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DV ������)DFXOW\�RI �$JULFXOWXUH��8QLYHUVLW �%HQJNXOX��%HQJNXOX ��,QGRQHVLD

�
DV 6OHPDQ�� ������)DFXOW\�RI �*HRJUDSK\��8QLYHUVLW �*DGMDK�0DGD�� <RJ\DNDUWD ��,QGRQHVLD

�
&ROOHJH ������1DWLRQDO�/DQG� ��6OHPDQ��<RJ\DNDUWD ��,QGRQHVLD

5HFHLYHG����1RYHPEHU������$FFHSWHG����-XQH�����

$%675$&7

� &RQVHUYDWLRQ�RI �GHJUDGHG�ODQG�LQ�,QGRQHVLD�UHTXLUHV�PDSV�RI �GHJUDGHG�ODQG��7KH�PDSV�ZHUH�HVWDEOLVKHG�EDVHG�RQ�
D�PRGHO�GHYHORSHG�LQ������E\�WKH�WKHQ�,QGRQHVLD�'HSDUWPHQW�RI �)RUHVWU\��7KH�PRGHO�KDV���ZHDNQHVVHV�L�H�����KLJK�
OHYHO�RI �XQFHUWDLQW\�GXH�WR�YHFWRU�EDVHG�GDWD�XVHG�WR�EXLOG�WKH�WKHPDWLF�PDSV�DQG����SDUDPHWHUV�UHGXQGDQF\�RU�
GXSOLFDWLRQ�IURP�WKH�PRGHO��7KLV�UHVHDUFK�ZDV�DLPHG�WR�EXLOG�XS�D�SURSRVHG�PRGHO�RQ�OHYHOV�RI �GHJUDGHG�ODQG�DW�
0HUDZX�:DWHUVKHG�XVLQJ�IXOO\�UDVWHU�EDVHG�GDWD�VXSSRUWHG�ZLWK�UHPRWH�VHQVLQJ�DQG�*,6�WHFKQLTXHV��3DUDPHWHUV�
DQDO\]HG�ZHUH�6ORSH��(URVLYLW\��5���(URGLELOLW\��.���6ORSH�/HQJWK�DQG�6WHHSQHVV��/6���&RYHU�DQG�0DQDJHPHQW��&���
6XSSRUW�3UDFWLFH��3��DQG�3HUFHQWDJH�RI �&DQRS\�&RYHU��7KHVH�GDWD�ZHUH�SUHVHQWHG�LQ�IXOO\�UDVWHU�IRUPDW��0DQDJHPHQW�
SDUDPHWHU�ZDV�QRW�H[SOLFLWO\�XVHG�LQ�WKLV�UHVHDUFK�EHFDXVH�PDQDJHPHQW�SDUDPHWHU�ZDV�DOUHDG\�UHSUHVHQWHG�E\�WKH�&�
DQG�3�SDUDPHWHUV��)LYH�SDUDPHWHUV�ZHUH�GLUHFWO\�REWDLQHG�XVLQJ�IXOO\�UDVWHU�IRUPDW��L�H��6ORSH��/6��&��3�DQG�3HUFHQWDJH�
RI �&DQRS\�&RYHU��7KH�RWKHU���SDUDPHWHUV�ZHQW�WKURXJK�VSDWLDO�LQWHUSRODWLRQ�SURFHVV�EHIRUH�EHLQJ�SUHVHQWHG�DV�IXOO\�
UDVWHU�IRUPDW��&RUUHODWLRQ�DQDO\VLV�DPRQJ�SDUDPHWHUV�ZDV�FDUULHG�RXW��3DUDPHWHUV�KDYLQJ�KLJK�FRUUHODWLRQ�FRHIILFLHQW�
�U��������ZHUH�H[FOXGHG�IURP�WKH�PRGHO�WR�DYRLG�UHGXQGDQF\��7KH�SURSRVHG�PRGHO�RQO\�XVHG�SDUDPHWHUV�KDYLQJ�ORZ�
FRUUHODWLRQ�FRHIILFLHQW��7KH�UHVHDUFK�UHVXOW�VKRZHG�WKDW�WKH�GHWHUPLQDWLRQ�RI � OHYHOV�RI �GHJUDGHG� ODQG�ZDV�PRUH�
DFFXUDWH�ZKHQ�XVLQJ�RQO\�HURVLRQ�SDUDPHWHUV��IRUPXODWHG�DV�
/HYHO�RI �'HJUDGHG�/DQG��/R' ��§�(URVLRQ�§�5�[�.�[�/6�[�&�[�3/ ��

� .H\ZRUGV��'HJUDGHG�ODQG��*,6��UDVWHU��UHPRGHO��UHPRWH�VHQVLQJ

,1752'8&7,21

6RLO� HURVLRQ� PDQDJHPHQW� LV� D� GLOHPPDWLF�
SUREOHP� IRU� GHYHORSLQJ� FRXQWULHV� VXFK� DV�
,QGRQHVLD��(URVLRQ� LV� DFFHOHUDWLQJ� IURP� \HDU� WR�
\HDU� GXH� WR� WKH� XQFRQWUROODEOH� SUHVVXUH� RI �
SRSXODWLRQ� DQG� HFRQRPLF� JURZWK� )XOD]]DN\�	��
*DQ\�������6XOLVW\R� ��������%RKUH�	�&KDXEH\�HW�DO
������6XOLVW\R�����D���7KHUH�DUH�VL[�W\SHV�RI �ODQG�
GHJUDGDWLRQ�L�H��ZDWHU�HURVLRQ��ZLQG�HURVLRQ��VRLO�
IHUWLOLW\�GHFOLQH��VDOLQLWDWLRQ��ZDWHU�ORJJLQJ�DQG�WKH�
ORZHULQJ�RI �ZDWHU�WDEOH��)$2��������,Q�PRVW�RI �
WURSLFDO� FRXQWULHV� VXFK� DV� ,QGRQHVLD�� GHJUDGHG�
ODQG� LV�PRVWO\� FDXVHG�E\�ZDWHU� HURVLRQ� UHVXOWHG�
IURP�KLJK�LQWHQVLW\�RI �UDLQIDOO��$EGXUDFKPDQ�	�

6XWRQR��������HVSHFLDOO\�ZKHQ�ODQG�FRYHUV�ZHUH�
UHPRYHG��6RLO�RI �WKH�EDUH�ODQG�ZRXOG�EH�ZDVKHG�
DZD\�E\�WKH�UXQRII �ZDWHU�WR�WKH�ORZHVW�SODFHV�RU�
HVWXDULHV��$UV\DG�������
,GHQWLILFDWLRQ�RI �GHJUDGHG�ODQG�FDQ�EH�GRQH�E\�

LQYHVWLJDWLQJ� ZDWHUVKHG ,Q�WKH�FRQGLWLRQ�RI � �DUHDV��
,QGRQHVLD�� WKH� QXPEHU � RI � FULWLFDO KLJKO\�V � DQG�
HURGHG�ZDWHUVKHG�DUHDV� �LQFUHDVLQJ�IURP�\HDU�DUH
WR�\HDU��+LGD\DW� ��������.DUWRGLKDUGMR�������HW�DO
7 �R�FRQVHUYH�WKH�GHJUDGHG�ODQG �LW�LV�LPSRUWDQW�

WR�LGHQWLI\�WKH�REMHFWLYHV�RI �WKH�FRQVHUYDWLRQ�DQG�
WR� GLVVHPLQDWH� WKHVH� REMHFWLYHV� WR� WKH�
VWDNHKROGHUV� LQ� WKH� IRUP�RI �PDSV�RI �GHJUDGHG�
ODQG��7DULJDQ������� 	 ���7KHVH�*LEEV� �6DOPRQ�����
PDSV� DUH� XVXDOO\� GHYHORSHG� IURP� D� PRGHO�
FRQVLVWHG�RI �VHYHUDO�FKRVHQ�SDUDPHWHUV��WR�UHGXFH�
FRVW� HW�DO�6XOLVW\R� ��������


&RUUHVSRQGLQJ� DXWKRU�� EDPEDQJVXOLVW\RXQLE#JPDLO��
FRP��EVXOLVW\R#XQLE�DF�LG
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,Q� ,QGRQHVLD�� WKH� PRGHO� DQG� JXLGHOLQHV� DUH�
SXEOLVKHG� WKURXJK� �'HFUHH� 1R�� ����.SWV�9�
�����RI ����$SULO������E\�WKH�'LUHFWRUDWH�*HQHUDO�
RI � 5HIRUHVWDWLRQ� DQG� /DQG� 5HKDELOLWDWLRQ��
'HSDU WPHQW� RI � )RUHVWU \� �'HSDU WHPHQ�
.HKXWDQDQ��������7KLV�GHFUHH�LV�XSGDWHG�WKURXJK�
WKH�5HJXODWLRQ�RI �WKH�'LUHFWRU�*HQHUDO�RI �/DQG�
5HKDELOLWDWLRQ�DQG�6RFLDO�)RUHVWU\�RQ�*XLGHOLQHV�
IRU� 0RQLWRULQJ� DQG� (YDOXDWLRQ� RI � :DWHUVKHGV��
1XPEHU��3����9�6HW�������GDWHG���0DUFK�������
EXW� VWLOO� XVLQJ� WKH� VDPH� FRQFHSW� � H.HPHQW ULDQ�
.HKXWDQDQ � 7KH� PRGHO� � LPSOHPHQWHG�� ������ LV
QDWLRQZLGH��0DWKHPDWLFDOO\��WKH�OHYHO�RI �GHJUDGHG�
ODQG��DEEUHYLDWHG�DV�/R'/�IRU�IXUWKHU�GLVFXVVLRQ��
LV�IRUPXODWHG�DV�

/R'/� �Z �6ORSH���Z �(URVLRQ���Z �3HUFHQWDJH�� � �

RI �&DQRS\�&RYHU���Z �0DQDJHPHQW��������

ZKHUH�Z ��Z ��Z �DQG�Z DUH�ZHLJKWLQJ�IDFWRUV ��� � � ��

7KH�ZHLJKWLQJ�IDFWRUV�DUH�GHWHUPLQHG�EDVHG�RQ�
WKH�FULWHULD�RI �WKH�/R'/�WKDW� �SXEOLVKHG�DQG�DUH
SUHVHQWHG�LQ�WDEOHV�
'HWHUPLQDWLRQ� RI � WKH� /R'/� LV� LQLWLDWHG� E\�

FRPSXWLQJ � HVWLPDWHG� HURVLRQ� XVLQJ� 86/(�� WKH
� � �GHYHORSHG�E\�8QLYHUVDO�6RLO�/RVV�(TXDWLRQ �PRGHO
:LVFKPHLHU�DQG�6PLWK���������DQG�IRUPXODWHG�DV�

$� �5� .� /6� &� 3��������������������������������������������[� [� [� [� ���

ZKHUH�
$  PHDQ� DQQXDO� VRLO� HURVLRQ� UDWH� LQ�� �

�WRQ�KHFWDUH�\HDU�
5�  UDLQIDOO�HURVLYLW\�IDFWRU��5�IDFWRU��LQ��0-�� �

PP�KD�K�\HDU�
.  VRLO�HURGLELOLW\�IDFWRU��.�IDFWRU��LQ��WRQ�� �

KHFWDUH�0-�PP�
/6  VORSH� OHQJWK� DQG� VWHHSQHVV� IDFWRU� �/6�� �

IDFWRU���GLPHQVLRQOHVV�
&  FRYHU�DQG�PDQDJHPHQW�IDFWRU��&�IDFWRU��� �

�GLPHQVLRQOHVV�
3  VXSSRUW� SUDFWLFH� IDFWRU� �3� IDFWRU��� �

�GLPHQVLRQOHVV�

%\� UHSODFLQJ� (URVLRQ� LQ� HTXDWLRQ� ���� ZLWK�
HTXDWLRQ������D�QHZ�HTXDWLRQ �EHFRPHV�����

/R'/� Z �6ORSH���Z �� [� [� [� [� ����Z �� 5� .� /6� &� 3� � �

3HUFHQWDJH� RI � &DQRS\� &RYHU� �� Z ��
0DQDJHPHQW���������������������������������������������

6RPH�ZHDNQHVVHV�LQ�WKH�PRGHO�DUH�����WKH�LQSXW�
GDWD�DUH�PRVWO\�VLPSOLILHG�YHFWRU�EDVHG�WKHPDWLF�
PDSV� OHDGLQJ� WR� KLJK� XQFHUWDLQW\�� DQG� ��� WKH�
H[LVWLQJ�IRUPXOD�RU�PRGHO�FRQWDLQV�UHGXQGDQW�RU�
GXSOLFDWH�SDUDPHWHUV��'H0HUV��������VWDWHG�WKDW�

WKH�SUHVHQWDWLRQ�RI �HDUWK�LQIRUPDWLRQ�LQ�YHFWRU�
GDWD� PRGHO� DVVXPHV� WKH� H[LVWHQFH� RI �
KRPRJHQHLW\� LQ� D� PDSSLQJ� XQLW� DV� D� UHVXOW� RI �
FODVVLILFDWLRQ� DQG� VLPSOLILFDWLRQ�� VR� WKDW� WKH�
YDULDWLRQ�RI �HDUWK�LQIRUPDWLRQ�LV�UHGXFHG��OHDGLQJ�
WR�XQFHUWDLQWLHV�
7KRVH� XQFHUWDLQWLHV� FDQ� EH� PLQLPL]HG� E\�

DSSO\LQJ�D�IXOO\�UDVWHU�EDVHG�PRGHO�ZKLFK�LV�DEOH�
WR� NHHS� WKH� YDULDWLRQ� DQG� REMHFWLYLW\� RI � HDUWK�
LQIRUPDWLRQ� � � ��$URQRII ���� � +DGPRNR� ������
7KH� IXOO\�UDVWHU�EDVHG� PRGHO� LV� DPRQJ�
WHFKQRORJLFDO� DGYDQFHV� LQ�5HPRWH�6HQVLQJ� �56��
DQG� *HRJUDSKLFDO� ,QIRUPDWLRQ� 6\VWHP� �*,6��
ILHOGV�
6XOLVW\R� D �VWXGLHG�ODQG�XQLW�HOLPLQDWLRQ������ �

DQDO\VLV� WR�GHWHUPLQH�/R'/�XVLQJ�YHFWRU�EDVHG�
IRUPDW��/DQG�XQLW�HOLPLQDWLRQ�FDXVHV�D�GHFUHDVH�LQ�
HURVLRQ�UDWH��DIIHFWV�/R'/�DQG�ILQDOO\�LQIOXHQFHV�
WKH� UHFRPPHQGDWLRQV� IRU� FRQVHUYLQJ� GHJUDGHG�
ODQG�
2ULJLQDOO\�� 86/(� � GHYHORSHG� LQ�LV VPDOO�

DJULFXOWXUDO� DUHDV� LQ� 1RUWK� $PHULFD� KDYLQJ�
FKDUDFWHULVWLFV�RI �PRGHUDWH�FOLPDWH� �ORZ� LQ�UDLQ�
LQWHQVLW\���VORSH����������ZLWK�FRQVLVWHQW�FURSSLQJ�
DQG�PDQDJHPHQW� V\VWHP� �$VGDN� ������� 6HYHUDO�
PRGLILFDWLRQV� DUH� QHHGHG� ZKHQ� LPSOHPHQWLQJ�
86/(� LQ � ORFD W LRQV � KDY LQJ � G L I I H UHQ W �
FKDUDFWHULVWLFV�� HVSHFLDOO\� PRGLILFDWLRQV� RQ�
SDUDPHWHUV�XVHG�WR�SURYLGH�PRUH�UHOLDEOH�HURVLRQ�
HVWLPDWLRQ�
)LVWLNRJOX� DQG� +DUPDQFLRJOX� �������

FRQFOXGHG �� WKDW HURVLRQ�PRGHO� GHYHORSHG� XVLQJ�
86/(�ZDV�PRUH�UHOLDEOH�ZKHQ� WKH�DQDO\VLV�ZDV�
FDUULHG�RXW�XVLQJ�VPDOO�UDVWHU�EDVHG�GDWD��6XOLVW\R�
HW�DO SURYHG��������� �WKDW�HURVLRQ�PRGHOLQJ�XVLQJ�
IXOO\ UDVWHU�EDVHG� GDWD� � YHU\� �� SURYLGHG KLJK
DFFXUDF\�FRPSDUHG�WR�WKH�DFWXDO�HURVLRQ��$�IXOO\�
UDVWHU�EDVHG�HURVLRQ�PRGHO�XVHV�UDVWHU�IRUPDWWHG�
GDWD� LQSXW��7KH� UDVWHU�IRUPDWWHG�GDWD� LQSXW� DUH�
QRW� SURGXFWV� RI � 9HFWRU� WR� 5DVWHU� &RQYHUVLRQ�
DOJRULWKP�
7KUHH�86/(� SDUDPHWHUV� �/6�� &� DQG� 3�� FDQ�

GLUHFWO\�SURGXFH�UDVWHU�IRUPDWWHG�GDWD��ZKLOH�GDWD�
SURYLGHG�E\�WKH�RWKHU�WZR�86/(�SDUDPHWHUV��5�
DQG� .�� KDV� WR� EH� WUDQVIRUPHG� XVLQJ� VSDWLDO�
LQWHUSRODWLRQ� WR� REWDLQ� UDVWHU�IRUPDWWHG� GDWD��
6SDWLDO�LQWHUSRODWLRQ�LV�WKH�SURFHVV�RI �XVLQJ�SRLQWV�
ZLWK�NQRZQ�YDOXHV��WR�HVWLPDWH�WKH�YDOXHV�RI �WKH�
RWKHU�SRLQWV��&KDQJ �������
6HYHUDO� SDUDPHWHUV� RI � 86/(� ZHUH� DQDO\]HG�

UHVSHFWLYHO\�L�H��5��&��/6��DQG�.��6XOLVW\R�����D��
6XOLVW\R� ����E�� 6XOLVW\R� HW� DO�� ������ 6XOLVW\R�

���

3URSRVHG�PRGHO�RQ�OHYHOV�RI �GHJUDGHG�ODQG�DW�0HUDZX�:DWHUVKHG��,QGRQHVLD



����E��� 3HUFHQWDJH� RI � &DQRS\� &RYHU� ZDV� DOVR�
DQDO\]HG� �6XOLVW\R� HW� DO�� ������� $OO� WKRVH�
SDUDPHWHUV�ZHUH�DQDO\]HG�XVLQJ�UDVWHU�EDVHG�GDWD�
IRUPDW�
7KLV� VWXG\�ZDV� DLPHG� WR� GHYHORS� DOWHUQDWLYH�

PRGHO� IRU� /R'/� DW� 0HUDZX� :DWHUVKHG�� XVLQJ�
UDVWHU�EDVHG� GDWD� IRUPDW� WR� DYRLG� SDUDPHWHUV�
UHGXQGDQF\�RU�GXSOLFDWLRQ�

0$7(5,$/6�$1'�0(7+2'6

� 7KLV� UHVHDUFK� LV� WKH� XOWLPDWH� UHVHDUFK� RQ�
GHJUDGHG� ODQG� E\� WKH� ILUVW� DXWKRU�� 6HYHUDO�
SUHOLPLQDU\� VWXGLHV�RQ� WKLV� VXEMHFW�ZHUH�DOUHDG\�
SXEOLVKHG� E\� WKH� ILUVW� DXWKRU�� L�H�� 6XOLVW\R� HW� DO��
������6XOLVW\R�����D��6XOLVW\R�����E��6XOLVW\R�HW�DO��
������6XOLVW\R�HW�DO��������6XOLVW\R�����E��6XOLVW\R�
�����DQG�6XOLVW\R�HW�DO��������7KHUHIRUH��WKH�GDWD��
KDUGZDUH��VRIWZDUH�� UHVHDUFK�DUHDV�DQG�PHWKRGV�
XVHG� LQ� WKLV� UHVHDUFK� ZHUH� VLPLODU� WR� WKRVH�
SUHOLPLQDU\�VWXGLHV�

6WXG\�$UHD

� 7KH� VWXG\� DUHD� ZDV� ORFDWHG� DW� 0HUDZX�
:DWHUVKHG�� JHRJUDSKLFDOO\� OLHG� DW� �����
���� ²�
�����
���� (� DQG� ���
���� ²� ���
���� 6��
DGPLQLVWUDWLYHO\�ORFDWHG�LQ�%DQMDUQHJDUD�'LVWULFW��
&HQWUDO� -DYD� 3URYLQFH�� ,QGRQHVLD�� 0HUDZX�
:DWHUVKHG�FRYHUHG�DQ�DUHD�RI���������KD�ZLWK���
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)LJXUH����6WXG\�DUHD

PDLQ�ULYHUV�IORZLQJ�WKURXJK�WKH�DUHD�IURP�QRUWK�
WR�VRXWK�L�H��0HUDZX��8UDQJ�DQG�3HQDUDEDQ�5LYHUV�
�)LJ�����

'DWD�DQG�0HWKRGV

� 'DWD�XVHG�ZHUH�WRSRJUDSKLFDO�PDS��ODQGIRUP�
�

PDS��UHPRWHO\�VHQVHG�GDWD�RI �/DQGVDW���(70 ��
UDLQIDOO�GDWD�UHFRUGHG�DW�0HUDZX�:DWHUVKHG�DQG�
LWV�VXUURXQGLQJV��DV�ZHOO�DV�RWKHU�GDWD�DQG�UHSRUWV�
UHODWHG� WR� WKH� VWXG\�� *,6� VRIWZDUH� XVHG� ZHUH�
,/:,6��,QWHJUDWHG�/DQG�DQG�:DWHU�,QIRUPDWLRQ�6\VWHP��
YHUVLRQ� ���� DQG� $UF9LHZ� YHUVLRQ� ����� 6HYHUDO�
HTXLSPHQW�XVHG�IRU�ILHOG�ZRUN�ZHUH�ELQRFXODUV��
FRPSDVV�� +DJDPHWHU�� 0XQVHOO� VRLO� FRORU� FKDUW��
WDSH��VRLO�VDPSOH�ULQJ�NLW��$XJHU�VRLO�ERULQJ�WRRO��
*OREDO� 3RVLWLRQLQJ� 6\VWHP� WRRO� DQG� GLJLWDO�
FDPHUD�
� 'DWD�IURP�DOO�SDUDPHWHUV�DIIHFWLQJ�/R'/�ZHUH�
DQDO\]HG� DV� IXOO\�UDVWHU�EDVHG� IRUPDW��3L[HO� VL]H�
XVHG�IRU�WKLV�VWXG\�ZDV����[����P��/R'/�PRGHO�
ZDV� GHYHORSHG� XVLQJ� IXOO\�UDVWHU�EDVHG� GDWD�
IRUPDW��)LJ�����
� 7KH� PDLQ� UHVHDUFK� VWDJHV� ZHUH� FUHDWLQJ� DOO�
/R'/� SDUDPHWHUV� � WKHQ� LPSOHPHQWLQJ�
FRUUHODWLRQ� DQDO\VLV� DPRQJ� SDUDPHWHUV�� 7R�
LPSOHPHQW� FRUUHODWLRQ� DQDO\VLV� DPRQJ�
SDUDPHWHUV�� DOO� GDWD� KDG� WR� EH� SUHVHQWHG� LQ�
TXDQWLWDWLYH�IRUP��7R�IXOILO�WKLV�UHTXLUHPHQW��WKH�
0DQDJHPHQW�IDFWRU DV�TXDOLWDWLYH�IDFWRU�KDG�WR��
EH� H[FOXGHG� IURP� HTXDWLRQ� ����� 0RUHRYHU��



0DQDJHPHQW�IDFWRU�ZHUH�UHSUHVHQWHG�E\�&�DQG�
3�IDFWRUV��)RU�IXUWKHU�DQDO\VHV��HTXDWLRQ�����ZDV�
PRGLILHG�WR�

/R'/� �Z �6ORSH���Z ��5�[�.�[�/6�[�&�[�3����Z �� � �

3HUFHQWDJH�RI �&DQRS\�&RYHU �������������������

� VKRZHG(TXDWLRQ� ���� H[SOLFLWO\� � WKDW� WKH�
QXPEHU � RI � SDUDPHWHUV� � 6ORSH�� 5�V /R'/� ZHUH
IDFWRU��.�IDFWRU��/6�IDFWRU��&�IDFWRU��3�IDFWRU��DQG�
3HUFHQWDJH�RI �&DQRS\�&RYHU �����SDUDPHWHUV�

&UHDWLQ � DUDPHWHUVJ/R'/�3

� /R'/� SDUDPHWHUV� ZHUH� FUHDWHG� E\� VLPLODU�
PHWKRGV�DV�WKH�SUHYLRXV�VWXGLHV�FDUULHG�RXW�E\�WKH�
ILUVW� DXWKRU� �6XOLVW\R� HW� DO�� ������ 6XOLVW\R�����D��
6XOLVW\R�����E��6XOLVW\R�HW�DO��������6XOLVW\R�HW�DO��
������6XOLVW\R�����E��6XOLVW\R�������6XOLVW\R�HW�DO��

�������7KH�H[FHSWLRQ�ZDV� WKH�XVH�RI �1'9,� WR�
FUHDWH� &� IDFWRU�� WKHUHIRUH�� &� IDFWRU� ZDV�
IRUPXODWHG�DV��6XOLVW\R�HW�DO��������

&� �����²������[�1'9, ���������������������������������������������

3HUFHQWDJH�RI �&DQRS\�&RYHU�ZDV�IRUPXODWHG�DV�
�6XOLVW\R�HW�DO��������

�&&� ��������[�1'9,�²������� ���� ������������������������

� 7KH�1'9,�FDQ�EH�H[WUDFWHG�IURP�VDWHOOLWH�GDWD�
WR� �ODQG FRYHU�DFFRUGLQJ�WR�REWDLQ�LQIRUPDWLRQ�RQ �
LWV�GHQVLW\ �IRUPXODWHG�DV��6LOOHRV�HW�DO���1'9,�ZDV �
������
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)LJXUH�����)ORZ�GLDJUDP�RI �WKH�VWXG\



&RU UH ODW LRQ� $QDO\VLV � DPRQJ �� /R'/
3DUDPHWHUV

� ,Q� UHODWLRQ� WR� WKH� UDVWHU�EDVHG�GHJUDGHG� ODQG�
PRGHOLQJ�� HDFK� SDUDPHWHU� FRQWDLQHG� �VSDWLDO
LQIRUPDWLRQ� SL[HO�YDOXHRU� ��3L[HO�YDOXH�IRU�HDFK�
SDUDPHWHU�RI �WKH�/R'/�ZDV�WKHQ�YLHZHG�DV�SL[HO�
YDOXH�IRU�HDFK�EDQG�RU�FKDQQHO�LQ�UHPRWH�VHQVLQJ�
GLJLWDO�LPDJH�
� & �� DV� RQH� RI � PXOWL�EDQG�RUUHODWLRQ� DQDO\VLV
VWDWLVWLFV�LQ�UHPRWH�VHQVLQJ�DQDO\VLV��ZDV�DSSOLHG�WR�
GHWHUPLQH�WKH�FORVHQHVV�RI �RQH�EDQG�WRZDUG�RWKHU�
EDQGV� �,OZLV�8VHU
V�*XLGH� ������ /LOOHVDQG� HW� DO��
������� QGLYLGXDO�EDQGV�RI �D�PXOWL�VSHFWUDO�LPDJH�,
D L \LQJ� GDWDUH� RIWHQ� KLJKO\� FRUUHODWHG�� PSO �
UHGXQGDQF\ �� DQG� GXSOLFDWLRQ �&RUUHODWLRQ�PDWUL[�
ZDV� LPSOHPHQWHG W� R� HYDOXDWH� WKH� GHJUHH� RI �
FRUUHODWLRQ�EHWZHHQ�LQGLYLGXDO�EDQGV�� �&RUUHODWLRQ
PDWUL[��D�QRUPDOL HG�IRUP�RI �FRYDULDQFH�PDWUL[��]
KD �YDOXHV�LQ�WKH�UDQJH�RI ����WR�� UHSUHVHQWLQJ�D�V ��
VWURQJ� QHJDWLYH� FRUUHODWLRQ� WR� D� VWURQJ� SRVLWLYH�
FRUUHODWLRQ � UHVSHFWLYHO\ DOXHV� FORVH� WR� ]HUR�� �� 9
UHSUHVHQW� � FRUUHODWLRQ��ZHDN %DQGV� VKRZLQJ� WKH�
OHDVW�FRUUHODWLRQ��ZKLFK�LPSOLHG�WKH�ODUJHVW�DPRXQW�
RI �LPDJH�YDULDWLRQV��ZHUH�FKRVHQ�WR�EH�LQFOXGHG�LQ�
WKH� PXOWL�EDQG� FRPSRVLWH�� SULRU� WR� FRQGXFWLQJ�
PXOWL�VSHFWUDO� FODVVLILFDWLRQ� DQDO\VLV�� /R'/�
SDUDPHWHUV�KDYLQJ�WKH�OHDVW�FRUUHODWLRQ�YDOXH�ZHUH�
FKRVHQ�WR�EH�LQFOXGHG�LQ�WKH�PRGHO� &� RUUHODWLRQ�
YDOXH�LV� WKH�FODVVLILHG�DV�´KLJKµ�LI � FRUUHODWLRQ�YDOXH�
LV������ *RUGRQ�HW�DO����������

5(68/76�$1'�',6&866,21

� 0DSV� RI � HDFK� /R'/� SDUDPHWHUV� LQ� UDVWHU�

EDVHG�GDWD�IRUPDW�DUH�SUHVHQWHG�LQ�)LJXUHV���WR����

ZKLOH�WKH�FRUUHODWLRQ�PDWUL[�RI �/R'/�SDUDPHWHUV�

LV�SUHVHQWHG�LQ�7DEOH���
� 7DEOH���VKRZV�WKDW�DOPRVW�DOO�/R'/�SDUDPHWHUV�
KDV� � FRUUHODWLRQ� YDOXHV� L�H�� EHWZHHQ� ����� �3�ORZ

IDFWRU�DQG�.�IDFWRU��DQG�������3�IDFWRU�DQG�6ORSH���
3HUFHQWDJH� RI � &DQRS\� &RYHU� KDG� �KLJK� QHJDWLYH
FRUUHODWLRQ� YDOXH� ZLWK� &� IDFWRU� �U�  � ��������
PHDQLQJ�WKDW�DQ�LQFUHDVH�LQ�3HUFHQWDJH�RI �&DQRS\�
&RYHU�ZRXOG�FDXVH�D�GHFUHDVH�LQ�&�IDFWRU��6ORSH�
KDG� �FRUUHODWLRQ�YDOXH�ZLWK�/6�IDFWRU��U�KLJK�SRVLWLYH
 ��������PHDQLQJ�WKDW�DQ�LQFUHDVH�LQ�6ORSH�ZRXOG�
FDXVH�DQ�LQFUHDVH�LQ�/6�IDFWRU�
� HW�DO WR�EH5HQDUG� ���������IRUPXODWHG�&�IDFWRU� �
FDOFXODWHG� PXOWLSO\LQJ� ULRU� DQG� VH�IURP� 3 / 8
�3/8� � HUFHQWDJH�RI � DQRS\� RYHU�DVVHVVHG��DQG 3 & &
IRU�GLIIHUHQW� RYHU�W\SHV��&&��DQG�VXUIDFH�FRYHU�F
�6&��� �LQFOXVLRQ�RI �WKH� HUFHQWDJH�7KLV�PHDQW�WKDW 3
RI � DQRS\� RYHU� LQ� � IRUPXOD� V�& & /R'/ ZD
UHGXQGDQW�
� 6ORSH�OHQJWK�DQG�VWHHSQHVV�IDFWRU��/6�IDFWRU��
FRQVLVW �RI �WZR�VXEIDFWRUV �WKH�VORSH�OHQJWK��/��V ��L�H�
DQG� WKH� VORSH� JUDGLHQW� �6��� ORSH� OHQJWK� �/��6 LV�
GHILQHG�DV��́ WKH�GLVWDQFH�IURP�WKH�SRLQW�RI �RULJLQ�
RI �WKH�VXUIDFH�IORZ�WR�WKH�SRLQW�ZKHUH�HDFK�VORSH�
JUDGLHQW��6��GHFUHDVHV�HQRXJK�IRU WKH�EHJLQQLQJ��
RI � GHSRVLWLRQ� RU� ZKHQ� WKH� IORZ� FRPHV� WR�
FRQFHQWUDWH�LQ�D�GHILQHG�FKDQQHOµ� :LVFKPHLHU� �� 	
6PLWK�������� WKDW�LQFOXVLRQ�RI �6ORSH�7KLV�PHDQW�
LQ� �IRUPXOD� �UHGXQGDQW�/R'/ ZDV
� %DVHG� RQ� ZDVWKRVH� UHVXOWV� DQG� UHDVRQV�� LW� �
FRQFOXGHG� WKDW� 3HUFHQWDJH� RI � &DQRS\� &RYHU�
VKRXOG�QRW�EH�XVHG�VLPXOWDQHRXVO\�ZLWK�&�IDFWRU�
LQ�GHWHUPLQLQJ�WKH�/R'/ �6ORSH��DQG�WKDW VKRXOG�
QRW� EH� XVHG� VLPXOWDQHRXVO\� ZLWK� /6� )DFWRU��
7KHUHIRUH�� � VKRXOG�IRUPXOD� WR�GHWHUPLQH�/R'/
RQO\� XVH SDUDPHWHUV� RI � 86/(� PRGHO�� EHFDXVH�
86/( � FRQVLGHUHG� DOO� ELRSK\VLFDO�� PRGHO KDV�
DVSHFWV� DIIHFWLQJ� /R'/�� � UHYLVHG�PRGHO�7KH WR�
FDOFXODWH�/R'/�LV�

/R'/�§�(URVLRQ�§� [� [� [� [� ���5� .� /6� &� 3����������������

� 7KH� UHYLVHG� PRGHO� LV� LQ� OLQH� ZLWK� WKH�
FRQFOXVLRQ�VWDWHG�E\�$EGXUDFKPDQ�DQG�6XWRQR�
������� WKDW� WKH� /R'/� LQ� ,QGRQHVLD� LV� PDLQO\�
FDXVHG� E\� HURVLRQ� GXH� WR� KLJK� DPRXQW� DQG�

���
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7DEOH�����&RUUHODWLRQ�PDWUL[�RI �/R'/�SDUDPHWHUV�
� &� .� /6 � 3 � 6ORSH � � �&DQRS\ � 5 �

&� ����� ����� ����� � ����� � ����� � ����� � ����� �

.� ����� ����� ���� � ���� � ���� � ����� � ���� �

/6� ������ ����� ���� � ���� � ���� � ���� � ���� �

3� ������ ����� ���� � ���� � ���� � ���� � ���� �
6ORSH� ������ ����� ���� � ���� � ���� � ���� � ���� �
��� &DQRS\� ������ ������ ���� � ���� � ���� � ���� � ���� �
5� ������ ����� ���� � ���� � ���� � ���� � ���� �
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�������������)LJXUH�����0DS�RI �3�IDFWRU )LJXUH�����0DS�RI �6ORSH

)LJXUH�����0DS�RI ��3HUFHQWDJH�RI �&DQRS\�&RYHU



LQWHQVLW\�RI �UDLQIDOO��7KH�HURVLRQ�WHUPLQRORJ\� LV�
XVHG�ZRUOGZLGH�DV�DQ�LQGLFDWRU�RI �GHJUDGHG�ODQG�
RFFXUUHQFH��7KLV�PRGHO�LV�LGHQWLFDO�ZLWK�WKH�/HYHO�
RI � (URVLRQ� +D]DUG� �LQ� %DKDVD�� 7LQJNDW� %DKD\D�
(URVL�RU�7%(��ZKLFK�LV�IRUPXODWHG�LQ�WKH�'HFUHH�
1R������.SWV�9������RI � WKH� WKHQ� ,QGRQHVLD
V�
0LQLVWU\� RI �)RUHVWU\��/HYHO� RI �(URVLRQ�+D]DUG�
ZDV� REWDLQHG� E\� RYHUOD\LQJ� WKH� HURVLRQ� KD]DUG�
PDS�� GHULYHG� IURP� WKH� 86/(�PRGHO�� ZLWK� VRLO�
GHSWK�PDS�
� 7KH� DYHUDJH� RI � VRLO� GHSWK� DW� 0HUDZX�
: ZD �9HU\�'HHS� 7KHUHIRUH �DWHUVKHG� V������P� �� ��WKH
UHYLVHG PRGHO� RI � WKLV� VWXG\�� /R'/� RQO\�
FR HG� �HURVLRQ � H V�RI �QVLGHU WKH �RFFXUUHQFH �7K �UHVXOW
WKLV�UHYLVHG�/R'/�PRGHO ZHUH�� VLPSOLILHG�LQWR���
FODVVHV�EDVHG�RQ�6WXUJHV
�5XOH��)LJ������7DEOH����
� 7DEOH���VKRZV�WKDW�������KD��������RI �0HUDZX�
:DWHUVKHG�ZHUH�DUHDV�KDYLQJ�YHJHWDWLRQ�LQGH[������

7KRVH� DUHDV� ZHUH� DUHDV� ZLWK� ZDWHU�� 0HUDZX�
:DWHUVKHG�DUHD�KDG��������KD�������RI � �9HU\�/RZ
DQG� �OHYHOV�RI �GHJUDGHG�ODQG��7KH�RWKHU�������/RZ
KD���������KDG� �DQG� �OHYHOV�0RGHUDWH��+LJK 9HU\�+LJK
RI �GHJUDGHG�ODQG�

&21&/86,216

� 3HUFHQWDJH�RI �&DQRS\�&RYHU� VKRXOG�QRW� EH�
XVHG�VLPXOWDQHRXVO\�ZLWK�&�IDFWRU�LQ�GHWHUPLQLQJ�
WKH� /R'/�� 6ORSH� VKRXOG� QRW� EH� XVHG�
VLPXOWDQHRXVO\�ZLWK�/6�)DFWRU��7KH�EHVW�VFHQDULR�
ZDV�WR�XVH�RQO\�HURVLRQ�SDUDPHWHU�GHULYHG�IURP�
WKH�86/(�PRGHO�WR�GHWHUPLQH�WKH�/R'/�PRGHO��
7KH�SURSRVHG�/R'/�PRGHO�
/R'/�� ��§�(URVLRQ�§�5�/HYHO�RI �'HJUDGHG�/DQG
[�.�[�/6�[�&�[�3�

3URSRVHG�PRGHO�RQ�OHYHOV�RI �GHJUDGHG�ODQG�DW�0HUDZX�:DWHUVKHG��,QGRQHVLD

7DEOH�����7KH�DUHD�RI �HDFK�FODVV�RI �WKH�/R'/�DW�0HUDZX�:DWHUVKHG

1R /HYHO�
� (URVLRQ��

�PP�\HDU�
� $UHD��
�KD�

$UHD� �
����

��� 9HU\�ORZ� �����WR��� ������� �����

� � � � �

��� /RZ� �����WR��� ������ �����
��� 0RGHUDWH� �����WR��� ������ ����
��� +LJK� �����WR��� ���� ����
��� 9HU\�KLJK� !��� ������ ����
�� $UHDV�KDYLQJ�YHJHWDWLRQ�LQGH[ ����� ���

� 7RWDO� � ������� ����� �

� � � �
���

)LJXUH����5HVXOWV�RI�WKH�UHYLVHG�/R'/�PRGHO

���

�
���
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� 7KH�DXWKRUV�WKDQN�WKH�,QGRQHVLDQ�'LUHFWRUDWH�
*HQHUDO�RI �+LJKHU�(GXFDWLRQ�IRU�SURYLGLQJ�JUDQW�
WR�FRQGXFW�WKLV�UHVHDUFK�

5()(5(1&(6

$EGXUDFKPDQ� $�� 6XWRQR�� ������ 6RLO� HURVLRQ� FRQWURO�
WHFKQRORJ\��5HVHDUFK�DQG�'HYHORSPHQW�RI �6RLO�DQG�
$JUR�FOLPDWH�� %RJRU� �,'��� 7KH� $JHQF\� IRU�
$JULFXOWXUDO�5HVHDUFK�DQG�'HYHORSPHQW�

$URQRII � 6�� ������ *HRJUDSKLF� ,QIRUPDWLRQ� 6\VWHPV�� D�
PDQDJHPHQW� SHUVSHFWLYH�� 2WWDZD� �&$��� :'/�
3XEOLFDWLRQ�

$UV\DG�6 ����� .RQVHUYDVL� DQDK� DQ� LU �,3%�� �� W G D ��%RJRU��,'��
3UHVV�

$VGDN� &�� ������ +LGURORJL� GDQ� HQJHORODDQ� DHUDK� OLUDQ�S G D
V � <RJ\DNDUWD� �,'��XQJDL� �*DGMDK�0DGD�8QLYHUVLW\�
3UHVV�

%RKUH�3 �&KDXEH\�23��������5HVWRUDWLRQ�RI �GHJUDGHG�ODQGV��
WKURXJK�SODQWDWLRQ�IRUHVWV�� ����������*-6)5

&KDQJ�.7��������,QWURGXFWLRQ�WR�JHRJUDSKLF�LQIRUPDWLRQ�
V � 1HZ� <RUN� �86� �\VWHPV� � 0F*UDZ�+LO O �
,QWHUQDWLRQDO�

'H0HUV 01�� ������ )XQGDPHQWDO� RI � HRJUDSKLF�� J
L V ��1HZ�<RUN��86��QIRUPDWLRQ� \VWHPV �-RKQ�:LOH\�	�
6RQV�

'HSDUWHPHQ� .HKXWDQDQ � ���� � *XLGHOLQH� IRU� WKH�� �
D S O UUUDQJHPHQW�RI � ODQQLQJ�IRU� DQG� HKDELOLWDWLRQ�LQ�D�
Z D �� ��,'�DWHUVKHG� UHD -DNDUWD �

) $ 2 � ���� � /DQG�RRG� JULFXOWXUDO� UJDQL]DWLRQ� >)$2@� �
GHJUDGDWLRQ� LQ�6RXWK�$VLD�� LWV� VHYHULW\�� FDXVHV� DQG�
HIIHFWV� XSRQ� WKH� SHRSOH :RUOG� 6RLO��� 5RPH� �,7���
5HVRXUFHV�5HSRUWV�

)XOD]]DN\�0$ �*DQ\�$+$������ �&KDOOHQJHV�RI �VRLO�HURVLRQ�� �
DQG� VOXGJH� PDQDJHPHQW� IRU� VXVWDLQDEOH�
GHYHORSPHQW� LQ� ,QGRQHVLD�� -� (QYLURQ� 0DQDJH�
�����������

)LVWLNRJOX�2 �+DUPDQFLRJOX�1% ����� �,QWHJUDWLRQ�RI �*,6�� � �
ZLWK� 86/(� LQ� DVVHVVPHQW� RI � VRLO� HURVLRQ�� {
:DWHU�5HVRXU�0DQDJ �����������

*LEEV�+.��6DOPRQ�-0��������0DSSLQJ�WKH�ZRUOG
V�GHJUDGHG�
ODQGV��$SSO�*HRJU����������

*RUGRQ�1'��0F0RKDQ�7$��)LQOD\VRQ�%/������ 6WUHDP���
K D L �H ��1HZ�<RUN�LGURORJ\�� Q� QWURGXFWLRQ�IRU FRORJLVW
�86�� ��-RKQ�:LOH\�	�6RQV

+DGPRNR�'6��������7RZDUG�*,6� DVHG�LQWHJUDWHG�ODQGVOLGH�E
KD]DUG� DVVHVVPHQW�� � FULWLFDO� RYHUYLHZ�� ,QGRQ � -�D HV
*HRJU����������

+LGD\DW� /�� 6XVDQWR� 6�� 6XGLUD� 3�� -D\DGL�5�� ������ 3HQLODLDQ�
NLQHUMD� SHQJHORODDQ� GDHUDK� DOLUDQ� VXQJDL� EHUEDVLV�

PRGHO�KLGURORJL�HOHPHQWHU�NDVXV��GDHUDK�WDQJNDSDQ�
DLU�:DGXN�0ULFD��$JULWHFK�����������

,QWHUQDWLRQDO� ,QVWLWXWH� IRU� $HURVSDFH� 6XUYH\� DQG� (DUWK�
6FLHQFHV ,OZLV�8VHU
V�*XLGH��(QVFKHGH�������� ��1/���
,7&�,/:,6�

.DUWRGLKDUGMR�+��������0DQDJHPHQW�RI �QDWXUDO�UHVRXUFHV�
DQG� HQYLURQPHQW�� %HQJNXOX� �,'��� 8QLYHUVLWDV�
%HQJNXOX�

.HPHQW ULDQ� .HKXWDQDQ � ���� � 3HUDWXUDQ� 'LUHNWXU�H � �
-HQGHUDO�5HKDELOLWDVL�/DKDQ�GDQ�3HUKXWDQDQ�6RVLDO�
WHQWDQJ�3HGRPDQ�0RQLWRULQJ�GDQ�(YDOXDVL�'DHUDK�
$OLUDQ�6XQJDL��1RPRU��3����9�6HW�������7DQJJDO����
0DUHW�������-DNDUWD��,'��

/LOOHVDQG�70��.LHIHU�5:��&KLSPDQ�-������ �5HPRWH� HQVLQJ�� V
DQ � PDJH� QWHUSUHWDWLRQG L L ��)LIWK�HGLWLRQ��1HZ�<RUN�
�86�� ��-RKQ�:LOH\�	�6RQV

5HQDUG�.*��)RUVWHU�*5��:HHVLHV�*$��0F&RRO�'. �<RGHU��
'&��������3UHGLFWLQJ�VRLO�HURVLRQ�E\�ZDWHU�� �JXLGH�D
WR�FRQVHUYDWLRQ�SODQQLQJ�ZLWK�WKH�5HYLVHG�8QLYHUVDO�
6RLO�/RVV�(TXDWLRQ��586/(� ���:DVKLQJWRQ�'&��86��
86' $� HSDUWPHQW�RI � JULFXOWXUH�

6LOOHRV�1*��$OH[DQGULGLV�7.��*LWDV�,= �3HUDNLV�.���������
9HJHWDWLRQ� QGLFHV�� GYDQFHV� DGH� LQ� LRPDVV�L D P E
H Y P OVWLPDWLRQ�DQG� HJHWDWLRQ� RQLWRULQJ�LQ�WKH� DVW����
\ �HDUV �*HRFDUWR�,QW���������

6XOLVW\R� %�� *XQDZDQ� 7�� +DUWRQR�� 'DQRHGRUR� 3�� ���� ��
7RZDUG�D�IXOO\�DQG�DEVROXWHO\�UDVWHU�EDVHG�HURVLRQ�
PRGHOLQJ�E\�XVLQJ�56�DQG�*,6 �,QGRQHV�-�*HRJU� �
����������

6XOLVW\R� %�� *XQDZDQ� 7�� +DUWRQR�� 'DQRHGRUR� 3 � ���� �� �
3HPHWDDQ� IDNWRU�&�\DQJ�GLWXUXQNDQ�GDUL�EHUEDJDL�
LQGHNV� YHJHWDVL� GDWD� SHQJLQGHUDDQ� MDXK� VHEDJDL�
PDVXNDQ�SHPRGHODQ�HURVL�GL�'$6�0HUDZX��&� DFWRU�I
P G I Y Y LDSSLQJ� HULYHG� URP� DULRXV� HJHWDWLRQ� QGLFHV�RI �
U V G D L I H PHPRWHO\� HQVHG� DWD� V� QSXW� RU� URVLRQ� RGHOLQJ�
D � �W�0HUDZX�:DWHUVKHG� �-0/���������

6XOLVW\R�%������ 3HQJDUXK� URVLYLWDV� XMDQ�\DQJ� LSHUROHK�D�� H K G
GDUL� XPXV�\DQJ� HUEHGD�WHUKDGDS� HPRGHODQ� URVL�U E S H
E U NHUEDVLV� DVWHU� �6WXGL� DVXV� GL� '$6� 0HUDZX��
%DQMDUQHJDUD�� -DZD� 7HQJDK�� �7KH� IIHFW� RI � DLQ�H U
H J G I DURVLYLW\� HQHUDWHG� IURP� LIIHUHQW� RUPXODH� RQ� �
U E H �DVWHU� DVHG� URVLRQ� �$JULWHFK����������

�
6XOLVW\R�%������ 7KH� IHFW�RI � KRRVLQJ� LIIHUHQW� RQWRXU�E� HI F G F

L R D I U E H PQWHUYDO� Q� � XOO\� DVWHU� DVHG� URVLRQ� RGHOLQJ�
�7KH� DVH� Q� 0HUDZX� :DWHUVKHG�� %DQMDUQHJDUD��F L
&HQWUDO�-DYD� � ������������ -76

6XOLVW\R� %�� *XQDZDQ� 7�� +DUWRQR�� 'DQRHGRUR� 3�� ���� ��
3HPRGHODQ�SHUVHQWDVH�WDMXN�GL�'$6�0HUDZX�\DQJ�
GLWXUXQNDQ� GDUL� EHUEDJDL� LQGHNV� YHJHWDVL� GDWD�
SHQJLQGHUDDQ� MDXK� �0RGHOLQJ� RI � HUFHQWDJH� RI �S
F D F DUHD� G IDQRS\� W� 0HUDZX� DWFKPHQW� HULYHG� URP�
Y Y L U V G ��DULRXV� HJHWDWLRQ� QGLFHV�RI � HPRWHO\� HQVHG� DWD�
)RU�*HR����������

6XOLVW\R�%������D��.DMLDQ�SHUXEDKDQ�WLQJNDW�NHNULWLVDQ�ODKDQ�
VHEDJDL� DNLEDW� SURVHV� HOLPLQDVL� XQLW� ODKDQ�� VWXGL�
NDVXV�GL�NDZDVDQ�SHUWDPEDQJDQ�'DQDX�0DV�+LWDP��
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3URYLQVL�%HQJNXOX��7KH�VWXG\�RI �ODQG�GHJUDGDWLRQ�
OHYHO�DV�D�UHVXOW�RI �ODQG�XQLW�HOLPLQDWLRQ�SURFHVV��FDVH�
VWXG\� LQ� PLQLQJ� UHJLRQ� RI � 'DQDX� 0DV� +LWDP��
%HQJNXOX� 3URYLQFH��� 1DWLRQDO� 6HPLQDU� RQ�
%LRGLYHUVLW\�� 8QLYHUVLW\� &OXE�� <RJ\DNDUWD� �,'���
8QLYHUVLW\�RI �*DGMDK�0DGD��S���������

6XOLVW\R� %�� ����E�� 3HPRGHODQ� IDNWRU� .� EHUEDVLV� UDVWHU�
VHEDJDL�PDVXNDQ�SHPRGHODQ�HURVL�'L�'$6�0HUDZX��
%DQMDUQHJDUD��3URYLQVL� -DZD�7HQJDK� �0RGHOLQJ�RI �
UDVWHU�EDVHG� RI � .� IDFWRU� DV� LQSXW� IRU� HURVLRQ�
PRGHOLQJ�DW�0HUDZX�&DWFKPHQW�$UHD��%DQMDUQHJDUD��
&HQWUDO� -DYD� 3URYLQFH��� -XUQDO� 0DQXVLD� GDQ�
/LQJNXQJDQ����������

6XOLVW\R�%��������7KH�HIIHFW�RI �FKRRVLQJ�WKUHH�GLIIHUHQW�&�
IDFWRU�IRUPXODH�GHULYHG�IURP�1'9,�RQ�D�IXOO\�UDVWHU�

EDVHG� HURVLRQ� PRGHOLQJ�� ,23� &RQI � 6HU�� (DUWK�
(QYLURQ� 6FL� � ������������ GRL��������������
�����������������

6XOLVW\R� %�� *XQDZDQ� 7�� +DUWRQR�� 'DQRHGRUR� 3��
/LVW\DQLQJUXP�1�������� W$EVROXWH�DFFXUDF\�RI � KH�
HURVLRQ� PRGHO� RI � '(0�1'9,� QG� W V�D L 

PRGLILFDWLRQ� ��,-*���������

7DULJDQ�6'��������0HWKRGV�IRU�GHOLQHDWLQJ�GHJUDGHG�ODQG�DW�
&LWDUXP�:DWHUVKHG��:HVW�-DYD��,QGRQHVLD��-�7URSLFDO�
6RLOV�����������

:LVFKPHLHU� :+�� 6PLWK� '' � ���� � 3UHGLFWLQJ� DLQIDOO�� � U
H O D J F SURVLRQ� RVVHV�� � XLGH� WR� RQVHUYDWLRQ� ODQQLQJ��
:DVKLQJWRQ� '&� �86��� 86'$� $JULFXOWXUH�
+DQGERRN�1R������
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3URSRVHG�PRGHO�RQ�OHYHOV�RI �GHJUDGHG�ODQG�DW�0HUDZX�:DWHUVKHG��,QGRQHVLD


