
35(',&7,1*�7+(�,03$&7�2)�&/,0$7(�&+$1*(�21�
7+(�',675,%87,21�2)� �)��0XHOO�'MJOEFSTJB�QJNFOUFMJBOB
,1�,1'21(6,$1�3$38$�$1'�3$38$�1(:�*8,1($

,<$1�52%,$16<$+



&HQWHU�IRU�3ODQW�&RQVHUYDWLRQ�%RJRU�%RWDQLF�*DUGHQ��,QGRQHVLDQ�,QVWLWXWH�RI �6FLHQFHV��
%RJRU��������,QGRQHVLD

5HFHLYHG����'HFHPEHU������$FFHSWHG����$XJXVW�����

$%675$&7

� 3RSXODWLRQ�RI �)OLQGHUVLD�SLPHQWHOLDQD��0DSOH�6LONZRRG��LQ�,QGRQHVLDQ�3DSXD�DQG�3DSXD�1HZ�*XLQHD�LV�VHYHUHO\�
IUDJPHQWHG�DQG�H[SHULHQFLQJ�D�FRQWLQXLQJ�GHFOLQH�GXH�WR�KDELWDW�GHVWUXFWLRQ�DQG�LOOHJDO�ORJJLQJ��7KLV�VSHFLHV�LV�YHU\�
VXVFHSWLEOH�WR�HQYLURQPHQWDO�FKDQJHV�DQG�DW�JUHDWHU�ULVN�RI �H[WLQFWLRQ�GXH�WR�LWV�VPDOO�DQG�IUDJPHQWHG�JHRJUDSKLF�
UDQJHV�DQG�ORZ�DEXQGDQFH��8VLQJ�PD[LPXP�HQWURS\��0D[(QW��PHWKRG��WKH�SUHVHQW�VWXG\�SUHGLFWHG�WKH�LPSDFW�RI �
FOLPDWH�FKDQJH�RQ�WKH�GLVWULEXWLRQ�RI �WKH�VSHFLHV�DFURVV�LWV�QDWLYH�GLVWULEXWLRQ�DUHD��(OHYDWLRQ�DQG����ELRFOLPDWLF�
YDULDEOHV�FRPPRQO\�XVHG�LQ�VSHFLHV�GLVWULEXWLRQ�PRGHOLQJ�ZHUH�XVHG�DV�SUHGLFWRUV�� �7KH�SUHGLFWLRQ�PRGHO�RI �WKH�

�
FXUUHQW�SRWHQWLDO�GLVWULEXWLRQ�LGHQWLILHG�D�WRWDO�DUHD�RI ���������NP �LQ�,QGRQHVLDQ�3DSXD�DQG�3DSXD�1HZ�*XLQHD������
RI �WRWDO�ODQG�DUHD��DV�VXLWDEOH�KDELWDW�IRU�)��SLPHQWHOLDQD��(OHYDWLRQ�DQG�SUHFLSLWDWLRQ�RI �WKH�ZHWWHVW��FROGHVW�DQG�ZDUPHVW�
TXDUWHUV�FRQWULEXWHG�PRVW�WR�WKH�PRGHO��%DVHG�RQ�WKH�DYHUDJH�RI �+DG*(0��(6�DQG�0,52&�(60�PRGHOV��SRWHQWLDO�
GLVWULEXWLRQ�SURMHFWLRQV�XQGHU�5&3����VFHQDULR�VXJJHVWHG�D�KDELWDW�JDLQ�RI �����IRU������DQG����IRU������LQ�WKH�
VSHFLHV�GLVWULEXWLRQ��:KHUHDV�XQGHU�5&3�����DQ�DYHUDJH�KDELWDW�JDLQ�RI ����ZDV�SUHGLFWHG�IRU�ERWK������DQG�������7KH�
QHZO\�VXLWDEOH�KDELWDWV�ZHUH�SUHGLFWHG�WR�EH�IRXQG�PDLQO\�LQ�6RXWKHUQ�DQG�:HVWHUQ�+LJKODQG�RI �3DSXD�1HZ�*XLQHD��
3URWHFWLRQ�RI �WKHVH�DUHDV�IURP�KDELWDW�GHVWUXFWLRQ�DQG�ODQG�XVH�FKDQJH�LV�QHHGHG�WR�DVVLVW�)��SLPHQWHOLDQD�ILQG�WKH�PRVW�
VXLWDEOH�FOLPDWH�IRU�LWV�VXUYLYDO��

� .H\ZRUGV��&OLPDWH�FKDQJH��GLVWULEXWLRQ�PRGHOV��)OLQGHUVLD�SLPHQWHOLDQD��0D[(QW��SUHGLFWLRQ
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&OLPDWH�LV�RQH�RI �WKH�PRVW�LPSRUWDQW�IDFWRUV�
LQIOXHQFLQJ� SODQW� GLVWULEXWLRQ�� $W� SRSXODWLRQ�
VFDOH�� VHHG�JHUPLQDWLRQ��JURZWK�DQG�VXUYLYDO�RI �
SODQWV�DUH�VWURQJO\�LQIOXHQFHG�E\�WHPSHUDWXUH�DQG�
SUHFLSLWDWLRQ��:DOFN�HW�DO���������7KXV��WKH�UDSLGO\�
FKDQJLQJ� FOLPDWH� IRU� WKH� FRPLQJ� GHFDGHV� ZLOO�
XQGRXEWHGO\�DOWHU�ORFDO�HQYLURQPHQW�ZKHUH�SODQWV�
JURZ�DQG�FRQVHTXHQWO\�FKDQJH� WKHLU� DEXQGDQFH�
DQG� GLVWULEXWLRQ� �,3&&� ������� 3ODQWV� KDYH� RQO\�
WZR� DOWHUQDWLYHV� LQ� GHDOLQJ� ZLWK� IXWXUH� FOLPDWH�
FKDQJH�LQ�RUGHU�WR�VXUYLYH�L�H��HLWKHU�DGDSWLQJ� LQ�
VLWX�RU�GLVSHUVLQJ�WR�ILQG�WKH�PRVW�VXLWDEOH�FOLPDWH�
IRU�WKHLU�VXUYLYDO���)DLOLQJ�WR�ILQG�WKH�PRVW�VXLWDEOH�
HQYLURQPHQW�ZLOO� UHVXOW� LQ� WKH�H[WLQFWLRQ�RI � WKH�
SODQWV�� ,Q� WKLV� FRQWH[W�� XQGHUVWDQGLQJ� DQG�
SUHGLFWLQJ� WKH� UHVSRQVH� RI � SODQW� VSHFLHV� DQG�

SRVVLEOH� GLVWULEXWLRQ� DOWHUQDWLYHV� XQGHU� FOLPDWH�
FKDQJH� FRQGLWLRQ� DUH� LPSRUWDQW� WR� GHYHORS�
SURDFWLYH� VWUDWHJLHV� WR� UHGXFH� WKH� LPSDFW� RI �
FOLPDWH�FKDQJH�RQ�SODQW�VSHFLHV�GLYHUVLW\�
6SHFLHV� 'LVWULEXWLRQ� 0RGHOV� �6'0V�� LV� DQ�

LPSRUWDQW� WRRO� LQ� HFRORJ\� DQG� ELRGLYHUVLW\�
FRQVHUYDWLRQ��ERWK�IRU�XQGHUVWDQGLQJ�WKH�IDFWRUV�
WKDW�DIIHFW�VSHFLHV�GLVWULEXWLRQ�DQG�IRU�SUHGLFWLQJ�
WKH� UHVSRQVH� RI � VSHFLHV� WR� FOLPDWH� FKDQJH�
�3HWHUVRQ�HW�DO��������)UDQNOLQ�������*XLVDQ�HW�DO��
������*XLOOHUD�$UURLWD�HW�DO���������7KHVH�PRGHOV�
FRUUHODWH� VSHFLHV� RFFXUUHQFH� GDWD� DQG�
HQYLURQPHQWDO� YDULDEOHV� WR� HVWLPDWH� VSHFLHV�
GLVWULEXWLRQ�XVLQJ�VWDWLVWLFDO��RU�PDFKLQH�OHDUQLQJ�
SURFHGXUHV� �3KLOOLSV� HW� DO�� ������ 5REHUWV� 	�
+DPDQQ� ������� $PRQJ� DYDLODEOH� PRGHOV��
0D[LPXP�(QWURS\��0D[(QW���3KLOOLSV�HW�DO��������
LV� RQH� RI � WKH� EHVW� 6'0V� IRU� DQDO\]LQJ� WKH�
SUHVHQFH�RQO\� GDWD� LQ� WHUPV� RI � DELOLW\� WR�
GLVWLQJXLVK� EHWZHHQ� DUHDV� ZKHUH� D� VSHFLHV� LV�
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SUHVHQW��YHUVXV�WKRVH�ZKHUH�LW�LV�DEVHQW��(OLWK�HW�DO��
�������:LWK�PRUH� WKDQ������� DSSOLFDWLRQV� VLQFH�
������0D[(QW� LV� DOVR�RQH�RI � WKH�PRVW� SRSXODU�
6'0V��PDLQO\�GXH�WR�WKH�XVHU�IULHQGOLQHVV�RI �WKH�
VRIWZDUH� DQG� LWV� KLJK� SUHGLFWLYH� DFFXUDF\�
FRPSDUHG�WR�RWKHU�6'0V��0HURZ�HW�DO��������

)OLQGHUVLD� SLPHQWHOLDQD� )�� 0XHOO�� �5XWDFHDH��
�0DSOH�6LONZRRG��LV�D�WUHH�QDWLYH�WR�4XHHQVODQG�
�$XVWUDOLD��� ,QGRQHVLDQ� 3DSXD� DQG� 3DSXD� 1HZ�
*XLQHD� �$XVWUDOLDQ� 7URSLFDO� 5DLQIRUHVW� 3ODQWV��
KWWS���NH\V�WULQ�RUJ�DX��� 7KH� VSHFLHV� LV� XVXDOO\�
IRXQG�LQ�ZHOO�GHYHORSHG�UDLQ�IRUHVWV�DQG�LQ�YDULRXV�
VLWHV��EXW�UHDFKHV�LWV�EHVW�GHYHORSPHQW�LQ�XSODQG�
DQG� PRQWDQH� UDLQ� IRUHVWV�� (YDOXDWLRQ� RQ�
SRSXODWLRQ�VWDWXV�RI � �LQ�,QGRQHVLDQ�)��SLPHQWHOLDQD
3DSXD�DQG�3DSXD�1HZ�*XLQHD�UHYHDOHG�WKDW�WKH�
WUHH�LV�FDWHJRUL]HG�DV� �DFFRUGLQJ�WR�(QGDQJHUHG
WKH� ,QWHUQDWLRQDO� 8QLRQ� IRU� &RQVHUYDWLRQ� RI �
1DWXUH� �,8&1�� 5HGOLVW� &DWHJRU\� DQG� &ULWHULD�
�(GGRZHV� ������� ,OOHJDO� ORJJLQJ� LV� LGHQWLILHG� DV�
PDMRU� WKUHDW� IRU� WKLV� VSHFLHV�� OHDGLQJ� WR� VHYHUH�
SRSXODWLRQ� IUDJPHQWDWLRQ� DQG� GHFOLQH� LQ� WKH�
SRSXODWLRQ�VL]H��6XFK�VSHFLHV�LV�YHU\�VHQVLWLYH�WR�
HQYLURQPHQWDO� FKDQJHV� DQG� DW� JUHDWHU� ULVN� RI �
H[WLQFWLRQ�� ,Q� WKLV� VWXG\��0D[(QW�ZDV�XVHG�DV�D�
WRRO�WR�SUHGLFW�WKH�LPSDFW�RI �FOLPDWH�FKDQJH�RQ�
WKH�GLVWULEXWLRQ�RI � �DFURVV�LWV�QDWLYH�)��SLPHQWHOLDQD
HQYLURQPHQW��7KLV�VWXG\�ZDV�DLPHG�WR������SUHGLFW�
FXUUHQW�SRWHQWLDO�GLVWULEXWLRQ�RI � �LQ�)��SLPHQWHOLDQD
,QGRQHVLDQ� 3DSXD� DQG� 3DSXD� 1HZ�*XLQHD�� ����
LGHQWLI\�WKH�HQYLURQPHQWDO�IDFWRUV�DVVRFLDWHG�ZLWK�
KDELWDW� GLVWULEXWLRQ� RI � � DQG� ����)�� SLPHQWHOLDQD
HVWLPDWH� WKH� LPSDFW� RI � FOLPDWH� FKDQJH� WR� WKH�
IXWXUH� SRWHQWLDO� GLVWULEXWLRQ� RI � � � WKH� WUHH�� 7KH�
UHVXOWV� RI � WKLV� VWXG\� PD\� VHUYH� DV� D� EDVLV� LQ�
GHYHORSLQJ� ORQJ� WHUP� DGDSWDWLRQ� VWUDWHJLHV� IRU�
DVVLVWLQJ� � LQ� GHDOLQJ� ZLWK� FOLPDWH�)�� SLPHQWHOLDQD
FKDQJH�
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7DUJHW�6SHFLHV�DQG�2FFXUUHQFH�'DWD

� )OLQGHUVLD� SLPHQWHOLDQD� )�� 0XHOO�� �V\QRQ\P�� )��
FKU\VDQWKD�0HUU��	�/�0��3HUU\�DQG�)��PD]OLQL�)�0��
%DLOH\���5XWDFHDH��LV�D�WUHH�KDYLQJ�KHLJKW�XS�WR����
P�� � 7KLV� SODQW� VSHFLHV� FDQ� EH� D� FDQRS\� RU�
VXEFDQRS\�WUHH��,WV�KDELWDW�UDQJHV�IURP�QHDU�VHD�
OHYHO� WR� ������ P� DVO�� 7KH� WUHH� KDV� D� VWUDLJKW��
F\OLQGULFDO�WUXQN�ZKLFK�FDQ�EH�XQEUDQFKHG�IRU�XS�

WR� ��� P� DQG� LWV� GLDPHWHU� FDQ� UHDFK� ���� FP�
�&RQQ�	�'DPDV��������)��SLPHQWHOLDQD� LV�KHDYLO\�
H[SORLWHG�IURP�WKH�ZLOG�GXH� WR� LWV�JRRG�TXDOLW\�
WLPEHU��ZKLFK�LV�VXLWDEOH�IRU�ZRRG�FUDIW��IXUQLWXUH��
PROGLQJV� DQG� LQWHULRU� FRQVWUXFWLRQ� SXUSRVHV�
�3XUQDZDWL��������7KHUH�KDG�EHHQ�VHYHUDO�HIIRUWV�
WR� SODQW� WKLV� WUHH� LQ� RUGHU� WR� PLQLPL]H� WLPEHU�
KDUYHVWLQJ� IURP� WKH�ZLOG��+RZHYHU�� GXH� WR� WKH�
WUXQN�DQG�FDQRS\� ODUJH�VL]HV�� LW� LV�HFRQRPLFDOO\�
LPSRVVLEOH� WR� JURZ� WKLV� WUHH� LQ� SODQWDWLRQ�XQWLO�
UHDFKLQJ�WKH�VDPH�JRRG�WLPEHU�TXDOLW\�DV�LW�LV�IURP�
WKH�ZLOG� �$XVWUDOLDQ�7URSLFDO� 5DLQIRUHVW� 3ODQWV��
KWWS���NH\V�WULQ�RUJ�DX��� %DVHG� RQ� SRSXODWLRQ�
DVVHVVPHQW�LQ�,QGRQHVLDQ�3DSXD�DQG�3DSXD�1HZ�
*XLQHD�� WKH� ,8&1� FODVVLILHV� )�� SLPHQWHOLDQD� DV�
(QGDQJHUHG� VSHFLHV�� ZLWKRXW� FRQVLGHULQJ�
SRSXODWLRQ� RI � WKLV� VSHFLHV� LQ� 4XHHQVODQG�
�$XVWUDOLD��
� 2FFXUUHQFH� GDWD� RI � )�� SLPHQWHOLDQD� ZHUH�
REWDLQHG� IURP� WKH� *OREDO� %LRGLYHUVLW\�
,QIRUPDWLRQ�)DFLOLW\� �*%,)�� �ZZZ�JELI�RUJ��� DQ�
RSHQ� DFFHVV� GDWD� SRUWDO� WKDW� SURYLGHV� ULFK�
LQIRUPDWLRQ� DERXW� WKH� NQRZQ� SUHVHQFH� RI �
RUJDQLVPV�� $� WRWDO� RI � ��� UHFRUGV� ZLWK�
JHRJUDSKLFDO� FRRUGLQDWH� ZHUH� LQLWLDOO\� REWDLQHG�
IURP�*%,)��7KLV� ORZ�QXPEHUV� RI � RFFXUUHQFHV�
ZHUH� PDLQO\� GXH� WR� ODFN� RI � RFFXUUHQFH�
LQIRUPDWLRQ� IURP� ,QGRQHVLDQ� 3DSXD�� 7KH� GDWD�
ZHUH� WKHQ� ILOWHUHG� IRU� GXSOLFDWH� DQG� DXWR�
FRUUHODWHG�RFFXUUHQFH�SRLQWV�XVLQJ�VSDWLDOO\�UDUHI\�
RFFXUUHQFH�GDWD�WRRO�LQ�6'0WRROER[��%URZQ��������
7KH� WRRO� UHPRYHV� VSDWLDO� FOXVWHU� RI � ORFDOLWLHV�
DFFRUGLQJ� WR� FOLPDWH� KHWHURJHQHLW\�� )RU� WKLV�
SXUSRVH��WKH�WRRO�ZDV�VHW�DV�KDYLQJ�WZR�FODVVHV��
QDWXUDO� EUHDNV� FODVVLILFDWLRQ� W\SH� DQG� ��� NP�
PLQLPXP� GLVWDQFH�� � 7KH� UHVXOWLQJ� GDWD� ZHUH�
FRPSRVHG� RI � ��� XQLTXH� GLVWULEXWLRQ� UHFRUGV�
ZKLFK�ZHUH�WKHQ�XVHG�IRU�EXLOGLQJ�WKH�PRGHO��7KLV�
ILOWHULQJ� PHWKRG� FDQ� PD[LPL]H� WKH� QXPEHU� RI �
VSDWLDOO\�LQGHSHQGHQW�ORFDOLWLHV�DQG�FDQ�HQKDQFH�
PRGHO�SHUIRUPDQFH�E\�UHPRYLQJ�RYHU�ILW�RI �WKH�
PRGHOV�WRZDUGV�HQYLURQPHQWDO�ELDV��9HOR]�������
+LMPDQV�������%RULD�HW�DO��������

&UHDWLRQ�RI �%LDV�)LOH

� 0D[(QW� W\SLFDOO\� VHOHFWV� EDFNJURXQG� SRLQWV�
IURP�D� ODUJH� DUHD� DQG� FRPSDUHV� WKHP�ZLWK� WKH�
SUHVHQW�GDWD�WR�GLIIHUHQWLDWH�EHWZHHQ�WKH�VXLWDEOH�
DQG� XQVXLWDEOH� HQYLURQPHQWDO� FRQGLWLRQV�� 9DQ�
'HU� :DO� HW� DO�� ������� VKRZHG� WKDW� PRGHO�
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WKLV� SXUSRVH�� SDLUZLVH� 3HDUVRQ� FRUUHODWLRQ�
FRHIILFLHQW� RI � FXUUHQW� ELRFOLPDWLF� GDWD� ZDV�
FDOFXODWHG�XVLQJ�6'0WRROER[�DQG�U��������ZDV�
XVHG� DV� D� FXW�RII � WKUHVKROG� WR� GHWHUPLQH� WKH�
H[FOXVLRQ�RI �KLJKO\�FRUUHODWHG�YDULDEOHV��7DEOH�����
7KH� UHVXOWLQJ� YDULDEOH� VHW� ZDV� FRPSRVHG� RI � ��
SUHGLFWRUV��7DEOH����
� 9DULDEOHV� FRPPRQO\� XVHG� LQ� HFRORJLFDO�
VWXGLHV�DQG�EHVW�UHSUHVHQWHG�WKH�RULJLQDO�LQSXW�RI �
FOLPDWH�GDWD� �%LR���%LR��� DQG�%LR���� DV�ZHOO� DV�
WKRVH�ZLWK� WKH� OHDVW� FRUUHODWLRQ� WR� RWKHUV�ZHUH�
UHWDLQHG� LQ� WKH�PRGHO�� 7RJHWKHU� ZLWK� HOHYDWLRQ�
GDWD�� WKHVH� YDULDEOHV�ZHUH� FRQVLGHUHG� WR�EH� WKH�
UHSUHVHQWDWLYHV�RI �SUHGLFWRU�FDQGLGDWHV�DQG�ZHUH�
DVVHVVHG� WKURXJK�0D[HQW
V� MDFNNQLIH� WHVW�� $V� D�
FRQVHTXHQFH��YDULDEOHV�WKDW�FRQWULEXWHG��������
ZHUH� HOLPLQDWHG� DQG� WKH� ILQDO� H[SODQDWRU\�
YDULDEOHV� REWDLQHG� ZHUH� WKHQ� XVHG� WR� EXLOG�
0D[(QW�PRGHOV�IRU� ��7DEOH����)��SLPHQWHOLDQD

)XWXUH�&OLPDWH�3URMHFWLRQV

� 7R � SUHG LF W � IX WXUH � G L V W U LEXW LRQ � RI �
)��SLPHQWHOLDQD��GRZQVFDOHG�DQG�FDOLEUDWHG�JOREDO�
FLUFXODWLRQ� PRGHO� �*&0�� RI � +DG*(0��(6�
�+DGOH\� &HQWUH� *OREDO� (QYLURQPHQW� 0RGHO��
YHUVLRQ� ��(DUWK� 6\VWHP�� DQG� 0,52&�(60�
�0RGHO� IRU� ,QWHUGLVFLSOLQDU\� 5HVHDUFK� RQ�
&OLPDWH�(DUWK�6\VWHP�0RGHOV��IRU�������DYHUDJH�
IRU� ����� �� ������ DQG� ����� �DYHUDJH� IRU� ����� ��
������ ZHUH� XVHG� �+LMPDQV� � ������HW� DO�
KWWS���ZZZ�ZRUOGFOLP�RUJ��� 7KHVH� GDWD� ZHUH�
DPRQJ�WKH�PRVW�UHFHQW�*&0�FOLPDWH�SURMHFWLRQV�
WKDW� ZHUH� XVHG� LQ� WKH� )LIWK� $VVHVVPHQW�
,QWHUJRYHUQPHQWDO� 3DQHO� RQ� &OLPDWH� &KDQJH�
�,3&&�� 5HSRUW�� (DFK� RI � WKHVH� FOLPDWH� PRGHOV�
KDG� ��� DUF�VHFRQGV� UHVROXWLRQ� DQG� SURMHFWHG�
WZR� 5HSUHVHQWDWLYH� &RQFHQWUDWLRQ� 3DWKZD\�
�5&3�� HPLVVLRQ� VFHQDULRV�� QDPHO\� 5&3���� DQG�
5&3����� :KLOH� WKH� 5&3���� UHSUHVHQWHG� ORZ�
HPLVVLRQ� VFHQDULR�� WKH� 5&3���� ZDV� D� VFHQDULR�
RI � KLJK� JUHHQKRXVH� JDV� HPLVVLRQV� DQG�
UHSUHVHQWHG� WKH�ZRUVW� FDVH� VFHQDULR� RI � FOLPDWH�
PRGHO� VLPXODWLRQ� LQ� WKH� )LIWK� $VVHVVPHQW�
,3&&� UHSRUW� �VHH� 5LDKL� � ������� IRU� PRUH�HW� DO�
GHWDLOV�RI �WKH�VFHQDULRV���)LQDO�PRGHOV�IRU�IXWXUH�
KDELWDW� SUHGLFWLRQ� ZHUH� REWDLQHG� E\� DYHUDJLQJ�
UHVXOWV� IURP�+DG*(0��(6� DQG�0,52&�(60�
IXWXUH�FOLPDWH�PRGHOV�

SHUIRUPDQFH�ZDV�ORZHU�ZKHQ�EDFNJURXQG�SRLQWV�
ZHUH� VHOHFWHG� IURP�D� ODUJH� DUHD��7KLV�KDSSHQHG�
EHFDXVH� WKH� EDFNJURXQG� SRLQWV� VHOHFWHG�� ZKLFK�
ZHUH�YHU\�GLVWDQW�IURP�DOO�SUHVHQFH�SRLQWV��ZHUH�
PRUH� OLNHO\� WR� VKRZ� HQYLURQPHQWDO� FRQGLWLRQV�
WKDW� ZHUH� YHU\� GLIIHUHQW� IURP� WKRVH� IRU� WKH�
SUHVHQFH�GDWD� �$QGHUVRQ�	�5D]D�������%DUEHW�
0DVVLQ�HW�DO���������7KXV��WKH�ODUJHU�WKH�VWXG\�DUHD��
WKH� KLJKHU� SURSRUWLRQ� RI � OHVV� LQIRUPDWLYH�
EDFNJURXQG�SRLQWV� LV� LQFOXGHG�LQ�WKH�PRGHO��7R�
RYHUFRPH�WKLV�SUREOHP��D�ELDV�ILOH�ZDV�FUHDWHG�LQ�
WKH� SUHVHQW� VWXG\� WR� UHVWULFW� EDFNJURXQG� SRLQW�
VHOHFWLRQ� DQG� KHQFH�� LQFUHDVH� WKH� PRGHO�
SHUIRUPDQFH��8VLQJ�EXIIHUHG�PLQLPXP�FRQYH[�SRO\JRQ�
WRRO�LQ�6'0WRROER[��WKH�ELDV�ILOH�ZDV�EXLOW�ZLWK�
PD[LPXP� UDGLDO� GLVWDQFH� RI � ��� NP� IURP� WKH�
RFFXUUHQFH�SRLQWV�

6HOHFWLRQ�RI �(QYLURQPHQWDO�9DULDEOHV

� 7KH�HOHYDWLRQ�DQG�FXUUHQW�ELRFOLPDWLF�GDWD�VHW�
ZDV�REWDLQHG�IURP�WKH�6KXWWOH�5DGDU�7RSRJUDSK\�
0LVVLRQ� �6570�� JOREDO� HOHYDWLRQ� GDWD� �KWWS����
VUWP�FVL�FJLDU�RUJ��� DQG�:RUOG&OLP�����GDWDEDVH�
�+LMPDQV�HW�DO��������KWWS����ZZZ�ZRUOGFOLP�RUJ���
UHVSHFWLYHO\�� 7KH� FXUUHQW� ELRFOLPDWLF� GDWD� �1L[�
������FRQVLVWHG�RI ����YDULDEOHV�DQG�ZHUH�GHULYHG�
IURP�PRQWKO\�UDLQIDOO��ZKLOH�WKH�WHPSHUDWXUH�GDWD�
ZHUH�REWDLQHG� IURP�ZHDWKHU� VWDWLRQV�DFURVV� WKH�
JOREH�ZLWKLQ�WKH�SHULRG�RI ��������������7KHVH�GDWD�
VKRZHG� DQQXDO� WUHQGV�� VHDVRQDOLW\� DQG� H[WUHPH�
HQYLURQPHQWDO�IDFWRUV��DQG�ZHUH�IUHTXHQWO\�XVHG�
LQ�SUHGLFWLQJ�VSHFLHV�GLVWULEXWLRQ��+HQFH��D�WRWDO�
RI � ��� HQYLURQPHQWDO� YDULDEOHV� ZHUH� LQLWLDOO\�
FRQVLGHUHG� IRU� PRGHO� EXLOGLQJ�� $OO� WKH�
HQYLURQPHQWDO� OD\HUV� XVHG� LQ� WKH�PRGHO� KDG� ���
DUF�VHFRQGV� RU� §�� NP� UHVROXWLRQ�� 7KHVH� OD\HUV�
ZHUH�FOLSSHG�WR�WKH�,QGRQHVLDQ�3DSXD�DQG�3DSXD�
1HZ� *XLQHD� SROLWLFDO� ERXQGDULHV� DQG� WKHQ�
FRQYHUWHG� WR� $6&,,� UDVWHU� ILOHV� XVLQJ� (65,�
$UF0DS� ������ 'XH� WR� WKH� OLPLWDWLRQ� RI � GDWD�
DYDLODELOLW\��WKH�SUHVHQW�VWXG\�GLG�QRW�LQFOXGH�RWKHU�
LPSRUWDQW� YDULDEOHV� LQIOXHQFLQJ� WKH� GLVWULEXWLRQ�
RI � SODQW� VSHFLHV�� VXFK� DV� VRLO� FKDUDFWHULVWLFV��
GLVWDQFH� IURP� ZDWHU� ERGLHV� DQG� JURXQGZDWHU�
WDEOH�
� 7R� UHGXFH� PRGHO� RYHUILWWLQJ� DQG� PLQLPL]H�
KLJK� FR�OLQHDULW\�� KLJKO\� FRUUHODWHG� ELRFOLPDWLF�
YDULDEOHV� ZHUH� UHPRYHG� IURP� WKH� PRGHO�� )RU�

��
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� 7KH� SRWHQWLDO� UDQJH� RI � ORVV� DQG� JDLQ� RI �
)�� SLPHQWHOLDQD� ZDV� FDOFXODWHG� IRU� WKH� \HDU� RI �
����� DQG� ������ 7R� GHWHUPLQH� ZKHWKHU� WKH�
VSHFLHV� DVVHPEODJHV� ZRXOG� EH� FRQVWDQW� RU�
FKDQJH� LQ� WKH� IXWXUH� FRPSDUHG� WR� WKH� FXUUHQW�
SRWHQWLDO� KDELWDWV�� WKH� WXUQRYHU� UDWH� � �� ZDV�7
FDOFXODWHG�XVLQJ�WKH�IROORZLQJ�IRUPXOD��+X� �HW�DO�
������

ZKHUH��7��  � VSHFLHV�WXUQRYHU�UDWH
� � *��  � VSHFLHV�JDLQ
� � /��  � VSHFLHV�ORVV
� � 65�  � FXUUHQW�VSHFLHV�SRWHQWLDO�GLVWULEXWLRQ

� 7�YDOXH�UDQJHV�IURP���WR������ZKHUH�YDOXH�RI �
���� LQGLFDWHV� WKDW� WKH� VSHFLHV� DVVHPEODJHV� DUH�
GLIIHUHQW�� ZKLOH� YDOXH� RI � �� LQGLFDWHV� WKDW� WKH�
VSHFLHV� DVVHPEODJHV� DUH� VLPLODU� ZLWK� SUHYLRXV�
FRQGLWLRQV��7ULVXUDW� �������HW�DO�

0RGHO�'HYHORSPHQW�DQG�(YDOXDWLRQ

� 7KH� PD[LPXP� HQWURS\� PHWKRG� � DV �
LPSOHPHQWHG� LQ� 0D[(QW� �9HUVLRQ� �����N��� ZDV�
XVHG�WR�PRGHO�WKH�SRWHQWLDO�GLVWULEXWLRQ�UDQJH�RI �
)��SLPHQWHOLDQD��7R�YDOLGDWH�DQG�FDOLEUDWH�WKH�PRGHO��
WKH�0D[(QW�PRGHOLQJ�ZDV� UXQ� WKURXJK�6SDWLDOO\�
-DFNNQLIH� WRRO�RI �6'0WRROER[��0RGHO�YDOLGDWLRQ�
ZDV� GRQH� XVLQJ� JHRJUDSKLFDOO\� VWUXFWXUHG�
WKUHHIROG�FURVV�YDOLGDWLRQ�PHWKRG��)XUWKHUPRUH��
WKH� WRRO� WHVWHG� GLIIHUHQW� FRPELQDWLRQV� RI � ILYH�
PRGHO�IHDWXUH�FODVV�W\SHV��� OLQHDU��� OLQHDU�DQG�
TXDGUDWLF�� � � KLQJH�� � OLQHDU�� TXDGUDWLF�� DQG�
KLQJH��DQG�� OLQHDU��TXDGUDWLF��KLQJH��SURGXFW��DQG�
WKUHVKROG�� WR� RSWLPL]H� WKH�PRGHO� SHUIRUPDQFH��
(DFK�RI �WKHVH�PRGHO�SDUDPHWHU�FODVVHV�ZDV�UXQ�LQ�
ILYH� UHSOLFDWHV�� )LQDOO\�� WKH� EHVW� PRGHO� ZDV�
DXWRPDWLFDOO\�VHOHFWHG�E\�HYDOXDWLQJ�WKH�RPLVVLRQ�
UDWH�� $UHD� 8QGHU� WKH� &XUYH� �$8&�� DQG� PRGHO�
IHDWXUH� FODVV� FRPSOH[LW\� RI � HDFK� PRGHO�� 7R�
PHDVXUH� WKH� LPSRUWDQFH� RI � HQYLURQPHQWDO�
YDULDEOHV��WKH� �SURFHGXUH�ZDV�XVHG�6SDWLDOO\�-DFNNQLIH
ZKLFK�FUHDWHG�UHVSRQVH�FXUYHV�
� 7KH�EHVW�PRGHO�VHOHFWHG�ZDV�XVHG�WR�UXQ�WKH�
ILQDO�PRGHO�XVLQJ�DOO�RI �WKH�RFFXUUHQFH�SRLQWV��7KH�
PRGHO�ZDV�DOVR�SURMHFWHG�WR�WKH�IXWXUH�FOLPDWHV�RI �
����� DQG� ����� XVLQJ� 5&3���� DQG� 5&3����
HPLVVLRQ�VFHQDULRV��0D[LPXP�WUDLQLQJ�VHQVLWLYLW\�
SOXV� VSHFLILFLW\� ORJLVWLF� WKUHVKROG� ZDV� XVHG� WR�
FRQYHUW� WKH� FRQWLQXRXV� VXLWDELOLW\� LQGH[� LQWR�
VXLWDEOH� DQG� XQVXLWDEOH� DUHDV� IRU� �)�� SLPHQWHOLDQD�

7KH�SUHGLFWHG�VXLWDEOH�DUHDV�ZHUH�WKHQ�FOLSSHG�E\�
��� P� UHVROXWLRQ� 3$/6$5���3$/6$5� IRUHVW�
FRYHU�RI ������REWDLQHG�IURP�WKH�-DSDQ�$HURVSDFH�
([SORUDWLRQ�$JHQF\��ZZZ�HRUF�MD[D�MS��

5(68/76�$1'�',6&866,21

0RGHO� 3HUIRUPDQFH� DQG� (QYLURQPHQWDO�
9DULDEOH�5HVSRQVHV

� $OWKRXJK�WKHUH�DUH�VRPH�GUDZEDFNV�DWWULEXWHG�
WR�0D[(QW��VXFK�DV�RYHUILWWLQJ��PRGHO�FRPSOH[LW\�
GHSHQGHQF\� DQG� LQGHSHQGHQW� HYDOXDWLRQ� GDWD�
UHTXLUHPHQW� �5DGRVDYOMHYLF�	�$QGHUVRQ� �������
LWV� XVHU�IULHQGOLQHVV� KDV� DWWUDFWHG� PDQ\�
DSSOLFDWLRQ�LQ�6'0V��)XUWKHUPRUH��0D[(QW�KDV�
EHHQ�VKRZQ�WR�SHUIRUP�EHWWHU�WKDQ�RWKHU�PRGHOV�
IRU�DQDO\]LQJ�SUHVHQFH�RQO\�GDWD��7KH�PRGHO�DOVR�
KDV�WKH�EHVW�SUHGLFWLYH�SRZHU�HYHQ�ZLWK�YHU\�ORZ�
VDPSOH�VL]H��:LV]�HW�DO���������,Q�WKH�SUHVHQW�VWXG\��
XVLQJ� ��� RFFXUUHQFH� GDWD�� WKH� 0D[(QW� PRGHO�
GHYHORSHG� IRU� SUHGLFWLQJ� WKH� SRWHQWLDO�
GLVWULEXWLRQ� RI� )�� SLPHQWHOLDQD� ZDV� VLJQLILFDQWO\�
EHWWHU�WKDQ�UDQGRP�H[SHFWDWLRQV��7KH�DYHUDJH�WHVW�
$8&� IRU� WKH� UHSOLFDWH� UXQV� ZDV� ������ �6'�  �
��������3HWHUVRQ�HW�DO���������DUJXHG�WKDW�WKH�$8&�
YDOXH�RI �����������LQGLFDWHG�PRGHUDWH�SHUIRUPDQFH�
RI � WKH�PRGHO�� 7KH� SUHVHQW� VWXG\� ZDV� WKH� ILUVW�
DWWHPSW� RQ� EXLOGLQJ� 6'0V� WR� SUHGLFW� SRWHQWLDO�
FXUUHQW�DQG�IXWXUH�GLVWULEXWLRQ�RI �)��SLPHQWHOLDQD�LQ�
,QGRQHVLDQ�3DSXD�DQG�3DSXD�1HZ�*XLQHD�
� $IWHU� UHPRYLQJ�KLJKO\�FRUUHODWHG�ELRFOLPDWLF�
YDULDEOHV�DQG�WKRVH�ZLWK������FRQWULEXWLRQ��WKHUH�
ZHUH���YDULDEOHV�LGHQWLILHG�DV�EHLQJ�LPSRUWDQW�LQ�
FUHDWLQJ� PRGHO� ILW� IRU� � �7DEOH� ����)�� SLPHQWHOLDQD
3UHFLSLWDWLRQ�UHODWHG�YDULDEOHV��%LR����%LR���DQG�
%LR����KDG�WKH�PRVW� LQIOXHQFH�WR� �)��SLPHQWHOLDQD
GLVWULEXWLRQ��7KHVH�YDULDEOHV�WRJHWKHU�FRQWULEXWHG�
����� �� WR� WKH� PRGHO�� 2Q� WKH� RWKHU� KDQG��
WHPSHUDWXUH�UHODWHG� YDULDEOHV� �%LR�� DQG� %LR���
WRJHWKHU� FRQWULEXWHG� RQO\� ����� WR� WKH� PRGHO��
)XUWKHUPRUH�� HOHYDWLRQ� ZDV� DOVR� LPSRUWDQW�
YDULDEOH�IRU� �GLVWULEXWLRQ�ZLWK�������)��SLPHQWHOLDQD
FRQWULEXWLRQ��7KH�VLJQLILFDQW�UROH�RI �SUHFLSLWDWLRQ�
RQ�WUHH�VSHFLHV�GLVWULEXWLRQ�LQ�WURSLFDO�IRUHVWV�ZDV�
ZHOO� GRFXPHQWHG� �%DOW]HU� � ������ %UHQHV�HW� DO�
$UJXHGDV� �������%DOW]HU�	�'DYLHV��������6RLO�HW�DO�
ZDWHU� DYDLODELOLW\� DIIHFWHG� E\� SUHFLSLWDWLRQ� LV� D�
GLUHFW�GHWHUPLQDQW�RI �WURSLFDO�WUHHV�GLVWULEXWLRQV�
LQ�ERWK�ORFDO�DQG�UHJLRQDO�VFDOHV��(QJHOEUHFKW� �HW�DO�
������7ROHGR� ������HW�DO� �

��
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� 5HVSRQVH� FXUYHV� RI � WKH� WRS� IRXU� RI � KLJKO\�
FRQWULEXWHG� YDULDEOHV� IRU� )�� SLPHQWHOLDQD� ZHUH�
VKRZQ� LQ� )LJXUH� ��� +DELWDWV� ZLWK� HOHYDWLRQ�
EHWZHHQ� ���� ²� ������ P� KDG� KLJK� SRWHQWLDO�
VXLWDELOLW\� IRU� WKH�VSHFLHV��)XUWKHUPRUH��KDELWDWV�
ZLWK�SUHFLSLWDWLRQ�RI �WKH�ZHWWHVW�PRQWK�EHWZHHQ�
���� �� ���� PP� �%LR���� KDG� KLJK� VXLWDELOLW\� IRU�
VXVWDLQLQJ�)��SLPHQWHOLDQD��,Q�DGGLWLRQ��WKH�VSHFLHV�
SUHIHUUHG� KDELWDW� KDYLQJ� SUHFLSLWDWLRQ� RI � WKH�
FROGHVW�TXDUWHU��%LR����DQG�WKH�ZDUPHVW�TXDUWHU�
�%LR����EHWZHHQ�����������PP�DQG�����������PP��
UHVSHFWLYHO\��+DELWDW� VXLWDELOLW\�RI �)�� SLPHQWHOLDQD�
GHFUHDVHG� ZLWK� WKH� LQFUHDVLQJ� YDOXH� RI � WKH�
SUHFLSLWDWLRQ�UHODWHG� YDULDEOHV�� 7KLV� SDWWHUQ� LV�
XQGHUVWDQGDEOH� DV�� DFFRUGLQJ� WR� 6FKXXU� ��������
LQFUHDVHG�SUHFLSLWDWLRQ�LQ�KXPLG�WURSLFDO�IRUHVWV�LV�
NQRZQ�WR�KDYH�QHJDWLYH�HIIHFW�RQ�SODQW�JURZWK�DQG�
QHW�SULPDU\�SURGXFWLYLW\��7KH�DXWKRU�DUJXHG�WKDW�
KLJK�UDLQIDOO�LQ�KXPLG�HFRV\VWHP�PD\�UHGXFH�SODQW�
JURZWK�DQG�SURGXFWLYLW\�E\�GHFUHDVLQJ�UDGLDWLRQ�
LQSXWV�� LQFUHDVLQJ� QXWULHQW� OHDFKLQJ� RU� UHGXFLQJ�
VRLO�R[\JHQ�DYDLODELOLW\�

3UHGLFWLRQ�RI �&XUUHQW�'LVWULEXWLRQ

� 8VLQJ� PD[LPXP� WUDLQLQJ� VHQVLWLYLW\� SOXV�
VSHFLILFLW\� ORJLVWLF� WKUHVKROG� ��������� PRGHO�
SUHGLFWLRQ�RI �WKH�FXUUHQW�GLVWULEXWLRQ�LGHQWLILHG�D�

�
WRWDO�DUHD�RI ���������NP ������RI �WRWDO�ODQG�DUHD��
DV� VXLWDEOH� KDELWDW� IRU� )�� SLPHQWHOLDQD�� /LX� HW� DO��
������� ������ VXJJHVWHG� WKDW� IRU� SUHVHQFH�RQO\�
GDWD��PD[LPXP�WUDLQLQJ�VHQVLWLYLW\�SOXV�VSHFLILFLW\�
ORJLVWLF� WKUHVKROG� FDQ� EH� XVHG� FRQILGHQWO\� IRU�
WKUHVKROG� VHOHFWLRQ� DV� LW� SURGXFHG� KLJKHU�
VHQVLWLYLW\�FRPSDUHG�WR�RWKHU�PHWKRGV��0RVW�RI �
WKH� VXLWDEOH� KDELWDWV� ZHUH� REVHUYHG� LQ�
PRXQWDLQRXV�UHJLRQV�DQG�VRXWKHUQ�FRDVWDO�DUHDV�
RI � WKH� PDLQ� LVODQG� ZKHUH� WKH� SUHFLSLWDWLRQ�
LQWHQVLW\�ZDV�UHODWLYHO\�ORZ��)LJ������,Q�,QGRQHVLD��
SRWHQWLDOO\� VXLWDEOH� KDELWDWV� IRU� )�� SLPHQWHOLDQD�
ZHUH�PRVWO\� ORFDWHG� DORQJ�PRXQWDLQ� FKDLQV� RI �
,QGRQHVLDQ�3DSXD��H[WHQGLQJ�IURP�WKH�PRXQWDLQ�
UDQJHV� LQ� 6RURQJ� 5HJHQF\� WR� WKH� -D\DZLMD\D�
0RXQWDLQV� LQ� 3HJXQXQJDQ� %LQWDQJ� 5HJHQF\��
7KHUH� ZHUH� DOVR� UHODWLYHO\� VHSDUDWHG� VXLWDEOH

��

)LJXUH��� 5HVSRQVH�FXUYHV�RI �WKH�WRS�IRXU�RI �KLJKO\�FRQWULEXWHG�YDULDEOHV�IRU�0D[(QW�PRGHO�RI�)OLQGHUVLD�SLPHQWHOLDQD��7KH� �
UHG�FHQWHU�OLQH�UHSUHVHQWV�WKH�PHDQ�YDOXHV�GHULYHG�IURP�WKH�FURVV�YDOLGDWLRQ�UXQV��ZKLOH�WKH�EOXH�FXUYH�GHOLQHDWHV�
WKH�VWDQGDUG�GHYLDWLRQ��9DULDEOH�GHILQLWLRQV��%LR����HOHYDWLRQ��P���%LR���DQG�%LR���UHSUHVHQW�SUHFLSLWDWLRQ��PP��RI �
WKH�ZHWWHVW�PRQWK�DV�ZHOO�DV�WKH�FROGHVW�DQG�ZDUPHVW�TXDUWHUV���UHVSHFWLYHO\
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UHJLRQV�IRU� �VXFK�DV�LQ�:DLJHR�,VODQG�)��SLPHQWHOLDQD
LQ� 5DMD� $PSDW� 5HJHQF\�� )DNIDN� 0RXQWDLQV� LQ�
)DNIDN�5HJHQF\��.XPDZD�0RXQWDLQV�LQ�.DLPDQD�
5HJHQF\�DQG�FRDVWDO�DUHDV�LQ�WKH�VRXWKHUQ�UHJLRQ�
RI � 0HUDXNH� 5HJHQF\�� )RU� 3DSXD� 1HZ�*XLQHD��
PRVW� RI � WKH� SRWHQWLDOO\� VXLWDEOH� KDELWDWV� ZHUH�
REVHUYHG�WR�EH�DORQJ�PRXQWDLQ�UHJLRQV�LQ�HDVWHUQ�
KLJKODQGV�DQG�2ZHQ�6WDQOH\�5DQJH��)XUWKHUPRUH��
VXLWDEOH� KDELWDWV� ZHUH� DOVR� GHWHFWHG� LQ� VRXWK�
ZHVWHUQ�FRUQHU�RI �WKH�:HVWHUQ�3URYLQFH��FRDVWDO�
DUHDV�RI �(DVW�6HSLN�3URYLQFH��HDVW�SDUW�RI �1HZ�
%ULWDLQ�,VODQG�DQG�1HZ�,UHODQG�,VODQG�
� 9HU\� OLWWOH� LV� NQRZQ� DERXW� WKH� KDELWDW�
GLVWULEXWLRQ�RI �)��SLPHQWHOLDQD�LQ�,QGRQHVLD�DV�VWXG\�
H[DPLQLQJ�WKLV�VSHFLHV�LV�YHU\�VFDUFH��5HFHQW�VWXG\�
FRQGXFWHG� E\� 3XUQDZDWL� HW� DO�� ������� DQG�
3XUQDZDWL� ������� UHSRUWHG� WKDW� WKH� VSHFLHV�ZDV�
REVHUYHG� LQ� 7HOXN� &HQGUDZDVLK� 1DWLRQDO� 3DUN��
7HOXN� :RQGDPD� 5HJHQF\�� ZKLFK� ZDV� DOVR�
LQFOXGHG�DV�D�VXLWDEOH�KDELWDW�LQ�WKH�SUHVHQW�PRGHO�
SUHGLFWLRQ�� )XUWKHU� VXUYH\V� LQ� RWKHU� SUHGLFWHG�
GLVWULEXWLRQ� DUHDV� RI � WKH� SODQW� DUH� QHHGHG� WR�
YDOLGDWH�WKH�SUHGLFWLRQ�RI �WKH�SUHVHQW�VWXG\�
� )RU�3DSXD�1HZ�*XLQHD��VRPH�RI �WKH�SUHGLFWHG�
DUHDV�DJUHH�ZLWK�DUHDV�PHQWLRQHG�LQ�WKH�VSHFLPHQ�
UHFRUGV� RI � )�� SLPHQWHOLDQD� KHOG� E\� WKH� 5R\DO�
%RWDQLF� *DUGHQ� RI � 6\GQH\� �KWWS���SODQWQHW��
UEJV\G�QVZ�JRY�DX��� 7KHVH� DUHDV� LQFOXGHG� PDQ\�
ORFDOLWLHV� LQ� 0RUREH� 3URYLQFH� �PRUH� WKDQ� ���
UHFRUGV���(LORJR� LQ�&HQWUDO�3URYLQFH��%HZDQL� LQ�
:HVW� 6HSLN� 3URYLQFH��0RXQW�2EUHH� DQG� 7RPD�
9LOODJH� LQ�1RUWKHUQ�3URYLQFH��0RXQW�.LONHUUDQ�
DQG�5DEDUDED�LQ�0LOQH�%D\�3URYLQFH�DQG�*RURNR�
DQG� $L\XUD� LQ� (DVWHUQ� +LJKODQGV� 3URYLQFH��
)XUWKHU� VXUYH\V� DUH� UHTXLUHG� LQ�RWKHU�SUHGLFWHG�

DUHDV�WR�YDOLGDWH�WKH�PRGHO�SUHGLFWLRQ��HVSHFLDOO\�
LQ�:HVWHUQ�3URYLQFH�ZKHUH�VSHFLPHQ�UHFRUG�RI � � � � �
)��SLPHQWHOLDQD�LV�DEVHQW��,Q�DGGLWLRQ��QHZ�VXUYH\V�
LQ� SUHYLRXVO\� NQRZQ� DUHDV� DUH� DOVR� FRQVLGHUHG�
QHFHVVDU\� DV� PRVW� RI � WKH� UHFRUGV� PHQWLRQHG�
DERYH�DUH�YHU\�ROG��VRPH�UHFRUGV�DUH�GDWHG�EDFN�WR�
������
� 3URWHFWHG�DUHDV�DUH�RQH�RI �WKH�PRVW�LPSRUWDQW�
WRROV�LQ�SODQW�FRQVHUYDWLRQ��,Q�WKH�SUHVHQW�VWXG\��
PRVW� RI � WKH� SUHGLFWHG� VXLWDEOH� KDELWDWV� RI �
)�� SLPHQWHOLDQD�ZHUH� ORFDWHG� RXWVLGH� WKH� H[LVWLQJ�
SURWHFWHG� DUHDV� �)LJ�� ���� 2QO\� ��������� NP �

�

��������RI �WKHVH�KDELWDWV�ZHUH�FXUUHQWO\�FRYHUHG�
E\�WHUUHVWULDO�SURWHFWHG�DUHDV�LQ�,QGRQHVLDQ�3DSXD�
DQG�3DSXD�1HZ�*XLQHD��$V�FDQ�EH�VHHQ�LQ�)LJXUH�
���SURWHFWHG�DUHDV�ZLWK�KLJK�FRYHUDJH�RI �SUHGLFWHG�
VXLWDEOH� KDELWDWV� IRU� � DUH� PRVWO\�)�� SLPHQWHOLDQD
IRXQG� LQ� ,QGRQHVLD�� LQFOXGLQJ� 7DPEUDXZ�
0RXQWDLQ� 1DWXUH� 5HVHUYH�� /RUHQ]W� 1DWLRQDO�
3DUN��-D\DZLMD\D�1DWXUH�5HVHUYH��(QDURWDOL�1DWXUH�
5HVHUYH�DQG�.XPDZD�0RXQWDLQ�1DWXUH�5HVHUYH��
7R�SURWHFW�DQG�FRQVHUYH� ��H[SDQVLRQ�)��SLPHQWHOLDQD
RI �H[LVWLQJ�SURWHFWHG�DUHDV�RU�HVWDEOLVKLQJ�WKH�QHZ�
RQH� LV�QHFHVVDU\� WR�FRYHU� WKH�SUHGLFWHG�VXLWDEOH�
DUHDV�DV�PXFK�DV�SRVVLEOH��7KLV�DFWLRQ�LV�HVSHFLDOO\�
QHHGHG�LQ�3DSXD�1HZ�*XLQHD�ZKHUH�RQO\�VPDOO�
SHUFHQWDJH� RI � WKH� SUHGLFWHG� VXLWDEOH� KDELWDWV� LV�
FRYHUHG�E\�WKH�H[LVWLQJ�SURWHFWHG�DUHDV�
� $OWKRXJK�WKH�SUHVHQW�VWXG\�ZDV�DEOH�WR�SUHGLFW�
VXLWDEOH� KDELWDWV� RI � � ZLWK� KLJK�)�� SLPHQWHOLDQD
VXFFHVV� UDWH�� FDUH� VKRXOG� EH� WDNHQ� ZKHQ�
LPSOHPHQWLQJ� WKH� UHVXOWV� LQ� WKH� ILHOG�EDVHG�
FRQVHUYDWLRQ�SURJUDPV��6LQFH�0D[(QW�HVWLPDWHV�
WKH�IXQGDPHQWDO�QLFKH�RI �D�VSHFLHV��WKH�SUHGLFWHG�
GLVWULEXWLRQ� SUHVHQWHG� LQ� WKLV� VWXG\� PLJKW� EH

��
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)LJXUH��� 3UHGLFWHG�SRWHQWLDO�GLVWULEXWLRQ�RI � �)OLQGHUVLD�SLPHQWHOLDQD�IRU�FXUUHQW��������DQG�IXWXUH�FOLPDWH�FRQGLWLRQV�������
DQG� ������ XQGHU� 5&3���� DQG� 5&3����� )XWXUH� KDELWDW� SUHGLFWLRQV� ZHUH� REWDLQHG� E\� DYHUDJLQJ� UHVXOWV� IURP�
+DG*(0��(6�DQG�0,52&�(60�IXWXUH�FOLPDWH�PRGHOV



RYHUHVWLPDWHG� �3HDUVRQ� ������� 7KH�PRGHO� GRHV�

QRW� FRQVLGHU� RWKHU� IDFWRUV� LQIOXHQFLQJ� WKH�

GLVWULEXWLRQ� RI � SODQW� VSHFLHV� VXFK� DV� GLVSHUVDO�

SURFHVV�� DQWKURSRJHQLF� LQIOXHQFHV�� ELRWLF�

LQWHUDFWLRQV�RU�JHRJUDSKLF�EDUULHUV��3HDUVRQ�������

6REHUyQ�������

3UHGLFWLRQ�RI �)XWXUH�'LVWULEXWLRQ

� )XWXUH�GLVWULEXWLRQ�RI �)��SLPHQWHOLDQD�SUHGLFWHG�
E\� +DG*(0��(6� DQG� 0,52&�(60� PRGHO�
JHQHUDOO\� KDG� ORZ� DJUHHPHQW� LQ� 3DSXD� 1HZ�
*XLQHD�FRPSDUHG� WR� WKDW� LQ� ,QGRQHVLDQ�3DSXD��
6WDQGDUG�GHYLDWLRQ�EHWZHHQ�WKH�WZR�PRGHOV�ZDV�

��

)LJXUH���&XUUHQW��������SRWHQWLDO�GLVWULEXWLRQ�RI �)OLQGHUVLD�SLPHQWHOLDQD�DQG�H[LVWLQJ�SURWHFWHG�DUHDV�LQ�3DSXD�DQG�3DSXD�1HZ�
*XLQHD�DFFRUGLQJ�WR�:RUOG�'DWDEDVH�RQ�3URWHFWHG�$UHDV��:'3$��KWWS���ZZZ�SURWHFWHGSODQHW�QHW��

)LJXUH��� 6WDQGDUG� GHYLDWLRQ� RI � SUHGLFWHG� SUREDELOLWLHV� RI � )OLQGHUVLD� SLPHQWHOLDQD� RFFXUUHQFH� IURP� +DG*(0��(6� DQG�
0,52&�(60�IXWXUH�FOLPDWH�PRGHOV��%ODFN�GRWV�DUH�RFFXUUHQFH�GDWD�XVHG�LQ�PRGHOLQJ

,PSDFW�RI �FOLPDWH�FKDQJH�RQ�)OLQGHUVLD�SLPHQWHOLDQD�²�5RELDQV\DK



KLJKHU�LQ�3DSXD�1HZ�*XLQHD��HVSHFLDOO\�LQ�UHJLRQV�
ZKHUH� QR� VDPSOH� GDWD� ZHUH� UHFRUGHG� �)LJ�� ����
%DVHG� RQ� WKH� DYHUDJH� YDOXH� RI � WKH�PRGHOV�� WKH�
VXLWDEOH�KDELWDW�IRU�)��SLPHQWHOLDQD�ZDV�SUHGLFWHG�WR�
GHFOLQH�E\����IRU�5&3����DQG����IRU�5&3����LQ�
WKH�\HDU�������7KH�VXLWDEOH�KDELWDW�JDLQV�IRU�WKH�
WZR�5&3V�ZHUH����DQG������UHVSHFWLYHO\��+HQFH��
WKH�SHUFHQWDJH�WXUQRYHU�LQ������ZDV�HVWLPDWHG�WR�
EH� ���� DQG� ���� IRU� 5&3���� DQG� 5&3�����
UHVSHFWLYHO\��7DEOH����
� )RU�������WKH�VXLWDEOH�KDELWDW�IRU�WKH�VSHFLHV�
ZDV�SUHGLFWHG�WR�GHFOLQH�E\����IRU�ERWK�5&3����
DQG�5&3�����ZKHUHDV�WKH�KDELWDW�JDLQV�ZHUH����
DQG� ���� UHVSHFWLYHO\��7KHUHIRUH�� WKH�SHUFHQWDJH�
WXUQRYHU� LQ� �����ZDV� HVWLPDWHG� WR� EH� ���� IRU�
5&3���� DQG� ���� IRU� 5&3���� �7DEOH� ����8QGHU�
5&3�����WKH�VSHFLHV�ZDV�SUHGLFWHG�WR�JDLQ�VXLWDEOH�
KDELWDWV� LQ� 6RXWKHUQ� DQG�:HVWHUQ�+LJKODQG� RI �
3DSXD� 1HZ� *XLQHD� LQ� ������ 7KLV� JDLQ� ZDV�
UHODWLYHO\� VWDEOH� DQG� VWLOO� FRXOG� EH� REVHUYHG� LQ�
������+LJKHU�VXLWDEOH�KDELWDW�JDLQ�ZDV�REVHUYHG�
XQGHU�5&3���� LQ�������7KLV�JDLQ��KRZHYHU��ZDV�
QRW�VWDEOH�DQG�JUHDWO\�GHFUHDVHG�LQ�������)LJ������,Q�
FRQWUDVW�� WKH� VXLWDEOH� KDELWDW� DORQJ� -D\DZLMD\D�
0RXQWDLQV��FRDVWDO�DUHD�RI �0HUDXNH�5HJHQF\�DQG�
(DVW�6HSLN�3URYLQFH��DQG�WKH�PRVW�HDVW�RI �2ZHQ�
6WDQOH\� 5DQJH� LQ� 3DSXD� 1HZ� *XLQHD� ZHUH�
SUHGLFWHG� WR� GLVDSSHDU� LQ� ������ 7KHVH� KDELWDW�
ORVVHV�ZHUH�VLPLODU�IRU�ERWK�5&3V�DQG�UHODWLYHO\�
VWDEOH�XQWLO�������)LJ�����
� 6LQFH� WKH� VSHFLHV�KDG� WXUQRYHU� UDWH�RI �PRUH�
WKDQ� ����� PDMRU� VKLIW� LQ� GLVWULEXWLRQ� ZDV�
SUHGLFWHG�WR�RFFXU� LQ�WKH�IXWXUH�IRU�ERWK�5&3V��
:KLOH� VRPH� RI � SUHGLFWHG� VXLWDEOH� KDELWDWV� LQ�
VRXWKHUQ� FRDVWDO � UHJLRQV� GLVDSSHDUHG� �
PRXQWDLQRXV� DUHDV� ORFDWHG� LQ� WKH� PLGGOH� RI �
3DSXD� 1HZ� *XLQHD� ZHUH� SUHGLFWHG� WR� EHFRPH�
VXLWDEOH� KDELWDWV� IRU�)�� SLPHQWHOLDQD� LQ� ����� DQG�
������ &KDQJHV� LQ� WLPLQJ� DQG� VHDVRQDOLW\� RI �
UDLQIDOO� LQ� WKH� IXWXUH� PD\� EH� UHVSRQVLEOH� IRU�
WKLV� UDQJH� VKLIW�� $XVWUDOLDQ� %XUHDX� RI �

0HWHRURORJ\� DQG� &6,52� ������� SUHGLFWHG�
UDLQIDOO� SDWWHUQ� FKDQJH� LQ� 3DSXD� 1HZ� *XLQHD�
ZLWK� PRUH� WKDQ� ���� LQFUHDVH� LQ� DQQXDO� DQG�
VHDVRQDO� UDLQIDOO� E\� ������ 7KLV� UDQJH� VKLIW� RI �
JHRJUDSKLF�GLVWULEXWLRQ�WRZDUGV�KLJKHU�HOHYDWLRQ�
LV�DOVR�REVHUYHG�LQ�PDQ\�WHUUHVWULDO�RUJDQLVPV�DQG�
LV� FRPPRQO\� OLQNHG� WR� LQFUHDVHG� JURZWK� DQG�
GLVSHUVDO�VXFFHVV�GXH�WR�ZDUPHU�FOLPDWH��&KHQ�HW�
DO�� ������� $OWKRXJK� WKH� WHPSHUDWXUH� ZDV�
SUHGLFWHG�WR�LQFUHDVH�DW�������&�SHU�GHFDGH�RYHU�
3DSXD� 1HZ� *XLQHD� �$XVWUDOLDQ� %XUHDX� RI �
0HWHRURORJ\�DQG�&6,52�������DQG�LQ�WKH�UDQJH�
RI ������������&�SHU�GHFDGH�RYHU�,QGRQHVLDQ�3DSXD�
�%RHU�	�)DTLK��������WKH�SUHVHQW�VWXG\��KRZHYHU��
ZDV� XQDEOH� WR� GHWHFW� WKLV� FRUUHODWLRQ� DV� DOO�
WHPSHUDWXUH�UHODWHG�YDULDEOHV�KDG� OLWWOH� HIIHFW� WR�
WKH�PRGHO�����

&21&/86,216

� ,W�LV�OLNHO\�WKDW�)��SLPHQWHOLDQD�ZLOO�EHQHILW�IURP�
FOLPDWH� FKDQJH�� DV� HQYLURQPHQWDOO\� VXLWDEOH�
UDQJHV�IRU�WKLV�VSHFLHV�DUH�SURMHFWHG�WR�LQFUHDVH�E\�
�����DQG�������7KH�SUHVHQW�VWXG\�SUHGLFWHG�PDMRU�
UDQJH� VKLIW� RI � JHRJUDSKLF� GLVWULEXWLRQ� IRU� WKH�
VSHFLHV� WRZDUGV� KLJKHU� HOHYDWLRQ�� 7KH� QHZO\�
VXLWDEOH� KDELWDWV� ZHUH� SUHGLFWHG� WR� EH� IRXQG�
PDLQO\� LQ� 6RXWKHUQ� DQG� :HVWHUQ� +LJKODQG� RI �
3DSXD�1HZ�*XLQHD��7KHVH�DUH�WKH�DUHDV�ZKHUH�WKH�
SURWHFWLRQ� RI � WKH� VSHFLHV� PLJKW� EH� WKH� PRVW�
IHDVLEOH� DQG� FRVW�HIIHFWLYH� LQ� WKH� IXWXUH�� 7KXV��
SURWHFWLRQ�RI �WKHVH�DUHDV�IURP�KDELWDW�GHVWUXFWLRQ�
DQG�ODQG�XVH�FKDQJHV�LV�QHHGHG�WR�PDNH�VXUH�WKDW�
)�� SLPHQWHOLDQD� FDQ� DGDSW� WR� WKH� FOLPDWH� FKDQJH��
)XUWKHU�ILHOG�VXUYH\V�DUH�UHTXLUHG�WR�YDOLGDWH�WKH�
SUHGLFWLRQ�RI �WKH�SUHVHQW�VWXG\��)XUWKHUPRUH��LW�LV�
UHFRPPHQGHG� WR� REWDLQ� DGGLWLRQDO� RFFXUUHQFH�
GDWD�DQG�LQFOXGH�RWKHU�LPSRUWDQW�SUHGLFWRUV��H�J��
HGDSKLF� IDFWRUV�� WR� PLQLPL]H� XQFHUWDLQW\� LQ�
FOLPDWH�SURMHFWLRQV�
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7DEOH��� 3UHGLFWHG� JDLQ�� ORVV� DQG� WRWDO� VXLWDEOH� KDELWDWV�� DQG� WXUQRYHU� UDWH� RI �)OLQGHUVLD� SLPHQWHOLDQD� IRU� IXWXUH� FOLPDWH�
FRQGLWLRQV�������DQG�������XQGHU�UHSUHVHQWDWLYH�FRQFHQWUDWLRQ�SDWKZD\��5&3������DQG�5&3����

�� ���� ����

5&3��� 5&3��� 5&3��� 5&3���

6XLWDEOH��NP��� ������� � ������� � ������� � ������� �

*DLQ��NP��� ������ � ������� � ������ � ������ �

/RVV��NP��� ������ � ������ � ������ � ������ �

7XUQRYHU���� �� �� �� ��



5()(5(1&(6

$QGHUVRQ�53��5D]D�$��������7KH�HIIHFW�RI �WKH�H[WHQW�RI �WKH�
VWXG\�UHJLRQ�RQ�*,6�PRGHOV�RI �VSHFLHV�JHRJUDSKLF�
GLVWULEXWLRQV� DQG� HVWLPDWHV� RI � QLFKH� HYROXWLRQ��
SUHOLPLQDU\� WHVWV� ZLWK� PRQWDQH� URGHQWV� �JHQXV�
1HSKHORP\V��LQ�9HQH]XHOD��-�%LRJHRJU������������

$XVWUDOLDQ� %XUHDX� RI � 0HWHRURORJ\�� &6,52�� ������
&OLPDWH� FKDQJH� LQ� WKH� 3DFLILF�� VFLHQWLILF�
DVVHVVPHQW� DQG� QHZ� UHVHDUFK�� 9ROXPH� ���
&RXQWU\� 5HSRUWV�� $YDLODEOH� IURP�� KWWS���ZZZ��
SDFLILFFOLPDWHFKDQJHVFLHQFH�RUJ�ZS�FRQWHQW��
XSORDGV���������3DSXD�1HZ�*XLQHD�SGI� ���
5HWULHYHG�RQ����$XJXVW������

%DOW]HU� -/��'DYLHV� 6-�� ������5DLQIDOO� VHDVRQDOLW\� DQG� SHVW�
SUHVVXUH� DV� GHWHUPLQDQWV� RI � WURSLFDO� WUHH� VSHFLHV
�
GLVWULEXWLRQV��(FRO�(YRO�����������²���

%DOW]HU�-/��'DYLHV�6-��%XQ\DYHMFKHZLQ�6��1RRU�160��������
7KH�UROH�RI �GHVLFFDWLRQ�WROHUDQFH�LQ�GHWHUPLQLQJ�WUHH�
VSHFLHV� GLVWULEXWLRQV� DORQJ� WKH� 0DOD\²7KDL�
3HQLQVXOD��)XQFW�(FRO�������²���

%DUEHW�0DVVLQ�0�� -LJXHW�)��$OEHUW�&+��7KXLOOHU�:��������
6HOHFWLQJ� SVHXGRDEVHQFHV� IRU� VSHFLHV� GLVWULEXWLRQ�
PRGHOV��KRZ�ZKHUH�DQG�KRZ�PDQ\"�0HWKRGV�(FRO�
(YRO������²���

%RHU�5��)DTLK�$��������&XUUHQW�DQG�IXWXUH�UDLQIDOO�YDULDELOLW\�
LQ� ,QGRQHVLD�� ,Q�� /DVFR� 5'�� %RHU� 5�� HGLWRUV�� $Q�
LQWHJUDWHG� DVVHVVPHQW� RI � FOLPDWH� FKDQJH� LPSDFWV��
DGDSWDWLRQ�DQG�YXOQHUDELOLW\�LQ�ZDWHUVKHG�DUHDV�DQG�
FRPPXQLWLHV�LQ�6RXWKHDVW�$VLD��5HSRUW�IURP�$,$&&�
3URMHFW�1R��$6����$QQH[�&��S����������:DVKLQJWRQ��
'LVWULFW� RI � &ROXPELD� �86��� ,QWHUQDWLRQDO� 67$57�
6HFUHWDULDW�

%RULD�5$��2OVRQ�/(��*RRGPDQ�60��$QGHUVRQ�5$��������
6SDWLDO�ILOWHULQJ�WR�UHGXFH�VDPSOLQJ�ELDV�FDQ�LPSURYH�
WKH�SHUIRUPDQFH�RI �HFRORJLFDO�QLFKH�PRGHOV��(FRO�
0RGHO����������

%UHQHV�$UJXHGDV�7��&ROH\�3'��.XUVD�7$��������3HVWV�YV��
GURXJKW�DV�GHWHUPLQDQWV�RI �SODQW�GLVWULEXWLRQ�DORQJ�
D�WURSLFDO�UDLQIDOO�JUDGLHQW��(FRORJ\�����������²���

%URZQ�-/��������6'0WRROER[��D�S\WKRQ�EDVHG�*,6�WRRONLW�
IRU� ODQGVFDSH� JHQHWLF�� ELRJHRJUDSKLF�� DQG� VSHFLHV�
GLVWULEXWLRQ� PRGHO� DQDO\VHV�� 0HWKRGV� (FRO� (YRO�
�������������

&KHQ�,&��+LOO�-.��2KOHP�OOHU�5��5R\�'%��7KRPDV�&'��������
5DSLG�UDQJH�VKLIWV�RI �VSHFLHV�DVVRFLDWHG�ZLWK�KLJK�
OHYHOV�RI �FOLPDWH�ZDUPLQJ��6FLHQFH������������

&RQQ�%-��'DPDV�.4��������*XLGH�WR�WUHHV�RI �3DSXD�1HZ�
*XLQHD��$YDLODEOH�IURP��KWWS���ZZZ�SQJSODQWV�RUJ��
31*WUHVV��5HWULHYHG�RQ����$XJXVW������

(GGRZHV�3-�������� ��7KH�,8&1�5HG�/LVW�)OLQGHUVLD�SLPHQWHOLDQD
RI �7KUHDWHQHG�6SHFLHV��9HUVLRQ��������� �$YDLODEOH�
IURP��ZZZ�LXFQUHGOLVW�RUJ�� �5HWULHYHG�RQ� ����$SULO�
�����

(OLWK� -��*UDKDP�&+��$QGHUVRQ�53��'XGLN�0�� )HUULHU� 6��
*XLVDQ�$��+LMPDQV�5-��+XHWWPDQQ�)��/HDWKZLFN�-5��

/HKPDQQ� $�� /L� -�� /RKPDQQ� /*�� /RLVHOOH� %$��
0DQLRQ�*��0RULW]�&��1DNDPXUD�0��1DND]DZD�<��
2YHUWRQ�-00��3HWHUVRQ�$7��3KLOOLSV�6-��5LFKDUGVRQ�
.�� 6FDFKHWWL�SHUHLUD� 5�� 6FKDSLUH� 5(�� 6REHUyQ� -��
:LOOLDPV� 6�� :LV]� 60�� =LPPHUPDQQ� 1(�� ������
1RYHO� PHWKRGV� LPSURYH� SUHGLFWLRQ� RI � VSHFLHV
�
GLVWULEXWLRQV� IURP� RFFXUUHQFH� GDWD�� (FRJUDSK\�
����������

(QJHOEUHFKW�%0-��&RPLWD�/6��&RQGLW�5��.XUVDU�7$��7\UHH�
07�� 7XUQHU� %/�� 6KXEEHOO� 63�� ������ 'URXJKW�
VHQVLWLYLW\� VKDSHV� VSHFLHV� GLVWULEXWLRQ� SDWWHUQV� LQ�
WURSLFDO�IRUHVWV��1DWXUH����������

)UDQNOLQ� -�� ������ 6SHFLHV� GLVWULEXWLRQ� PRGHOV� LQ�
FRQVHUYDWLRQ� ELRJHRJUDSK\�� GHYHORSPHQWV� DQG�
FKDOOHQJHV��'LYHUV�'LVWULE��������²���

*XLOOHUD�$UURLWD�*��/DKR]�0RQIRUW�--��(OLWK�-��*RUGRQ�$��
.XMDOD�+�� /HQWLQL� 3(��0F&DUWK\�0$�� 7LQJOH\� 5��
:LQWOH�%$��������,V�P\�VSHFLHV�GLVWULEXWLRQ�PRGHO�ILW�
IRU� SXUSRVH"� 0DWFKLQJ� GDWD� DQG� PRGHOV� WR�
DSSOLFDWLRQV��*OREDO�(FRO�%LRJHRJU�������²���

*XLVDQ�$��7LQJOH\�5��%DXPJDUWQHU�-%��1DXMRNDLWLV�/HZLV�,��
6XWFOLIIH� 35�� 7XOORFK� $,7�� 5HJDQ� 7-�� %URWRQV� /��
0F'RQDOG�0DGGHQ�(��0DQW\ND�3ULQJOH�&��0DUWLQ�
7*��5KRGHV�-5��0DJJLQL�5��6HWWHUILHOG�6$��(OLWK�-��
6FKZDUW]� 0:�� :LQWOH� %$�� %URHQQLPDQQ� 2��
$XVWLQ� 0�� )HUULHU� 6�� .HDUQH\� 05�� 3RVVLQJKDP�
+3�� %XFNOH\� <0�� ������ 3UHGLFWLQJ� VSHFLHV�
GLVWULEXWLRQV�IRU�FRQVHUYDWLRQ�GHFLVLRQV��(FRO�/HWW�
�������²���

+LMPDQV�5-��&DPHURQ� 6(�� 3DUUD� -/�� -RQHV�3*�� -DUYLV�$��
������ 9HU\� KLJK� UHVROXWLRQ� LQWHUSRODWHG� FOLPDWH�
VXUIDFHV�IRU�JOREDO�ODQG�DUHDV��,QW�-�&OLPDWRO���������
���

+LMPDQV�5-��������&URVV�YDOLGDWLRQ�RI �VSHFLHV�GLVWULEXWLRQ�
PRGHOV��UHPRYLQJ�VSDWLDO�VRUWLQJ�ELDV�DQG�FDOLEUDWLRQ�
ZLWK�D�QXOO�PRGHO��(FRORJ\�������²���

+X�-��+X�+��-LDQJ�=��������7KH�LPSDFWV�RI �FOLPDWH�FKDQJH�
RQ� WKH� ZLQWHULQJ� GLVWULEXWLRQ� RI � DQ� HQGDQJHUHG�
PLJUDWRU\�ELUG��2HFRORJLD������������

,3&&�>,QWHUJRYHUQPHQWDO�3DQHO�RQ�&OLPDWH�&KDQJH@���������
&OLPDWH� FKDQJH� ������ WKH� SK\VLFDO� VFLHQFH� EDVLV��
6WRFNHU�7)��4LQ�'��3ODWWQHU�*.��7LJQRU�0��$OOHQ�
6.�� %RVFKXQJ� -�� �� HGLWRUV�� &RQWULEXWLRQ� RI �HW� DO�
:RUNLQJ�*URXS�,�WR�WKH�)LIWK�$VVHVVPHQW�5HSRUW�RI �
WKH� ,QWHUJRYHUQPHQWDO� 3DQHO� RQ� &OLPDWH� &KDQJH��
&DPEULGJH� �8.��� &DPEULGJH� 8QLYHUVLW\� 3UHVV��
�����S�

/LX� &�� 1HZHOO� *�� :KLWH� 0�� ������ 2Q� WKH� VHOHFWLRQ� RI �
WKUHVKROGV� IRU� SUHGLFWLQJ� VSHFLHV� RFFXUUHQFH�ZLWK�
SUHVHQFH�RQO\�GDWD��(FRO�(YRO���������²���

/LX�&��:KLWH�0��1HZHOO�*��������6HOHFWLQJ�WKUHVKROGV�IRU�
WKH�SUHGLFWLRQ�RI �VSHFLHV�RFFXUUHQFH�ZLWK�SUHVHQFH�
RQO\�GDWD��-�%LRJHRJU����������²���

0HURZ�&��6PLWK�0-��6LODQGHU�-$��������$�SUDFWLFDO�JXLGH�WR�
0D[(QW�IRU�PRGHOLQJ�VSHFLHV
�GLVWULEXWLRQV��ZKDW�LW�
GRHV��DQG�ZK\�LQSXWV�DQG�VHWWLQJV�PDWWHU��(FRJUDSK\�
�������²���

��

,PSDFW�RI �FOLPDWH�FKDQJH�RQ�)OLQGHUVLD�SLPHQWHOLDQD�²�5RELDQV\DK



1L[�+$��������$�ELRJHRJUDSKLF�DQDO\VLV�RI �$XVWUDOLDQ�HODSLG�
VQDNHV�� ,Q�� /RQJPRUH� 5�� HGLWRU�� $WODV� RI � (ODSLG�
6QDNHV� RI � $XVWUDOLD�� $XVWUDOLDQ� )ORUD� DQG� )DXQD�
6HULHV� 1XPEHU� ��� &DQEHUUD� �$8��� $XVWUDOLDQ�
*RYHUQPHQW�3XEOLVKLQJ�6HUYLFH��S�������

3HDUVRQ� 5*�� ������ 6SHFLHV� GLVWULEXWLRQ� PRGHOLQJ� IRU�
FRQVHUYDWLRQ�HGXFDWRUV�DQG�SUDFWLWLRQHUV��6\QWKHVLV��
1HZ� <RUN� �86��� $PHULFDQ� 0XVHXP� RI � 1DWXUDO�
+LVWRU\�� $YDLODEOH� IURP�� KWWS���QFHS�DPQK�RUJ�� �
5HWULHYHG�RQ����1RYHPEHU������

3HWHUVRQ� $7�� 6REHUyQ� -�� 3HDUVRQ� 5*�� $QGHUVRQ� 53��
0DUWtQH]�0H\HU�(��1DNDPXUD�0��$UD~MR�0��������
(FRORJLFDO�QLFKHV�DQG�JHRJUDSKLF�GLVWULEXWLRQV��1HZ�
-HUVH\��86���3ULQFHWRQ�8QLYHUVLW\�3UHVV������S�

3KLOOLSV� 6-�� $QGHUVRQ� 53�� 6FKDSLUH� 5(�� ������0D[LPXP�
HQWURS\� PRGHOLQJ� RI � VSHFLHV� JHRJUDSKLF�
GLVWULEXWLRQV��(FRO�0RGHO��������²���

3XUQDZDWL� 5�� :DK\XGL� ,�� 3ULDGL� 7�� ������ $QDWRPLFDO�
SURSHUWLHV� RI � � )�� 0XHOO� IURP�)OLQGHUVLD� SLPHQWHOLDQD
:RQGDPD� %D\� :HVW� 3DSXD�� -XUQDO� ,OPX� GDQ�
7HNQRORJL�.D\X�7URSLV�������������

3XUQDZDWL� 5�� ������ %DVLF� DQG� SURFHVVLQJ� SURSHUWLHV� RI �
PDQLDQL�� �)��Y��0XHOO��ZRRG�IURP�)OLQGHUVLD�SLPHQWHOLDQD
:RQGDPD�%D\��:HVW�3DSXD��0DVWHU�7KHVLV��%RJRU�
�,'���%RJRU�$JULFXOWXUDO�8QLYHUVLW\�����S�

5DGRVDYOMHYLF�$��$QGHUVRQ�53��������0DNLQJ�EHWWHU�0D[HQW�
PRGHOV� RI � VSHFLHV� GLVWULEXWLRQV�� FRPSOH[LW\��
RYHUILWWLQJ�DQG�HYDOXDWLRQ��-�%LRJHRJU��������������

5LDKL� .�� 5DR� 6�� .UH\� 9�� &KR� &�� &KLUNRY� 9�� )LVFKHU� *��
.LQGHUPDQQ�*��1DNLFHQRYLF�1��5DIDM�3��������5&3�
����$� VFHQDULR� RI � FRPSDUDWLYHO\� KLJK� JUHHQKRXVH�
JDV�HPLVVLRQV��&OLP�&KDQJH�����������

5REHUWV�'5��+DPDQQ�$��������3UHGLFWLQJ�SRWHQWLDO�FOLPDWH�
FKDQJH�LPSDFWV�ZLWK�ELRFOLPDWH�HQYHORSH�PRGHOV��D�

SDODHRHFRORJLFDO�SHUVSHFWLYH��*ORE�(FRO�%LRJHRJU�
�������������

6FKXXU� ($*�� ������ 3URGXFWLYLW\� DQG� JOREDO� FOLPDWH�
UHYLVLWHG��WKH�VHQVLWLYLW\�RI �WURSLFDO�IRUHVW�JURZWK�WR�
SUHFLSLWDWLRQ��(FRORJ\�����������²���

6REHUyQ� -�� ������ *ULQQHOOLDQ� DQG� (OWRQLDQ� QLFKHV� DQG�
JHRJUDSKLF� GLVWULEXWLRQV� RI � VSHFLHV�� (FRO� /HWW�
�����������

7ROHGR�0��3HQD�&ODURV�0��%RQJHUV�)��$ODUFRQ�$��%DOFD]DU�-��
&KXYLQD� -�� /HDxR�&��/LFRQD� -&�� 3RRUWHU�/�� ������
'LVWULEXWLRQ�SDWWHUQV�RI �WURSLFDO�ZRRG\�VSHFLHV�LQ�
UHVSRQVH�WR�FOLPDWLF�DQG�HGDSKLF�JUDGLHQWV��-�(FRO�
�������²���

7ULVXUDW�<�� 6KUHVWKD� 53��.MHOJUHQ�5�� ������ 3ODQW� VSHFLHV�
YXOQHUDELOLW\� WR� FOLPDWH� FKDQJH� LQ� 3HQLQVXODU�
7KDLODQG��$SSO�*HRJU������������

9DQ�'HU�:DO�-��6KRR�/3��*UDKDP�&��:LOOLDPV�6(��������
6HOHFWLQJ� SVHXGR�DEVHQFH� GDWD� IRU� SUHVHQFH�
RQO\� GLVWULEXWLRQ� PRGHOLQJ�� KRZ� IDU� VKRXOG� \RX�
VWUD\� IURP� ZKDW� \RX� NQRZ"� (FRO� 0RGHO� �������
�������

9HOR]�6'�� ������ 6SDWLDOO\� DXWRFRUUHODWHG� VDPSOLQJ� IDOVHO\�
LQIODWHV� PHDVXUHV� RI � DFFXUDF\� IRU� SUHVHQFH�RQO\�
QLFKH�PRGHOV��-�%LRJHRJU��������²��

:DOFN� -/�� +LGD\DWL� 61�� 'L[RQ� .:�� 7KRPSVRQ� .��
3RVFKORG� 3�� ������ &OLPDWH� FKDQJH� DQG� SODQW�
UHJHQHUDWLRQ� IURP� VHHG�� *ORE� &KDQJH� %LRO�
�������²���

:LV]�06�� +LMPDQV� 5-�� /L� -�� 3HWHUVRQ� $7�� *UDKDP� &+��
*XLVDQ�$��1FHDV�3UHGLFWLQJ�6SHFLHV�'LVWULEXWLRQV�
:RUNLQJ�*URXS��������(IIHFWV�RI �VDPSOH�VL]H�RQ�WKH�
SHUIRUPDQFH�RI �VSHFLHV�GLVWULEXWLRQ�PRGHOV��'LYHUV�
'LVWULE�����������
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