV�RQ� UDWLRQDO� DQG�VXVWDLQDEOH� VWUDWHJLHV� IRU� IXUWKHU�GHYHORSPHQW�RI� WKH
$UDO�VHD�UHJLRQ�

7KH�UHVXOWV�RI�WKH�UHVHDUFK�ZLOO�EH�XVHG�E\�ORFDO�GHFLVLRQ�PDNHUV�DQG�SODQQHUV�DV�ZHOO�DV�E\�VHYHUDO
LQWHUQDWLRQDO�PLVVLRQV�ZRUNLQJ�LQ�WKLV�UHJLRQ��H�J��81(6&2��81'3��HWF��

0DSSLQJ��PRQLWRULQJ�DQG�PRGHOLQJ�RI�YHJHWDWLRQ�FRXOG�FRQWULEXWH�WR�LQWHUQDWLRQDO�SURJUDPV��VXFK
DV�©(FRORJLFDO�5HVHDUFK�DQG�PRQLWRULQJ�LQ�WKH�$PX�'DUªMD�DQG�6\U�'DUªMD�GHOWDV�DW�WKH�$UDO�VHD�DV�D
EDVLV�IRU�UHVWRUDWLRQª�E\�81(6&2�%0)7������5$6������RU�©6\VWHP�RI�REVHUYDWLRQ�DQG�PRQLWRULQJ�RI
HQYLURQPHQWDO�GHJUDGDWLRQ�DQG�GHVHUWLILFDWLRQ� LQ�WKH�$UDO�VHDª�E\� WKH� ,QVWLWXWH�RI�*HRJUDSK\�5$6
DQG�RWKHUV�
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0RQLWRULQJ�%RUHDO�)RUHVW�5HVRXUFHV�LQ�1RUWKHUQ�(XURSH

3ULQFLSDO�,QYHVWLJDWRU�� %��3,17<��/$03�&OHUPRQW�)HUUDQG�

&R�LQYHVWLJDWRUV 'U�+�-RKQVHQ�	�2�(QJHOVHQ��12587�,7�
'U�0�9HUVWUDHWH�	�<�*RYDHUWV��6$,�-5&�
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63$7(0��6SDWLDO�WHPSRUDO�LQWHJUDWLRQ�RI�VDWHOOLWH�GDWD��DQ�LPDJH�VHJPHQWDWLRQ

DSSURDFK� IRU� WKH� LPSURYHPHQW� RI� HQYLURQPHQWDO� PRQLWRULQJ� DQG� PRGHOLQJ

ZLWK�WKH�9(*(7$7,21�LQVWUXPHQW

3ULQFLSDO�,QYHVWLJDWRU�� 'U��$JXVWtQ�/RER�,QVWLWXWR�GH�&LHQFLDV�GH�OD�7LHUUD��-DXPH�$OPHUD���&��6�
,��&���%DUFHORQD�63$,1

&RDUVH�VSDWLDO�UHVROXWLRQ�LPDJHU\�RI�KLJK�WHPSRUDO�IUHTXHQF\�KDV�SURYHG�WR�EH�RI�JUHDW�YDOXH�IRU�WKH
VWXG\� RI� WHUUHVWULDO� HFRV\VWHPV�� 6HYHUDO� UHVHDUFK� DSSURDFKHV� DUH� EHLQJ� FRQGXFWHG� WR� VLPXODWH
WHUUHVWULDO� HFRORJLFDO�SURFHVVHV�ZLWK�PRGHOV� WKDW� XVH� WKLV� LPDJHU\� DV� D� IXQGDPHQWDO� LQIRUPDWLRQ�
6XFK�PRGHOV�EDVHG�RQ�FRDUVH�VSDWLDO� UHVROXWLRQ� ��!���.P���DSSHDU� WR�EH�SURPLVLQJ�DW� JOREDO� DQG
FRQWLQHQWDO�VFDOHV�

1HYHUWKHOHV��WKHUH�LV�DQ�LQFUHDVLQJ�FRQFHUQ�RQ�WKH�UHJLRQDO�YDOXH�RI�SUHGLFWLRQV�SURGXFHG�E\�PRGHOV
EDVHG�RQ�FRDUVH�VSDWLDO�UHVROXWLRQ�LPDJHU\�

7KLV� LV� SDUWLFXODUO\� FULWLFDO� IRU� DUHDV� �VXFK� ,EHULD�� WKDW� FRQWDLQ� PDMRU� HFRWRQHV� DQG� DUH� WKXV
FDQGLGDWHV�WR�PDMRU�HQYLURQPHQWDO�LPSDFWV�LQ�FDVH�RI�JOREDO�ZDUPLQJ��$OVR��WKH�UHJLRQDO�DFFXUDF\�RI
PRGHOV� EDVHG� RQ� FRDUVH� VSDWLDO� UHVROXWLRQ� LPDJHU\� LV� PRUH� TXHVWLRQDEOH� LQ� ,EHULD� �DQG� WKH
(XURSHDQ�0HGLWHUUDQHDQ�5HJLRQ��EHFDXVH�WKH�FRUH�RI�ODQGVFDSH�IUDJPHQWDWLRQ�RFFXUV�DW�DQ�VSDWLDO
VFDOH�VLPLODU�WR�WKH�VL]H�RI�WKH�FRDUVH�SL[HO��WKXV�SURGXFLQJ�D�ODUJH�QXPEHU�RI���PL[HG���SL[HOV�WKDW
FRQWDLQ�GLIIHUHQW�W\SHV�RI�ODQGVFDSH�XQLWV��2Q�WKH�RWKHU�KDQG��KLJK�VSDWLDO�UHVROXWLRQ�LPDJHU\��+59�
70�� WKDW� FDQ� EH� XVHG� IRU� PRUH� DSSURSULDWH� ODQGVFDSH� PDSSLQJ�� ODFNV� WKH� HVVHQWLDO� WHPSRUDO
LQIRUPDWLRQ�

:H�SURSRVH� LQ� WKLV�SURMHFW� WR� LQWHJUDWH� WKH�KLJK� VSDWLDO� UHVROXWLRQ� RI� WKH�+59,5� VHQVRU�ZLWK� WKH
KLJK� WHPSRUDO� UHVROXWLRQ� RI� WKH� 9(*(7$7,21� LQVWUXPHQW� WDNLQJ� DGYDQWDJH� RI� WKH� VLPXOWDQHRXV
SUHVHQFH�RI�WKHVH�WZR�W\SHV�RI�VHQVRUV�LQ�WKH�IXWXUH�6327�SODWIRUPV��7R�DFFRPSOLVK�WKLV�JRDO�ZH�ZLOO
XVH� DQ� LPDJH� VHJPHQWDWLRQ� DSSURDFK� �,0250�� ,WHUDWLYH� 0XWXDOO\� 2SWLPXP� 5HJLRQ� 0HUJLQJ�
GHYHORSHG�E\�WKH�DXWKRUV��$�VHJPHQWDWLRQ�EDVHG�SURFHVVLQJ�ZLOO�GHOLPLW�ODQGVFDSH�XQLWV�LQ�WKH�KLJK
VSDWLDO� UHVROXWLRQ� LPDJHU\� DQG� IXOO\� LQVFULEHG� � � �SXUH��� FRDUVH� VSDWLDO� UHVROXWLRQ� SL[HOV� ZLOO� EH
VHOHFWHG�WR�SURYLGH�WKH�WHPSRUDO�G\QDPLFV�LQIRUPDWLRQ�

2XU�REMHFWLYHV�DUH���L��WR�JLYH�D�TXDQWLWDWLYH�SKHQRORJLFDO�GHVFULSWLRQ��EDVHG�RQ��SXUH��FRDUVH�VSDWLDO
UHVROXWLRQ� SL[HOV�� RI� ODQGVFDSH� XQLWV� GHILQHG� ZLWK� WKH� KLJK� VSDWLDO� UHVROXWLRQ� LPDJHU\�� �LL�� WR
HYDOXDWH�WKH�LPSURYHPHQW�LQWURGXFHG�E\�WKLV��SXUH��SKHQRORJLFDO�VLJQDOV�RQ�VDWHOOLWH�EDVHG�SULPDU\
SURGXFWLRQ�PRGHOV�� DQG� �LLL�� WR� HYDOXDWH� WKH� LPSURYHPHQW� LQWURGXFHG� E\� WKH� �SXUH�� SKHQRORJLFDO
VLJQDO� RI� 9(*(7$7,21� RYHU� 0HGLWHUUDQHDQ� FRPPXQLWLHV� YHUVXV� WKH� $9+55�1'9,� �SXUH�
SKHQRORJLFDO�VLJQDO�

7KLV�SURMHFW�ZLOO�XVH� ,EHULD�DV�D�FRQYHQLHQW�DUHD�RI� VWXG\�GXH� WR� LWV�KLJK�HQYLURQPHQWDO�GLYHUVLW\
DQG� LWV� VWURQJ� FOLPDWLF� JUDGLHQW�� ,Q� SDUWLFXODU� ZH� ZLOO� IRFXV� LQ� D� KHWHURJHQHRXV� UHJLRQ� LQ� ZKLFK
RWKHU� FXUUHQW� HQYLURQPHQWDO� DQG� VDWHOOLWH�EDVHG� UHVHDUFK� LV� EHLQJ� FRQGXFWHG� E\�PHPEHUV� RI� WKH
UHVHDUFK�WHDP�

7KLV� UHVHDUFK�ZLOO� LPSURYH� RXU�PRQLWRULQJ� DQG� SUHGLFWLRQV� RI� YHJHWDWLRQ� SURSHUWLHV� DW� D� UHJLRQDO
VFDOH��$V�VXFK��LW�ZLOO�EH�UHOHYDQW�IRU�WKH�RSHUDWLRQDO�XVH�RI�9(*(7$7,21�LQ�WKH�DVVHVVPHQW�RI�WKH
LPSDFW�RI�FOLPDWH�G\QDPLFV�RQ�HFRV\VWHPV��ERWK�QDWXUDO�DQG�DJULFXOWXUDO�RQHV��DW�D�UHJLRQDO�VFDOH�
%\�VHOHFWLQJ�DQ�,EHULDQ�UHJLRQ�DV�DUHD�RI�VWXG\�ZH�IRFXV�RQ�DQ�DUHD�WKDW�LV�SDUWLFXODUO\�WKUHDWHQHG
IURP� WKH� SRLQW� RI� YLHZ� RI� JOREDO� ZDUPLQJ� DQG� QHJDWLYHO\� DIIHFWHG� E\� WKH� (XURSHDQ� &RPPRQ
$JULFXOWXUDO�3ROLF\�

7KLV� SURMHFW� ZLOO� FRPSOHPHQW�� WDNH� DGYDQWDJH� RI� DQG� FRQWULEXWH� WR� WZR� RWKHU� FXUUHQW� UHVHDUFK
SURMHFWV� �IXQGHG�E\�WKH�*RYHUQPHQW�RI�6SDLQ�DQG� WKH�(�&�� UHVSHFWLYHO\�� DQG�RQH�PRUH� VXEPLWWHG
SURMHFW�
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$SSOLFDWLRQV�RI�9(*(7$7,21�GDWD�WR�UHVRXUFHV�PDQDJHPHQW�LQ�$ULG�DQG�VHPL�

DULG�UDQJHODQGV

3ULQFLSDO�,QYHVWLJDWRU�� 'U�$JQHV�%(*8(�&,5$'�&$�02173(//,(5�)UDQFH

&R�LQYHVWLJDWRUV 'U�-��4L�	�3�+HLOPDQ��86'$�$56��86�
'U�%�,0$0��8��RI�$UL]RQD��86�
'U�*�&KHKERXQL��256720��0H[LFR�
'U�5�(VFDGDIDO��256720��-5&��,VSUD��,WDO\�
'U�%�0RXJHQRW��256720��1LJHU�
'U�$�5R\HU�	�%�'MDE\��$*5+<0(7��1LJHU�
'U�&�:DWWV�	�+�$ELDV��&,'(621��0H[LFR�

$ULG� DQG� VHPL�DULG� UHJLRQV� FRPSURPLVHG� RQH� WKLUG� RI� WKH� WHUUHVWULDO� HDUWK� VXUIDFHV� DQG� DUH
YXOQHUDEOH� WR� HQYLURQPHQWDO� FKDQJHV� LQGXFHG� E\� QDWXUDO� HYHQWV� DQG� KXPDQ� DFWLYLWLHV�
5HGLVWULEXWLRQ�RI�ELRGLYHUVLW\�DQG� ODQG�GHJUDGDWLRQ�� DV�D� FRQVHTXHQFH�RI� HQYLURQPHQWDO� FKDQJHV�
GLUHFWO\�LPSDFW�WKH�VXVWDLQDELOLW\�RI�WKH�DULG�HFRV\VWHPV��,W�LV��WKHUHIRUH��VFLHQWLILFDOO\�DQG�VRFLHWDOO\
LPSHUDWLYH� WR� VWXG\� DULG� HFRV\VWHPV� DV� D� IXQFWLRQ� RI� PDQDJHPHQWDO� SUDFWLFHV� DQG� K\GURORJLFDO
SURFHVVHV�UHODWHG�WR�WKH�HQYLURQPHQWDO�FKDQJHV�

,Q� WKLV� SURSRVDO�� ZH� SURSRVH� DQ� LQYHVWLJDWLRQ� RI� XVLQJ� WKH� GDWD� WR� EH� DFTXLUHG� ZLWK� WKH
9(*(7$7,21�VHQVRU�WR�VHHN�VRPH�SUDFWLFDO�DQG�RSHUDWLRQDO�VROXWLRQV�WR�WKHVH�VFLHQFH�DQG�VRFLHWDO
SUREOHPV��7ZR�VWHSV�ZLOO�EH�XQGHUWDNHQ�LQ�WKLV�LQYHVWLJDWLRQ��7KH�ILUVW�VWHS�ZLOO�EH�WR�XVH�WKH�EOXH
DQG�0,5�VSHFWUDO�FKDQQHOV�DYDLODEOH�RQ�9(*(7$7,21�VHQVRU�WR�REWDLQ��L��D�EHWWHU�TXDOLW\�YHJHWDWLRQ
LQGLFDWRU�E\�FRUUHFWLQJ�IRU�WKH�VRLO�HIIHFWV�DQG��LL��LQIRUPDWLRQ�RQ�WKH�VRLO�FKDUDFWHULVWLFV��DQG�VHFRQG
VWHS� ZLOO� EH� WR� LQYHVWLJDWH� DQ� RSHUDWLRQDO� VWUDWHJ\� WR� XVH� WKH� 9(*(7$7,21� GDWD�� DIWHU� VRLO
FRUUHFWLRQV�� WR�SURYLGH�UHVRXUFH�PDQDJHUV�ZLWK�FULWLFDO� LQIRUPDWLRQ�RQ�YHJHWDWLRQ�DQG�VRLO� WR�KHOS
WKHP�LQ�PDNLQJ�PDQDJHPHQW�GHFLVLRQV��7KH�DOJRULWKP�GHYHORSPHQW�DQG�FDOLEUDWLRQ�ZLOO�EH�FDUULHG
RXW�ZLWK�H[LVWLQJ�JURXQG�DQG�VDWHOOLWH�GDWD�DW�86��0H[LFR�DQG�1LJHU�VLWHV�WR�HQVXUH�JHQHUDOL]DWLRQ
FDSDELOLW\�
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$QWDUFWLF�VQRZ�FKDUDFWHULVWLFV�IURP�32/'(5�DQG�9(*(7$7,21�GDWD

3ULQFLSDO�,QYHVWLJDWRU� 'U�0�),/<�/DERUDWRLUH�GH�*ODFLRORJLH�HW�*HRSK\VLTXH�GH�O
(QYLURQQHPHQW
6DLQW�0$57,1�G
+HUHV�)UDQFH

&R�LQYHVWLJDWRUV� 'U�%�6FKPLWW�	�&�*HQWKRQ��/**(�

7KH�PDLQ�REMHFWLYH�RI�WKLV�SURSRVDO�LV�WR�XVH�9(*(7$7,21�ZLWK�32/'(5�GDWD�WR�VWXG\�WKH�DOEHGR�RI
VQRZ�LQ�$QWDUFWLFD��7ZR�PDLQ�IDFWRUV�ZKLFK�FDQ�PRGLI\�WKH�DOEHGR�DUH�WKH�URXJKQHVV�DQG�WKH�JUDLQ
VL]H��WKH�SROOXWLRQ�LV�QHJOLJLEOH�LQ�$QWDUFWLFD��7KRVH�IDFWRUV�DUH�FKDQJLQJ�XSRQ�VSDFH�DQG�WLPH�RYHU
WKH�LFH�VKHHW��WKH\�ZLOO�EH�VWXGLHG�RQ�D�ODUJH�VFDOH��7KLV�VWXG\�ZLOO�KHOS�WKH�SDUDPHWHUL]DWLRQ�RI�WKH
DOEHGR� LQ� *&0� �*OREDO� &OLPDWH� 0RGHOV�� GHSHQGLQJ� RQ� FOLPDWH� SDUDPHWHUV� VXFK� DV� WKH� VQRZ
DFFXPXODWLRQ�UDWH��WKH�WHPSHUDWXUH�RU�WKH�ZLQG�

7KLV�SURSRVDO�LV�FORVHO\�OLQNHG�WR���RWKHU�SURMHFWV�ZKLFK�DUH�DOUHDG\�DFFHSWHG�DQG�IXQGHG�

• $QWDUFWLF�VQRZ�FKDUDFWHULVWLFV� IURP�32/'(5�RQ�$'(26��0��)LO\��3,��32/'(5�GDWD�ZLOO�SURYLGH
WKH� QHFHVVDU\� LQIRUPDWLRQ� RQ� WKH� %5')� WKDW� DUH� QHFHVVDU\� WR� LQWHUSUHW� WKH� GLUHFWLRQDO
9(*(7$7,21�PHDVXUHPHQWV

• ,QYHVWLJDWLRQ�DQG�PRGHOLQJ�RI�WKH�SK\VLFDO�FKDUDFWHULVWLFV�DQG�SURSHUWLHV�RI�VQRZ�DW�WKH�VXUIDFH
RI�SRODU�LFH�VKHHWV��3URMHFW�3RODU�6QRZ�DFFHSWHG�E\�(&��&��*HQWKRQ�IURP�/**(�LV�3,��7KH�VXUIDFH
JUDLQ�VL]H�DQG�WKH�VQRZ�DOEHGR�DUH�LPSRUWDQW�LQSXW�DQG�RXWSXW�RI�WKH�PHWDPRUSKLVP�PRGHO�ZH
XVH��9(*(7$7,21�PHDVXUHPHQWV�ZLOO�EH�XVHG�WR�JHW�WKH�VSDWLDO�DQG�WHPSRUDO�YDULDWLRQV�RI�WKH
JUDLQ�VL]H�RYHU�WKH�LFH�VKHHW�

• 'HYHORSPHQW� RI� D� VSHFWUR�JRQLRPHWULF� V\VWHP� LQ� D� FROG� ODERUDWRU\� IRU� WKH� VQRZ� %5')
PHDVXUHPHQWV��FRRUGLQDWHG�E\�%��6FKPLWW�IURP�/**(��7KH�%5')�RI�VPRRWK�VQRZ�LV�QHFHVVDU\�WR
EH� DEOH� WR� JHW� WKH� URXJKQHVV� DQG� WKH� VXUIDFH� VORSHV� IURP� 32/'(5� PHDVXUHPHQWV�� 7KRVH
PHDVXUHPHQWV�ZLOO�DOVR�EH�XVHG�IRU�WKH�UHIOHFWDQFH�PRGHO�YDOLGDWLRQ�

9(*(7$7,21�LV�DQ�DGHTXDWH�LQVWUXPHQW�EHFDXVH�

• LW�SURYLGHV�LPDJHV�RQ�D�ODUJH�HQRXJK�VFDOH�WR�VWXG\�WKH�FRPSOHWH�LFH�VKHHW

• WKH�PLGGOH�LQIUDUHG�FKDQQHO��0,5��GHSHQGV�VWURQJO\�RQ�WKH�JUDLQ�VL]H

• 0,5�FKDQQHO�ZLOO�KHOS�FORXG�GHWHFWLRQ

0DQ\�VWXGLHV�DUH�SUHVHQWO\�XQGHU�GHYHORSPHQW�LQ�RXU�ODERUDWRULHV�ZKLFK�DUH�GLUHFWO\�UHODWHG�WR�WKH
IXWXUH�LQWHUSUHWDWLRQ�RI�9(*(7$721�GDWD�

• GHYHORSPHQW�RI�D�VQRZ�ELGLUHFWLRQDO�UHIOHFWDQFH�PRGHO

• VWXG\�RI�WKH�HIIHFW�RI�WKH�VQRZ�JHRPHWU\��VL]H�DQG�VKDSH��RQ�WKH�UHIOHFWDQFH

• VWXG\�RI�WKH�HIIHFWV�RI�WRSRJUDSK\�DQG�URXJKQHVV�RQ�VDWHOOLWH�LPDJHV�

:H�DUH�DVVRFLDWHG�WR�PDQ\�VFLHQWLILF�WUDYHUVHV�ZKLFK�DUH�SODQQHG�LQ�WKH�QH[W�\HDUV�RQ�WKH�$QWDUFWLF
,FH� 6KHHW�� 5HPRWH� VHQVLQJ� UHODWHG� VWXGLHV� ZLOO� EH� GRQH� DORQJ� WKHVH� WUDYHUVHV� IRU� YDOLGDWLRQ�� LQ
SDUWLFXODU�FRQFHUQLQJ�WKH�URXJKQHVV�DQG�WKH�JUDLQ�VL]H�
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$� FRPSDUDWLYH� DQG� V\QHUJLVWLF� VWXG\� RI� $765�
V� DQG� WKH� 9(*(7$7,21

6\VWHP
V�UHVSRQVH�WR�FKDQJHV�LQ�9(*(7$7,21�FRYHU

3ULQFLSDO�,QYHVWLJDWRU�� 3U�'�/OHZHOO\Q�-RQHV�8QLYHUVLW\�RI�/HLFHVWHU�8.

&R�LQYHVWLJDWRUV 3U�$�0LOOLQJWRQ��'U�-�:HOOHQV��)�*HPPHO��*��0DFND\��8QLY��RI�/HLFHVWHU�
'U�&�0XWORZ��5XWKHUIRUG�$SSOHWRQ�/DERUDWRU\�

7KLV�SURSRVDO�LV�WR�FDUU\�RXW�D�FRPSDUDWLYH�VWXG\�RI�WKH�UHVSRQVH�RI�GDWD�IURP�WKH�$765���DQG�WKH
9(*(7$7,21� V\VWHP� VSDFH�ERUQH� VHQVRUV� WR� UHIOHFWHG� VLJQDOV� IURP� ODQG� VXUIDFHV� ZLWK� ODUJH
YDULDWLRQVLQ�YHJHWDWLRQ�FRYHU��7KH�UHVXOWV�ZLOO�EH�XVHG� LQLWLDOO\� �3KDVH���� WR�HYDOXDWH�DQG�VLPXODWH
WKH�UHVSRQVH�RI�WKH�9(*(7$7,21�V\VWHP�LQVWUXPHQW�WR�FKDQJHV�LQ�YHJHWDWLRQ�FRYHU��DQG�VHFRQGO\
�3KDVH����WR�H[SORLW�WKH�PXOWL�DQJOH�VDPSOLQJ�JHRPHWULHV�RI�WKH�WZR�LQVWUXPHQWV�LQ�RUGHU�WR�GHYHORS
V\QHUJLVWLF� DSSOLFDWLRQV� RI� WKH� GDWD� WR� GHWHUPLQH� WKH�PXOWL�GLUHFWLRQDO� SURSHUWLHV� RI� WKH� UHIOHFWHG
VLJQDO�IURP�WKH�(DUWK
V�VXUIDFH�

7KH�ZRUN�GUDZV�WRJHWKHU�WZR�VHSDUDWH�REVHUYDWLRQ�DQG�DQDO\VLV�SURJUDPPHV�XVLQJ�$765���GDWD�WR
PRQLWRU�DQG�DQDO\VH�WKH�FKDUDFWHULVWLFV�RI�YHJHWDWLRQ�LQ�ZLGHO\�FRQWUDVWLQJ�JHRJUDSKLF�UHJLRQV��DQG
DOVR�GUDZV�WRJHWKHU�WKH�VFLHQWLILF�H[SORLWDWLRQ�SURJUDPPHV�RI�WZR�LPSRUWDQW�DQG�LQQRYDWLYH�VDWHOOLWH
VHQVRUV��QDPHO\�$765���DQG�WKH�9(*(7$7,21�V\VWHP�

7KH� VHQVRU� WR� EH� XVHG� H[FOXVHYHO\� LQ� WKH� LQLWLDO� SDUWV� RI� WKH� SURJUDPPH�� WKH� $765���� KDV� IRXU
UHIOHFWHG� 9,6�1,5� FKDQQHOV� �DW� ����� ������ ����� DQG� ����� PLFURQV�� ZKRVH� ZLGWKV� DQG� FHWUH�
ZDYHOHQJWKV�DUH�FORVH�WR�WKRVH�RI�WKH�9(*(7$7,21�V\VWHP�VHQVRU��$�FRPSDUDWLYH�DVVHVVPHQW�ZLOO
EH� FDUULHG� RXW� RQ� WKH�PDLQ� FKDUDFWHULVWLFV� RI� WKH� WZR� VHQVRUV�� FRQFHQWUDWLQJ� RQ� WKHLU� EDQG�SDVV
FKDUDFWHULVWLFV� �ZKLFK� DUH� YHU\� VLPLODU�� DQG� RQ� WKHLU� YLHZLQJ� JHRPHWULHV� DQG� VDPSOLQJ
FKDUDFWHULVWLFV��ZKLFK�DUH�GLIIHUHQW�DW�WKH�HGJHV�RI�WKH�9(*(7$7,21�V\VWHP�VZDWK��

$Q�DVVHVVPHQW�ZLOO�DOVR�EH�FDUULHG�RXW�RI�WKH�PDLQ�FKDUDFWHULVWLFV�RI�WKH�$765���FKDQQHO�UHVSRQVH
WR�VPDOO�FKDQJHV� LQ�YHJHWDWLRQ�FRYHU��$V�ZLWK�WKH�9(*(7$7,21�V\VWHP�� WKH� VHQVLWLYLW\�RI�$765��
GDWD�WR�YHJHWDWLRQ�FKDQJHV�LV�H[SHFWHG�WR�EH�VXSHULRU�WR�WKDW�RI�GDWD�IURP�VHQVRUV�VXFK�DV�$9+55
ZKHUH� WKH�EDQGV�DUH� UHODWLYHO\�EURDG�ZLWK� UHVSHFW� WR� WKH� VSHFWUDO� IHDWXUHV� RI� WKH� UHIOHFWHG� VLJQDO
IURP� YHJHWDWLRQ�� 6XEVHTXHQWO\�� GDWD� DFTXLUHG� IURP� ERWK� VHQVRUV� ZLOO� EH� XVHG� WR� LQYHVWLJDWH� WKH
PXOWL�GLUHFWLRQDO�FKDUDFWHULVWLFV�RI�UHPRWHO\�VHQVHG�VLJQDOV�IURP�YHJHWDWLRQ�


