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0LQJ�-HQ <DQJ�� %HQ -RQJ�'DR -RX�� 3D\�/LDP /LQ�� )DQJ�&KLQJ &KLHQ��
-HQ�+VLQ 7HQJ�� -LQJ�6KDQ +RQJ�� +XL�&KXDQ /LQ�� DQG -LP %UHVFK�

�&KLQHVH &XOWXUH 8QLYHUVLW\� 7DLZDQ
�1DWLRQDO 7DLZDQ 8QLYHUVLW\� 7DLZDQ
�1DWLRQDO &HQWUDO 8QLYHUVLW\� 7DLZDQ

�1DWLRQDO 7DLZDQ 1RUPDO 8QLYHUVLW\� 7DLZDQ
�&HQWUDO :HDWKHU %XUHDX� 7DLZDQ

�&LYLO $HURQDXWLFV $GPLQLVWUDWLRQ� 7DLZDQ
�1DWLRQDO &HQWHU IRU $WPRVSKHULF 5HVHDUFK� 86$
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7KH FRQFHSW RI HQVHPEOH IRUHFDVWLQJ ZDV ILUVW
LQLWLDWHG E\ /RUHQ] ������� ZKHUH KH H[DPLQHG WKH
LQLWLDO VWDWH XQFHUWDLQWLHV LQ WKH DWPRVSKHUH DQG
GLVFXVVHG WKH ZHOO�NQRZQ ³EXWWHUIO\´ RU FKDRV HIIHFW�
0XFK SURJUHVV KDV EHHQ PDGH LQ HQVHPEOH IRUHFDVWV
XVLQJ QXPHULFDO ZHDWKHU SUHGLFWLRQ �1:3� PRGHOV�
HVSHFLDOO\ IRU JOREDO 1:3 DSSOLFDWLRQ �.ULVKQDPXUWL
HW DO� ������ :LWK WKH LQFUHDVH RI FRPSXWDWLRQDO
SRZHU� QRZ LV WKH WLPH WR DWWHPSW WKH HQVHPEOH
IRUHFDVWLQJ RQ WKH PHVRVFDOH �.XR ������

:DQJ DQG 6HDPDQ ������ SHUIRUPHG D
FRPSDULVRQ VWXG\ RI IRXU FXPXOXV SDUDPHWHUL]DWLRQ
VFKHPHV �&36V�� WKH $QWKHV�.XR� %HWWV�0LOOHU� *UHOO�
DQG .DLQ�)ULWVFK VFKHPHV� XVLQJ WKH 3HQQ
6WDWH�1&$5 00� PRGHO� 3HUIRUPDQFH RI WKHVH
&36V ZDV H[DPLQHG XVLQJ VL[ SUHFLSLWDWLRQ HYHQWV
RYHU WKH FRQWLQHQWDO 8QLWHG 6WDWHV IRU ERWK FROG DQG
ZDUP VHDVRQV� 7KH\ IRXQG WKDW QR RQH &36 DOZD\V
RXWSHUIRUPHG WKH RWKHUV� 7KH JHQHUDO ��K
SUHFLSLWDWLRQ IRUHFDVW VNLOO IRU WKHVH VFKHPHV ZDV
IDLUO\ JRRG LQ SUHGLFWLQJ IRXU RXW RI VL[ FDVHV
H[DPLQHG LQ WKH VWXG\� HYHQ IRU KLJKHU WKUHVKROG�
7KH IRUHFDVW VNLOO ZDV JHQHUDOO\ KLJKHU IRU
FROG�VHDVRQ HYHQWV WKDQ IRU ZDUP�VHDVRQ HYHQWV�
7KHUH ZDV DQ LQFUHDVH LQ WKH IRUHFDVW VNLOO ZLWK WKH
LQFUHDVH RI KRUL]RQWDO UHVROXWLRQ� DQG WKH JDLQ ZDV
PRVW REYLRXV LQ SUHGLFWLQJ KHDYLHU UDLQIDOO DPRXQWV�
7KH PRGHO¶V SUHFLSLWDWLRQ VNLOO LV EHWWHU LQ UDLQIDOO
YROXPH WKDQ LQ HLWKHU WKH DUHD FRYHUDJH RU WKH SHDN
DPRXQW�

'X HW DO� ������ H[DPLQHG WKH XQFHUWDLQLWLHV RI
LQLWLDO FRQGLWLRQ DQG FXPXOXV SDUDPHWHUL]DWLRQ RQ
TXDQWLWDWLYH SUHFLSLWDWLRQ IRUHFDVWV �43)V� IRU D
F\FORJHQHVLV FDVH LQ WKH 8QLWHG 6WDWHV XVLQJ WKH 3HQQ
6WDWH�1&$5 00� PRGHO� (QVHPEOH 43) KDG ODUJH
VHQVLWLYLW\ WR LQLWLDO FRQGLWLRQ XQFHUWDLQLWLHV� (QVHPEOH
DYHUDJLQJ UHGXFHG WKH URRW�PHDQ�VTXDUH HUURU IRU 43)
DQG QHDUO\ ��� RI 43) LPSURYHPHQW ZDV REWDLQHG
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
&RUUHVSRQGLQJ DXWKRU DGGUHVV� 'U� 0LQ�-HQ <DQJ�
'HSW� RI $WPRVSKHULF 6FLHQFHV� &KLQHVH &XOWXUH
8QLYHUVLW\� �� +ZD .DQJ 5RDG� <DQJ 0LQJ 6KDQ�
7DLSHL� 7DLZDQ� ���� 52&� (PDLO�
PLQJMHQ#WZLVWHU�DWPRV�SFFX�HGX�WZ

XVLQJ HQVHPEOH VL]HV DV VPDOO DV ����� )XUWKHU
VHQVLWLYLW\ H[SHULPHQWV VKRZHG WKDW WKH 43)
LPSURYHPHQW E\ HQVHPEOH IRUHFDVWLQJ H[FHHGHG WKH
LPSURYHPHQW E\ GRXEOLQJ KRUL]RQWDO UHVROXWLRQ�

0XOOHQ HW DO� ������ LQYHVWLJDWHG WKH LPSDFW RI
GLIIHUHQFHV LQ DQDO\VLV�IRUHFDVW V\VWHPV RQ GLVSHUVLRQ
RI DQ HQVHPEOH IRUHFDVW IRU D F\FORJHQHVLV FDVH�
(UURU JURZWK E\ LQLWLDO FRQGLWLRQ XQFHUWDLQLWLHV
VLJQLILFDQWO\ GHSHQGHG RQ WKH DQDO\VLV�IRUHFDVW V\VWHP�
43)V DQG SUREDELOLVWLF 43)V ZHUH H[WUHPHO\ VHQVLWLYH
WR WKH FKRLFH RI SUHFLSLWDWLRQ SDUDPHWHUL]DWLRQ LQ WKH
PRGHO� VLPLODU WR WKH ILQGLQJV RI <DQJ HW DO� ������ IRU
D 0HL�<X IURQWDO SUHFLSLWDWLRQ HYHQW� 7KHUHIRUH� WKH
FRPELQHG HIIHFW RI XQFHUWDLQWLHV LQ SUHFLSLWDWLRQ
SK\VLFV DQG WKH LQLWLDO FRQGLWLRQV SURYLGHV D PHDQV WR
LQFUHDVH WKH GLVSHUVLRQ RI 43) HQVHPEOH IRUHFDVW
V\VWHP�
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%DVHG RQ WKH FRQFHSW RI HQVHPEOH IRUHFDVWLQJ
GLVFXVVHG LQ WKH LQWURGXFWLRQ� VFLHQWLVWV DW VHYHUDO
XQLYHUVLWLHV DQG RSHUDWLRQDO FHQWHUV LQ 7DLZDQ MRLQWHG
WRJHWKHU WR FRQGXFW WKH (QVHPEOH )RUHFDVW
([SHULPHQW GXULQJ WKH 0HL�<X VHDVRQ �0D\ DQG -XQH�
LQ <HDU ���� DQG ����� 7KH SDUWLFLSDWLQJ VLWHV LQ
7DLZDQ LQFOXGHG 1DWLRQDO 7DLZDQ 8QLYHUVLW\ �178��
1DWLRQDO &HQWUDO 8QLYHUVLW\ �1&8�� 1DWLRQDO 7DLZDQ
1RUPDO 8QLYHUVLW\ �1718�� &KLQHVH &XOWXUH
8QLYHUVLW\ �&&8�� &HQWUDO :HDWKHU %XUHDX �&:%��
DQG &LYLO $HURQDXWLFV $GPLQLVWUDWLRQ �&$$�� (DFK
VLWH XVHG WKH 3HQQ 6WDWH�1&$5 00� �*UHOO HW DO�
����� 9HUVLRQ ��� DV D FRPPRQ PRGHO ZLWK GLIIHUHQW
SUHFLSLWDWLRQ �FXPXOXV DQG PLFURSK\VLFV�
SDUDPHWHUL]DWLRQV DW GLIIHUHQW LQVWLWXWH� 7DEOH � OLVWV
WKH SK\VLFV VFKHPHV XVHG LQ WKH 00� HQVHPEOH
H[SHULPHQW� ,Q <HDU ����� 'U� -LP %UHVFK DW 1&$5
MRLQHG WKH (QVHPEOH )RUHFDVW ([SHULPHQW DQG
FRQGXFWHG DGGLWLRQDO IRXU 00� UXQV �6HW % LQ 7DEOH ��
LQ RUGHU WR LQFUHDVH WKH HQVHPEOH VSUHDG DQG WHVW QHZ
SK\VLFV VFKHPHV�

7KH PRGHO FRQILJXUDWLRQ IRU WKH 00� HQVHPEOH
IRUHFDVW H[SHULPHQW LQFOXGHV D FRDUVH PHVK RI ���NP
JULG VL]H DQG D ILQH PHVK RI ���NP JULG VL]H�

'RPDLQ VL]H LV ��Ø�� IRU FRDUVH PHVK DQG ��Ø��
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IRU ILQH PHVK� ZLWK �� σ OHYHOV LQ WKH YHUWLFDO� (DFK
00� UXQ LV �� KRXUV� 7KH LQLWLDO FRQGLWLRQ IRU
00� HQVHPEOH LV SURYLGHG E\ WKH DQDO\VLV ILHOG RI WKH
&HQWUDO :HDWKHU %XUHDX *OREDO )RUHFDVW 6\VWHP
�&:%*)6� /LRX HW DO� ����� DV WKH ILUVW�JXHVV ILHOG
DQG WKH ERXQGDU\ FRQGLWLRQ LV SURYLGHG E\ WKH
&:%*)6 IRUHFDVW ILHOG WKURXJK WKH ³UHJULG´ SDFNDJH�
6XUIDFH REVHUYDWLRQV DQG VRXQGLQJ GDWD DUH LQFOXGHG
E\ REMHFWLYH DQDO\VLV WR LPSURYH WKH ILUVW�JXHVV ILHOG
WKURXJK WKH ³OLWWOH�U´ SDFNDJH�

'XULQJ WKH 0HL�<X VHDVQ �0D\ DQG -XQH�� 0LVV
+XL�&KXDQ /LQ DW &$$ SXW WKH LQLWLDO�FRQGLWLRQ DQG
ERXQGDU\�FRQGLWLRQ ILOHV IRU WKH 00� HQVHPEOH UXQV
DW D FRPPRQ IWS VLWH �SURYLGHG E\ &:%� WZLFH D GD\
��� 87& DQG �� 87&�� (DFK SDUWLFLSDWLQJ VLWH FDPH
WR WKLV IWS VLWH WR REWDLQ ILOHV IRU WKH 00� HQVHPEOH
UXQ� %HFDXVH RI WKH QDUURZ EDQGZLGWK RI 7DLZDQ¶V
HGXFDWLRQDO QHWZRUN� HDFK SDUWLFLSDWLQJ VLWH RQO\ IWSHG
WKH GLJLWDO ��KRXUO\ UDLQIDOO IRUHFDVW RI ���NP 00�
UXQ EDFN WR &:%� 'U� -HQ�+VLQ 7HQJ DW &:% WKHQ
SURGXFHG HQVHPEOH UDLQIDOO IRUHFDVWV WR EH XVHG E\
IRUHFDVWHUV WR DVVLVW &:%¶V LVVXLQJ RI KHDY\ UDLQIDOO
ZDUQLQJV LQ WKH 0HL�<X VHDVRQ�
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,Q RUGHU WR YHULI\ WKH SUHFLSLWDWLRQ IRUHFDVW� ZH
ILUVW XWLOL]HG WKH REMHFWLYH DQDO\VLV WHFKQLTXH RI
&UHVVPDQ ������ WR LQWHUSRODWH WKH REVHUYHG UDLQIDOO
GDWD UHFRUGHG E\ LVODQGZLGH ��� UDLQJDXJH VWDWLRQV LQ
7DLZDQ WR WKH ��� JULG SRLQWV RQ WKH ���NP 00� JULG
�)LJ� ��� 7KH LQIOXHQFH UDGLXV RI �� NP DURXQG D
JULG SRLQW ZDV WDNHQ WR SHUIRUP LQWHUSRODWLRQ� EDVHG
RQ WKH VPDOO�VFDOH QDWXUH RI SUHFLSLWDWLRQ SKHQRPHQRQ
DQG WKH JULG VL]H ��� NP� RI WKH 00� ILQH PHVK�
7KHQ WKH WKUHDW VFRUH ZDV FDOFXODWHG IRU WKH ��� JULG
SRLQWV LQ 7DLZDQ RQ WKH ���NP 00� JULG E\
FRPSDULQJ WKH IRUHFDVWHG UDLQIDOO E\ HDFK 00�
HQVHPEOH PHPEHU ZLWK WKH ³REVHUYHG´ UDLQIDOO DIWHU
REMHFWLYH DQDO\VLV�

)LJXUH �D VKRZV WKH WKUHDW VFRUH IRU WKH ����� K
IRUHFDVW IRU DOO � PHPEHUV RI 00� HQVHPEOH UXQV
GXULQJ WKH ���� 0HL�<X VHDVRQ ��� 0D\ WR �� -XQH
������ ,W LQFOXGHG WKH 00� UXQV ZLWK ERWK WKH ��
87& LQLWLDOL]DWLRQV DQG �� 87& LQLWLDOL]DWLRQV� ,Q
WKH ILJXUH� WKH ³HQVHPEOH�PHDQ IRUHFDVW´ �³$YHUDJH´
FXUYH� ZDV GRQH E\ VLPSO\ DYHUDJLQJ WKH UDLQIDOO
IRUHFDVWV RI � 00� HQVHPEOH PHPEHUV� 7KH WKUHDW
VFRUH GHFUHDVHG ZLWK WKH LQFUHDVH RI SUHFLSLWDWLRQ
WKUHVKROG� FRQVLVWHQW ZLWK 2OVRQ HW DO� ������� &KLHQ HW
DO� ������ DQG RWKHUV� ,W LV YHU\ FOHDU IURP )LJ� �D
WKDW WKH HQVHPEOH�PHDQ IRUHFDVW DOZD\V
RXW�SHUIRUPHG LQGLYLGXDO IRUHFDVW LQ DOO SUHFLSLWDWLRQ
WKUHVKROGV� )RU WKH ORZHVW WKUHVKROG ����� PP�� WKH
WKUHDW VFRUH RI HQVHPEOH�PHDQ IRUHFDVW �$YHUDJH� KDG
WKH KLJKHVW VFRUH RI ���� DQG WKH ORZHVW VFRUH RI
HQVHPEOH PHPEHU �1718� ZDV ����� ,Q RWKHU
ZRUGV� WKH HQVHPEOH IRUHFDVW WHFKQLTXH LPSURYHG WKH
UDLQIDOO IRUHFDVW IRU ORZHVW WKUHVKROG �L�H�� WKH
SRVVLELOLW\ IRU UDLQIDOO RFFXUUHQFH� DV PXFK DV ����

)LJXUH �E LV WKH WKUHDW VFRUH IRU WKH ����� K IRUHFDVW
IRU DOO � 00� HQVHPEOH PHPEHUV GXULQJ WKH ����
0HL�<X VHDVRQ� 6LPLODUO\� WKH HQVHPEOH�PHDQ
IRUHFDVW DSSDUHQWO\ RXW�SHUIRUPHG LQGLYLGXDO IRUHFDVW
DQG WKLV LPSURYHPHQW SHUVLVWHG LQ DOO SUHFLSLWDWLRQ
WKUHVKROGV�

)LQDOO\� WKH IRUHFDVWV RI 1:3 PRGHOV KDYH
LQKHUHQW OLPLWDWLRQ GXH WR WKH XQFHUWDLQWLHV RI LQLWLDO
FRQGLWLRQ DQG SK\VLFDO SDUDPHWHUL]DWLRQ� 7DLZDQ¶V
VWHHS PRXQWDLQ DQG ULFK ZHDWKHU SKHQRPHQD �0HL�<X
IURQW� W\SKRRQ� ZLQWHU�WLPH FROG IURQW� VXPPHU�WLPH
DIWHUQRRQ WKXQGHUVWRUP DQG ORFDO FLUFXODWLRQ� PDNH
WKH 1:3 OLPLWDWLRQ PRUH VHYHUH� ,Q RUGHU WR UHGXFH
WKH LPSDFW RI XQFHUWDLQWLHV RI LQLWLDO FRQGLWLRQ DQG
SK\VLFDO SDUDPHWHUL]DWLRQ RQ 1:3 SHUIRUPDQFH�
HQVHPEOH IRUHFDVWLQJ LV RQH ZD\ WR HQKDQFH WKH 1:3
YDOXH DQG H[WHQG LWV SUHGLFWDELOLW\�
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7KH DXWKRUV ZRXOG OLNH WR H[SUHVV DSSUHFLDWLRQ WR
WKH &HQWUDO :HDWKHU %XUHDX DQG WKH &LYLO $HURQDXWLFV
$GPLQLVWUDWLRQ IRU WKHLU VXSSRUWV RI WKH (QVHPEOH
)RUHFDVW ([SHULPHQW� 7KH VWXG\ LV VXSSRUWHG E\
1DWLRQDO 6FLHQFH &RXQFLO LQ 7DLZDQ XQGHU *UDQW 16&
��������0���������

5()(5(1&(6

&KLHQ� )� �&�� 0� �-� <DQJ� DQG <� �+� .XR� �����
3UHFLSLWDWLRQ IRUHFDVW RI WKH 00� LQ 7DLZDQ
DUHD GXULQJ WKH ���� 0HL�<X VHDVRQ� :HD�
)RUHFDVWLQJ� VXEPLWWHG�

&UHVVPDQ� *� 3�� ����� $Q RSHUDWLRQDO REMHFWLYH
DQDO\VLV V\VWHP� 0RQ� :HD� 5HY�� ��� ��������

'X� -�� 6� /� 0XOOHQ� DQG )� 6DQGHUV� �����
6KRUW�UDQJH HQVHPEOH IRUHFDVWLQJ RI
TXDQWLWDWLYH SUHFLSLWDWLRQ� 0RQ� :HD� 5HY�� ����
����������

*UHOO� *� $�� -� 'XGKLD� DQG '� 5� 6WDXIIHU� ����� $
GHVFULSWLRQ RI WKH ILIWK JHQHUDWLRQ 3HQQ
6WDWH�1&$5 PHVRVFDOH PRGHO �00��� 1&$5
7HFK 1RWH 1&$5�71�����675� ��� SS�

.XR� <��+�� ����� 0HVRVFDOH QXPHULFDO ZHDWKHU
SUHGLFWLRQ� 3UHSULQW� ,QWHUQDWLRQDO &RQI� RQ
0HVRVFDOH &RQYHFWLYH 6\VWHPV DQG +HDY\ 5DLQ
LQ (DVW $VLD� 6HRXO� .RUHD� ����

.ULVKQDPXUWL DQG FRDXWKRUV� ����� 0XOWL�PRGHO
VXSHUHQVHPEOH IRUHFDVWV IRU ZHDWKHU DQG
VHDVRQDO FOLPDWH� )ORULGD 6WDWH 8QLYHUVLW\�
7HFKQLFDO 5HSRUW� �����

/RUHQ]� (� 1�� ����� 'HWHUPLQLVWLF QRQ�SHULRGLF IORZ�
-� $WPRV� 6FL�� ��� ��������

/LRX� &��6� -��+� &KHQ� &��7� 7HUQJ� )��-� :DQJ� &��7�
)RQJ� 7� (� 5RVPRQG� +��&� .XR� &��+� 6KLDR�
DQG 0��'� &KHQJ� ����� 7KH VHFRQG JHQHUDWLRQ
JOREDO IRUHFDVW V\VWHP DW WKH &HQWUDO :HDWKHU
%XUHDX LQ 7DLZDQ� :HD� )RUHFDVWLQJ� ���
��������

0XOOHQ� 6� /�� -� 'X� DQG )� 6DQGHUV� ����� 7KH



GHSHQGHQFH RI HQVHPEOH GLVSHUVLRQ RQ
DQDO\VLV�IRUHFDVW V\VWHPV� ,PSOLFDWLRQV WR
VKRUW�UDQJH HQVHPEOH IRUHFDVWLQJ RI
SUHFLSLWDWLRQ� 0RQ� :HD� 5HY�� ���� ����������

2VORQ� '� $� 1� :� -XQNHU� DQG %� .RUW\� �����
(YDOXDWLRQ RI �� \HDUV RI TXDQWLWDWLYH
SUHFLSLWDWLRQ IRUHFDVWLQJ DW 10&� :HD�

)RUHFDVWLQJ� ��� ��������

:DQJ� :HL� DQG 1� /� 6HDPDQ� ����� $ FRPSDULVRQ
VWXG\ RI FRQYHFWLYH SDUDPHWHUL]DWLRQ VFKHPHV
LQ D PHVRVFDOH PRGHO� 0RQ� :HD� 5HY�� ����
��������

<DQJ� 0��-�� )��&� &KLHQ� DQG 0��'� &KHQJ� �����
3UHFLSLWDWLRQ SDUDPHWHUL]DWLRQV LQ D VLPXODWHG
0HL�<X IURQW� 7HUU�� $WPRV� DQG 2FHDQLF 6FL��
��� ��������

7DEOH �� 3K\VLFV VFKHPV RI 00� (QVHPEOH PHPEHUV RQ WKH ���NP����NP QHVWHG JULG�

6LWH &XPXOXV VFKHPH 0LFURSK\VLFV VFKHPH 3%/ VFKHPH

6HW $ ZLWK WKH ILUVW JXHVV IURP WKH &:% *OREDO 0RGHO

178 *UHOO 5HVLQHU � 05)
1&8 %HWWV�0LOOHU 5HVLQHU � 05)
1718 .DLQ�)ULWVFK 6LPSOH ,FH 05)
&&8 .DLQ�)ULWVFK *RGGDUG 05)
&:% $QWKHV�.XR 6LPSOH ,FH 05)
&$$ .DLQ�)ULWVFK 5HLVQHU � 05)

6HW % ZLWK WKH ILUVW JXHVV IURP WKH 1&(3 $91 *OREDO 0RGHO


1&$5� QHZ .DLQ�)ULWVFK 6FKXOW] 05)
1&$5� *UHOO 6FKXOW] 05)
1&$5� QHZ .DLQ�)ULWVFK 6FKXOW] (WD
1&$5� QHZ .DLQ�)ULWVFK 5HLVQHU � 05)


1RWH WKDW WKH 00� UXQV LQ 6HW % DUH SHUIRUPHG E\ 'U� -LP %UHVFK DW 1&$5�

)LJXUH �� 5DLQ JDXJH VWDWLRQV �VPDOO GRWV� DQG WKH ���NP 00� JULG SRLQWV �ELJ GRWV� RYHU WKH 7DLZDQ DUHD�



)LJXUH �� 7KUHDW VFRUHV RI WKH 00� (QVHPEOH )RUHFDVW GXULQJ WKH ���� 0HL�<X 6HDVRQ� �D� ����� K IRUHFDVW�
DQG �E� ����� K IRUHFDVW�

D� ����� K )RUHFDVW ����������������
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