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.L\DVKFKHQNR�/�9���5H\PHU�9�9���7\XW\XQLNRY�

$�$��� 7NDFKHYD� 1�9�� )RUHFDVWLQJ� WKH�

GHYHORSPHQW�RI�DJULFXOWXUH�LQ�WKH�UHJLRQ�RQ�

WKH�EDVLV�RI�$5,0$�PRGHO����,QWHUQDWLRQDO�
-RXUQDO� RI� 3KDUPDF\� DQG� 7HFKQRORJ\��
������Y����QR�����SS��������������
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7LXWLXQLNRY�$OHNVDQGU�$OHNVDQGURYLFK���&DQG��6F���(FRQ����$VVRF��3URI�

.XNVLQ�6HUJHL�9ODGLPLURYLFK���*UDGXDWH�VWXGHQW��$VVLVW��3URI�

��)HGHUDO�6WDWH�%XGJHW�6FLHQWL¿F�,QVWLWXWLRQ�©6FLHQWL¿F�5HVHDUFK�,QVWLWXWH�RI�(FRQRPLFV�

DQG� 2UJDQL]DWLRQ� RI� WKH� $JURLQGXVWULDO� &RPSOH[� RI� WKH� &HQWUDO� %ODFN� (DUWK� 5HJLRQ�

RI� WKH� 5XVVLDQ� )HGHUDWLRQª�� 6HUD¿PRYLFKD� VW��� ��D�� 9RURQH]K�� 5XVVLD�� �������� 

H�PDLO��W\WQQ#UDPEOHU�UX

�� 9RURQH]K� 6WDWH� $JUDULDQ� 8QLYHUVLW\�� 0LFKXULQD� VW��� ��� 9RURQH]K�� 5XVVLD�� ��������

NXNVLQ�VHUJHM#\DQGH[�UX

3XUSRVH�� WKH� DUWLFOH� LV� GHYRWHG� WR� WKH� XVH� RI� VWRFKDVWLF�PHWKRGRORJLFDO�

WRROV� IRU� ORQJ�WHUP� IRUHFDVWLQJ� RI� UHJLRQDO� OHYHO� JUDLQ� SURGXFWLRQ��

'LVFXVVLRQ�� WKRVH� WRROV� LV� D�SUREDELOLVWLF�PRGHOV� VHW� RI� JUDLQ�SURGXFWLRQ�

EDVLF�LQGLFDWRUV��$�PXOWLSOH�H[SHULPHQW�RQ�WKHVH�PRGHOV�DOORZV�REWDLQLQJ�

VWDWLVWLFDO� FKDUDFWHULVWLFV� RI� WKH� JUDLQ� LQGXVWU\� GHYHORSPHQW� SDUDPHWHUV��

RQ� WKH� EDVLV� RI� ZKLFK� DOWHUQDWLYH� VFHQDULRV� DUH� GHVLJQHG�� :LWKLQ� WKH�

SURSRVHG�PHWKRGRORJ\�IUDPHZRUN��WKH�UHJLRQDO�PXQLFLSDO�GLVWULFWV��ZKLFK�

KDYH� VLPLODU� SDWWHUQV� RI� JUDLQ� \LHOG� ORQJ�G\QDPLFV�� DUH� JURXSHG� RQ� WKH�

EDVLV� RI� FOXVWHU� DQDO\VLV��$� \LHOG�GHYLDWLRQV�PDS�ZDV� FRPSLOHG� IRU� HDFK�

RI� WKH� VHOHFWHG� JURXSV�� 'HYLDWLRQ� PDSV� DUH� XVHG� WR� VLPXODWH� SVHXGR�

UDQGRP�PHFKDQLVPV� IRU� ÀXFWXDWLQJ� FURS� \LHOGV� LQ� WKH� IXWXUH�� LQFOXGLQJ�

SHUVLVWHQW� UHFXUULQJ� VLWXDWLRQV� �SDWWHUQV�� RI� JURXS� DQG� JHQHUDO� WUHQGV��

)RUHFDVWLQJ�WKH�KDUYHVWHG�DUHDV�G\QDPLFV�RI�JUDLQ�FURSV�LV�SURSRVHG�WR�EH�

LPSOHPHQWHG�RQ�WKH�EDVLV�RI�WZR�FRPSRQHQWV��WUHQG�PRGHOV�RI�WLPH�VHULHV�

DQG�SUREDELOLVWLF�PRGHOV�RI�RVFLOODWLRQV��LQFOXGLQJ�WKH�SUHYLRXVO\�REVHUYHG�

GHYLDWLRQV�FKDUDFWHULVWLFV��$�ORW�RI�DOWHUQDWLYH�IRUHFDVWV�RI�WKH�JUDLQ�LQGXVWU\�

GHYHORSPHQW�SDUDPHWHUV� DUH� IRUPHG�RQ� WKH�EDVLV�RI� \LHOGV�DQG�KDUYHVW�

DUHDV�IRUHFDVWV�XVLQJ�WKH�0RQWH�&DUOR�PHWKRG��6WDWLVWLFDO�SURFHVVLQJ�RI�WKH�

REWDLQHG�GDWD�VHW�DOORZV�WR�LQWHUSUHW�WKH�IRUHFDVW�SDUDPHWHUV�DV�D�ZKROH��

QRWLQJ� GLIIHUHQW� YDULRXV� GHYHORSPHQW� VFHQDULRV�� 5HVXOWV�� WKH� SURSRVHG�

SUREDELOLVWLF�VLPXODWLRQ�PRGHO�RI�JUDLQ� LQGXVWU\�GHYHORSPHQW�SDUDPHWHUV�

SUHGLFWLRQ�ZDV�WHVWHG�RQ�WKH�9RURQH]K�5HJLRQ�GDWD�IRU�����������

.H\ZRUGV�� JUDLQ� SURGXFWLRQ�� IRUHFDVWLQJ� RI� JUDLQ� \LHOGV�� SUREDELOLVWLF�

VLPXODWLRQ�PRGHOLQJ��JUDLQ�EDODQFH�

5HIHUHQFHV

��� $\YD]\DQ� 6�$��� %XNKVKWDEHU� 9�0���

<HQ\XNRY� ,�6��� 0HVKDONLQ� /�'�� $SSOLHG�
VWDWLVWLFV�� FODVVL¿FDWLRQ� DQG� UHGXFWLRQ� RI�
GLPHQVLRQ��0RVFRZ��)LQDQFH�DQG�6WDWLVWLFV��
�������,Q�5XVV��

��� $\YD]\DQ� 6�$��� 0NKLWDU\DQ� 9�6��

$SSOLFDWLRQ� VWDWLVWLFV�� %DVLFV� RI� (FR�
QRPHWULFV��9RO�����7KHRU\�RI�SUREDELOLW\�DQG�
DSSOLHG� VWDWLVWLFV�� 0RVFRZ�� <XQLWL�'DQD��
�������,Q�5XVV��
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��� %DELQ� '�,��� 8OH]
NR� $�9��� 7LXWLXQL�� 

NRY�$�$��3HUVSHFWLYH�SDUDPHWHUV�RI�WKH�IRRG�

PDUNHW� UHVRXUFH�EDVH�GHYHORSPHQW� LQ� WKH�

9RURQH]K�UHJLRQ��%XOOHWLQ�RI� WKH�9RURQH]K�
6WDWH�$JUDULDQ�8QLYHUVLW\��������QR����������
SS������������,Q�5XVV��

���%RO
VKDNRY�$�$���.DULPRY�5�1��0HWKRGV�
IRU� SURFHVVLQJ� PXOWLGLPHQVLRQDO� GDWD� DQG�
WLPH� VHULHV�� 0RVFRZ�� *RU\DFKD\D� OLQL\D� ±�
7HOHNRP���������,Q�5XVV��

���%XNKRYHWV�$�*���6HPLQ�(�$���%LU\�XFKLQ�

VND\D�7�<��0RGHUQ�DSSURDFKHV�DQG�PHWKRGV�
LQ� IRUHFDVWLQJ� WKH� \LHOG� RI� FHUWDLQ� FURSV�
W\SHV��9RURQH]K��)*%28�92�9RURQH]KVNL\�
*$8���������,Q�5XVV��

��� 8QL¿HG� LQWHUGHSDUWPHQWDO� LQIRUPDWLRQ�

DQG� VWDWLVWLFDO� V\VWHP�� 2I¿FLDO� VLWH� RI� WKH�

)HGHUDO� 6WDWH� 6WDWLVWLFV� 6HUYLFH�� $YDLODEOH�

DW�� KWWSV���ZZZ�IHGVWDW�UX�RUJDQL]DWLRQV��

�DFFHVVHG��������������

���0DQGHO� ,�'��&OXVWHU�DQDO\VLV��0RVFRZ��
)LQDQFH�DQG�6WDWLVWLFV�������

��� 5HSRUW� RQ� WKH� GHWHUPLQDWLRQ� RI�

WKH� FDGDVWUDO� YDOXH� RI� ODQG� SORWV� LQ� WKH�

FRPSRVLWLRQ� RI� DJULFXOWXUDO� ODQG� LQ� WKH�

9RURQH]K� 5HJLRQ� DV� RI� -DQXDU\� ��� ������

*HR*,6�� $YDLODEOH� DW�� KWWS���URVUHHVWU�UX�

ZSV�SRUWDO�FFBLEBIGJNR"UHSRUWBLG �����

�DFFHVVHG��������������

��� )RRG� EDODQFHV�� 0HWKRGRORJLFDO�

SURYLVLRQV� RQ� VWDWLVWLFV�� ,VVXH� ��� )HGHUDO�

6WDWH�6WDWLVWLFV�6HUYLFH��������3RUWDO�RI�WKH�

)HGHUDO� 6WDWH� 6WDWLVWLFV� 6HUYLFH�� $YDLODEOH�

DW�� KWWS���ZZZ�JNV�UX�EJG�IUHH�%��B���

,VV:::�H[H�6WJ�G����L������U�KWP�

�DFFHVVHG��������������

���� 5DL]LQ� -�9�� &ODVVL¿FDWLRQ� DQG� FOXVWHU��

0RVFRZ��:RUOG������������S�

���� 7KH� FHQWUDO� GDWDEDVH� RI� VWDWLVWLFDO�

GDWD�� 2I¿FLDO� VLWH� RI� WKH� )HGHUDO� 6WDWH�

6WDWLVWLFV�6HUYLFH��$YDLODEOH�DW��KWWS���FEVG�

JNV�UX���DFFHVVHG��������������

���� 6DYFKHQNR� 7�9��� 8OH]
NR� $�9��� .L�\D�

VKFKHQNR� /�9��� 5H\PHU� 9�9��� 7\XW\XQLNRY�

$�$��� 7NDFKHYD� 1�9�� )RUHFDVWLQJ� WKH�

GHYHORSPHQW� RI� DJULFXOWXUH� LQ� WKH� UHJLRQ�

RQ�WKH�EDVLV�RI�$5,0$�PRGHO��,QWHUQDWLRQDO�
-RXUQDO� RI� 3KDUPDF\� DQG� 7HFKQRORJ\��
������9����QR����SS��������������


