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��� 1HZV�DQG�8SGDWHV 

.H\ZRUGV��'LVWULEXWLRQ��*DXU��+DELWDW�VXLWDELO�

LW\��/DUJH�KHUELYRUH��:LOGOLIH�PDQDJHPHQW 

$EVWUDFW 

*DXU� �%RV� JDXUXV�� OLVWHG� DV� YXOQHUDEOH� RQ� WKH�

,8&1�5HG�/LVW DQG�LV�DQ�HQGDQJHUHG�VSHFLHV�LQ�

7KDLODQG��RQH�RI� WKH�ZLOG�FDWWOH� WKDW�SOD\�D�FUX�

FLDO� UROH� LQ� IRUHVW� KDELWDWV�� 7KLV� UHVHDUFK� LV�

DLPHG�DW�SUHGLFWLQJ�JDXU¶V�VXLWDEOH�KDELWDW�ZLWKLQ�

7KDLODQG�� *DXU� RFFXUUHQFH� GDWD� ZHUH� REWDLQHG�

LQ� ����� E\� ILHOG� VXUYH\V� DQG� UHFRUGHG� JDXU�

VLJQV�RQ�ZLOGOLIH� WUDLOV��SDWURO� URXWHV��DQG�EXIIHU�

]RQHV� LQ�SURWHFWHG�DUHDV��7KH�PD[LPXP�HQWUR�

S\� ZDV� XVHG� WR� JHQHUDWH� D� KDELWDW� VXLWDELOLW\�

PRGHO��7KH�UHVXOWV�RI�WKH�JDXU�GLVWULEXWLRQ�UDQJH�

VKRZHG�WKDW�JDXU�RFFXUUHG�LQ����RI����WHUUHVWULDO�

IRUHVW� FRPSOH[HV� ZKLFK� PRVWO\� FRQQHFWHG� LQ�

ODUJH� SDWFK� GLVWULEXWLRQ� UDQJH�� 'HVSLWH� LWV� ZLGH�

GLVWULEXWLRQ�UDQJH��WKH�UHVXOW�RI�WKH�VXLWDEOH�DUHD�

LQGLFDWHG�WKDW�SRWHQWLDO�KDELWDW�UHPDLQV�LQ�VHYHQ�

IRUHVW� FRPSOH[HV��ZLWK�DQ�DUHD�RI�RQO\������RI�

WKH� PDLQODQG� IRXQG� WR� EH� VXLWDEOH� KDELWDW� IRU�

JDXU�� ������ RI� WKLV� VXLWDEOH� DUHD� LV� ORFDWHG� LQ�

VLGH�SURWHFWHG�DUHDV��ZKLOH� RQH�RI� ILYH� VXLWDEOH�

KDELWDWV� IHOO� RXWVLGH�SURWHFWHG�DUHDV�� HVSHFLDOO\�

LQ� VPDOO� IRUHVW� SDWFKHV� DQG� DJULFXOWXUDO� DUHDV��

7KH� UHVXOWV� RI� WKLV� VWXG\� DUH� LPSRUWDQW� GDWD� WR�

SURYLGH� JXLGHOLQHV� IRU� WKH� PDQDJHPHQW� DQG�

PDLQWHQDQFH�RI�JDXU�KDELWDW�LQ�7KDLODQG� 

,QWURGXFWLRQ 

*DXU� �%RV� JDXUXV�,� WKH� KHUELYRURXV� ZLOG� FDWWOH�

VSHFLHV��SOD\V�DQ�LPSRUWDQW�UROHV�LQ�WKH�TXDQWLW\�

FRQWURO� RI� SODQWV� LQ� WKH� HFRV\VWHP� DQG� DV� WKH�

PDLQ� SUH\� RI� ODUJH� FDUQLYRUHV� �.DUDQWK� 	� 6XQ�

TXLVW��������5RLQLQHQ�HW�DO����������$FFRUGLQJ�WR�

WKH�,8&1�5HG�/LVW��WKH�JDXU�LV�D�9XOQHUDEOH�VSH�

FLHV� DQG� LWV� SRSXODWLRQ� LV� GHFUHDVLQJ� LQ� VFDW�

WHUHG�DUHDV�DORQJ� WKH���� UDQJH�VWDWHV��%KXWDQ��

&DPERGLD�� &KLQD�� ,QGLD�� /DR� 3'5�� 0DOD\VLD��

0\DQPDU�� 1HSDO�� 7KDLODQG�� DQG� 9LHW� 1DP�

�'XFNZRUWK� HW� DO��� ������� 0HDQZKLOH�� WKH� VSH�

FLHV� LV� OLVWHG�DV�HQGDQJHUHG� LQ�7KDLODQG��2IILFH�

RI� 1DWXUDO� 5HVRXUFHV� DQG� (QYLURQPHQW� 3ROLF\�

DQG�3ODQQLQJ��������DQG�DUH�SURWHFWHG�DV�OLVWHG�

LQ� WKH�:LOG� $QLPDO� 5HVHUYDWLRQ� DQG� 3URWHFWLRQ�

$FW� �������� 7KH� JDXU� FRQVLVWV� RI� WZR� VXE-

VSHFLHV��%��J��UHDGHL�DQG�%��J��KXEEDFNL��ZKLFK�

FDQ�EH�IRXQG�LQ�WKH�QRUWK�DQG�VRXWK�RI�WKH�,VWK�

PXV� RI� .UD�� UHVSHFWLYHO\� �/HNDJXO� 	� 0F1HHO\��

������� 7KH\�ZHUH � ZLGHVSUHDG� LQ� WKH���� IRUHVW�

FRPSOH[HV�����SURWHFWHG�DUHDV��ZLWK�KLJK�DEXQ�

GDQFH� LQ� WKH� (DVWHUQ�� 'RQJ� 3KD\D\HQ-.KDR�

<DL��.KORQJ�6DQJ-.KDR�6RN��DQG�:HVWHUQ�)RU�

5(6($5&+�$1'�5(32576 
,PSRUWDQFH�RI�SURWHFWHG�DUHDV�LQ�FRQVHUYDWLRQ�
DQG�UHFRYHU\�RI�JDXU��%RV�JDXUXV��LQ�7KDLODQG 
%\�8PSKRUQSLPRQ�3UD\RRQD�F��:DURQJ�6XNVDYDWHD��$LQJRUQ�&KDL\HVE��6XSDJLW�:LQLWSRUQVDZDQF��6RP\�

LQJ�7XQKLNRUQF��&KDWZDURRQ�$QJNDHZF��1DWWDZXW�:DQQDF��6LOD�6ULUDFKDF��6XUD�3DWWDQDNLDWG��$QDN�3DWWD�

QDYLERROH��3UDWHHS�'XHQJNDHD�
 

D6SHFLDO�5HVHDUFK�8QLW�IRU�:LOGOLIH�*HQRPLFV��'HSDUWPHQW�RI�)RUHVW�%LRORJ\��)DFXOW\�RI�)RUHVWU\��.DVHWVDUW�8QLYHUVLW\��7KDLODQG 
E6FKRRO�RI�$JULFXOWXUH�DQG�&RRSHUDWLYHV��6XNKRWKDL�7KDPPDWKLUDW�2SHQ�8QLYHUVLW\��7KDLODQG 
F1DWLRQDO�3DUNV��:LOGOLIH�DQG�3ODQW�&RQVHUYDWLRQ�'HSDUWPHQW��7KDLODQG 
G)DFXOW\�RI�(QYLURQPHQW�DQG�5HVRXUFH�6WXGLHV��0DKLGRO�8QLYHUVLW\��7KDLODQG 
H:LOGOLIH�&RQVHUYDWLRQ�6RFLHW\�7KDLODQG�3URJUDP 


&RUUHVSRQGLQJ�DXWKRU��H-PDLO��SUDWHHSG#KRWPDLO�FRP 
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HVW�&RPSOH[��UHVSHFWLYHO\��.DQFKDQDVDND�HW�DO���

������7KH�IRUHVW�DUHD�LQ�7KDLODQG�KDV�GHFUHDVHG�

IURP�����LQ������WR�����LQ�������5R\DO�)RUHVW�

'HSDUWPHQW�� ������� DQG� ZLWK� WKH� GHJUDGDWLRQ��

IUDJPHQWDWLRQ� DQG� WUDQVIRUPDWLRQ� RI� VXLWDEOH�

KDELWDW�� WKH�SRSXODWLRQV�RI�JDXU�DUH�ORZ�LQ�DEXQ�

GDQFH� RU� DUH� FXUUHQWO\� H[WLUSDWHG� LQ� PDQ\� SUR�

WHFWHG�DUHDV��.DQFKDQDVDND�HW�DO���������3UD\XU�

DVLGGKL�HW�DO����������2Q�WKH�RWKHU�KDQG��WKH�JDXU�

SRSXODWLRQ�LV�LQFUHDVLQJ�LQ�VRPH�SODFHV��VXFK�DV�

LQ� .KDR� 3DQJ� 0D� 1RQ-KXQWLQJ� $UHD�� D� SDUW� RI�

'RQJ� 3KD\D\HQ-.KDR� <DL� )RUHVW� &RPSOH[��

ZKHUH�WKH\�KDYH�LQFUHDVHG�IURP����LQGLYLGXDOV�LQ�

����� WR� ���� LQGLYLGXDOV� LQ� ����� �%LGD\DEKD��

������/DLFKDQWKXHN�HW�DO��������� 

,Q�7KDLODQG�� KROLVWLF� GDWD� IRU� WKH� VXLWDEOH� KDELWDW�

RI� JDXU� KDYH� EHHQ� ODFNLQJ�� 7KLV� GDWD� LV� QHFHV�

VDU\� WR� LQIRUP� DQ� DFWLRQ� SODQ� IRU� JXLGHOLQHV� IRU�

JDXU�FRQVHUYDWLRQ��7KHUHIRUH�� WKH�XQGHUVWDQGLQJ�

RI�JDXU�KDELWDW��HVSHFLDOO\�VXLWDEOH�DUHDV��LV�YHU\�

LPSRUWDQW� WR�PDLQWDLQ� DQG�PDQLSXODWH� WKDW� KDEL�

WDW��7KH�REMHFWLYH�RI�WKLV�UHVHDUFK�ZDV�WR�DVVHVV�

WKH� KDELWDW� VXLWDELOLW\� IRU� JDXU� LQ� 7KDLODQG�� 7KH�

UHVXOWV� ZLOO� SURYLGH� JXLGHOLQHV� RQ� KDELWDW� PDQ�

DJHPHQW�DQG�HIIHFWLYH�FRQVHUYDWLRQ�SODQQLQJ� IRU�

JDXU�DQG�WKHLU�KDELWDW�� 

0DWHULDOV�DQG�PHWKRGV 

6WXG\�DUHD 

7KLV� VWXG\� ZDV� FRQGXFWHG� LQ� SURWHFWHG� DUHDV�

�3$V�� LQ�7KDLODQG�� ORFDWHG�EHWZHHQ�����ƍ–�����ƍ

1�DQG������ƍ–������ƍ(��7KH� WRWDO�����3$V�FRY�

HUHG���������NP���7KHVH�DUH�HVWDEOLVKHG�WR�SUR�

WHFW�DQG�EXIIHU�RI�ZLOGOLIH�KDELWDW��FRYHULQJ�������

RI� WKH� FRXQWU\�� 7KHVH�3$V� DUH� FRPSULVHG� RI� ���

ZLOGOLIH� VDQFWXDULHV� �������� NP���� ���� QDWLRQDO�

SDUNV���������NP�������QRQ-KXQWLQJ�DUHDV��������

NP����DQG����IRUHVW�SDUNV��������NP���ZKLFK�DUH�

JURXSHG� LQWR� ��� IRUHVW� FRPSOH[HV� ���� WHUUHVWULDO�

DQG� WZR� PDULQH� IRUHVW� FRPSOH[HV��� 7KH� VXUYH\�

DUHDV� FRYHUHG� ���� SURWHFWHG� DUHDV� ���������

NP���FRQVLVWLQJ�RI����ZLOGOLIH�VDQFWXDULHV���������

NP���� ���� QDWLRQDO� SDUNV� �������� NP��� DQG� ���

QRQ-KXQWLQJ�DUHDV��������NP���� 

6SHFLHV�RFFXUUHQFH�GDWD 

*DXU� RFFXUUHQFH� GDWD� ZHUH� REWDLQHG� IURP� WKH�

'HSDUWPHQW�RI�1DWLRQDO�3DUNV��:LOGOLIH�DQG�3ODQW�

&RQVHUYDWLRQ��7KH�SUHVHQFH�GDWD�ZHUH�UHFRUGHG�

IURP� WKH� VLJQV� VXUYH\� DQG� DOVR� LQFOXGHG� GLUHFW�

VLJKWLQJV�E\� WKH�6PDUW�3DWURO�0RQLWRULQJ�&HQWHU�

LQ�������7KH�VXUYH\�WHDP�UHFRUGHG�WKH�SUHVHQFH�

RI� JDXU� DORQJ� ZLOGOLIH� WUDLOV�� SDWURO� URXWHV�� DQG�

EXIIHU�]RQHV�LQ�3$V�DFURVV�7KDLODQG��*DXU�VLJQV�

LQ�RQH���-PLQXWH�VXUYH\�WLPH�SHULRG�FRUUHVSRQG�

HG� WR� RQH� SUHVHQFH� UHFRUG�� 7KHUH� ZHUH� ������

UHFRUGV�RI�SUHVHQFH� �7KH�SUHVHQFH�UHFRUGV�DQG�

WUDLOV� ZHUH� VWDQGDUGL]HG� E\� FUHDWLQJ� �NP�� JULG�

FHOOV�WR�DQDO\]H�WKH�VWXG\�DUHD��ZKLFK�FRYHUHG�DOO�

IRUHVW�W\SHV�DQG�HOHYDWLRQV��7KH�VXUYH\�FRYHUHG�

�������JULG�FHOOV��RU�������RI�WKH�VXUYH\�DUHD� 

(QYLURQPHQW�YDULDEOHV 

7KH� KDELWDW� VXLWDELOLW\� ZDV� JHQHUDWHG� EDVHG� RQ�

��� YDULDEOHV� LQFOXGLQJ� WKH� HFRORJLFDO� YDULDEOHV�

�IRUHVW� W\SH�� IRUHVW� FDQRS\� KHLJKW�� GLVWDQFHV� WR�

WKH�QHDUHVW�LQWDFW�IRUHVW�ODQGVFDSH�>,)/@��DQG�GLV�

WDQFHV�WR�WKH�QHDUHVW�VWUHDP���WRSRJUDSKLF�YDULD�

EOHV��HOHYDWLRQ�DQG�VORSH���DQG�FOLPDWLF�YDULDEOHV�

�DQQXDO�PHDQ�WHPSHUDWXUH��%,2����PHDQ�GLXUQDO�

UDQJH��%,2����LVRWKHUPDOLW\��%,2����WHPSHUDWXUH� 

*DXU����3UDWHHS�'XHQJNDH�� 
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VHDVRQDOLW\��%,2����PD[LPXP�WHPSHUDWXUH�RI�WKH�

ZDUPHVW� PRQWK� �%,2���� DQQXDO� SUHFLSLWDWLRQ�

�%,2����� SUHFLSLWDWLRQ� VHDVRQDOLW\� �%,2����� DQG�

SUHFLSLWDWLRQ�RI�ZDUPHVW�TXDUWHU��%,2������� 

)RXU� HFRORJLFDO� YDULDEOHV�ZHUH� LQFOXGHG�� )LUVWO\��

WKH�IRUHVW�W\SH�LQ������ZDV�XVHG�WR�JHQHUDWH�WKH�

PRGHO��7KH�IRUHVW�DUHDV�FRYHUHG�������RI�7KDL�

ODQG� �5R\DO� )RUHVW� 'HSDUWPHQW�� ������� ,W� ZDV�

FODVVLILHG� IURP� VDWHOOLWH� LPDJHU\� LQWR� ��� FDWHJR�

ULHV� QDPHO\� WURSLFDO� UDLQ� IRUHVW�� GU\� HYHUJUHHQ�

IRUHVW�� KLOO� HYHUJUHHQ� IRUHVW�� FRQLIHURXV� IRUHVW��

SHDW�VZDPS�IRUHVW��PDQJURYH�IRUHVW��IUHVK-ZDWHU�

VZDPS� IRUHVW�� EHDFK� IRUHVW�� PL[HG� GHFLGXRXV�

IRUHVW�� GU\� GLSWHURFDUS� IRUHVW�� EDPERR� IRUHVW��

VHFRQGDU\� IRUHVW�� JUDVVODQG�� YHJHWDWLRQ� RQ� D�

URFN� SODWIRUP�� DQG� QRQ-IRUHVW� DUHD� �DJULFXOWXUDO�

DUHD�DQG�DEDQGRQHG�DJULFXOWXUDO�ODQG���7KLV�GDWD�

ZDV� REWDLQHG� IURP� 5R\DO� )RUHVW� 'HSDUWPHQW�

�������� 6HFRQGO\�� WKH� IRUHVW� FDQRS\� KHLJKW� LQ�

����� �3RWDSRY�HW�DO���������ZDV�XVHG� WR�JHQHU�

DWH� WKH�KDELWDW�VXLWDELOLW\�PRGHO��7KLUGO\�� WKH� ,)/�

DURXQG� ������� NP�� ����� RI� 3$V�� LQ� ����� ZDV�

XVHG�WR�SUHGLFW�WKH�VXLWDEOH�KDELWDW�ZKLFK�H[WUDFW�

HG� IURP�ZZZ�LQWDFWIRUHVW�RUJ��/DVWO\�� WKH�VWUHDP�

ZDV� FUHDWHG� IURP� WKH� WRSRJUDSKLF� PDS� DW�

���������VFDOH�LQ������ZKLFK�REWDLQHG�IURP�5R\�

DO�7KDL�6XUYH\�'HSDUWPHQW� 

7KH� WRSRJUDSKLF� YDULDEOHV� FRQVLVW� RI� WKH� HOHYD�

WLRQ� DQG� VORSH� ZKLFK� H[WUDFWHG� IURP�

ZZZ�ZRUOGFOLP�RUJ��YHUVLRQ�������)RU�WKH�FOLPDWLF�

YDULDEOHV�� WKH� FOLPDWLF� GDWD� SHULRG� ����-�����

ZDV�SUHGLFWHG�WKH�PRGHOLQJ�ZKLFK�H[WUDFWHG�IURP�

ZZZ�ZRUOGFOLP�RUJ� �YHUVLRQ� ������ 7KH� EDQG� FRO�

OHFWLRQ�VWDWLVWLFV� WRRO� LQ�$UF*,6�ZDV�XVHG� WR�VH�

OHFW���YDULDEOHV��%,2���%,2���%,2���%,2���%,2���

%,2����%,2����%,2���� WKDW� FRUUHODWHG� OHVV� WKDQ�

���� �U� �� ����� IRU� SUHGLFWLQJ� KDELWDW� VXLWDELOLW\�

�7ULVXUDW�HW�DO��������(EUDKLPL�HW�DO�������� 

+DELWDW�VXLWDELOLW\�PRGHO 

7KH�0D[LPXP�(QWURS\�6SHFLHV�'LVWULEXWLRQ�0RG�

HOLQJ��0D[HQW��YHUVLRQ�������ZDV�XVHG�WR�DQDO\]H�

KDELWDW�VXLWDELOLW\��3KLOOLSV�HW�DO���������3KLOOLSV�	�

'XGLN��������(EUDKLPL�HW�DO����������0D[HQW�ZDV�

FKRVHQ�EHFDXVH�WKH�GDWD�VHW�ZDV�SUHVHQFH-RQO\�

GDWD�� 7KH� PD[HQW� JHQHUDWHG� SVHXGR-DEVHQFH�

GDWD�ZKLFK�FRYHUHG� WKH�ZKROH�DUHD� LQ�7KDLODQG��

$� UDQGRPO\� VHOHFWHG� VDPSOH� RI� ���� RI� RFFXU�

UHQFH�GDWD�ZDV�XVHG�DV� WUDLQ� GDWD�DQG�����DV�

WHVW� GDWD� �&LDQIUDQL� HW� DO��� ������ 7ULVXUDW� HW� DO���

�������$OO� HQYLURQPHQWDO� OD\HUV�ZHUH� UHVDPSOHG�

WR�WKH�VDPH�FHOO�VL]H�DV���NP��FRYHULQJ���������

NP��RI�WKH�PDLQODQG��)RU�LGHQWLILFDWLRQ�RI�WKH�DU�

HD� RI� KDELWDW� VXLWDELOLW\�� WKH� SUREDELOLW\� RI� SUHV�

HQFH�YDOXH���-���ZDV�FXW�RII�E\�XVLQJ�WKH�ORJLVWLF�

WKUHVKROG� RI� PD[LPXP� WUDLQLQJ� VHQVLWLYLW\� SOXV�

VSHFLILFLW\�WR�LGHQWLI\�WKH�VXLWDEOH�DUHD�DQG�HTXDO�

)RUHVW�FRPSOH[ $UHD��NP�� 
1XPEHU�RI�JULG����NP��JULG� 

6XUYH\�JULG *DXU�SUHVHQFH�JULG 

6ULODQQD-.KXQ�7DQ ����� ����� �� 

3KX�0LDQJ-3KX�7KRQJ ����� ����� �� 

3KX�.KLHR-1DP�1DR ����� ����� ��� 

3KDQRP�'RQJUDN-3KD�7DP ����� ����� � 

'RQJ�3KD\D\HQ-.KDR�<DL ����� ����� ��� 

(DVWHUQ ����� ����� ��� 

:HVWHUQ ������ ������ ��� 

.DHQJ�.UDFKDQ ����� ����� �� 

&KXPSKRQ ����� ����� �� 

.KORQJ�6DHQJ-.KDR�6RN ����� ����� ��� 

+DOD-%DOD ����� ��� � 

7DEOH���'LVWULEXWLRQ�RI�JDXUV�LQ�7KDLODQG 
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WUDLQLQJ� VHQVLWLYLW\� DQG� VSHFLILFLW\� WR� LGHQWLI\� WKH�

FRUH�DUHD��7ULVXUDW�HW�DO���������3ODQLVRQJ�HW�DO���

������6LOYD�HW�DO��������� 

5HVXOWV 

'LVWULEXWLRQ� 

*DXU� RFFXUUHG� LQ� ��� WHUUHVWULDO� IRUHVW� FRPSOH[HV�

�)LJ�� �� DQG� 7DEOH� ���� 7KH� GLVWULEXWLRQ� UDQJH� RI�

JDXU�FRYHUHG��������NP��RYHU����3$V��7KH�GLVWUL�

EXWLRQ�DUHD�PRVWO\� FRQQHFWHG� WR� WKH� ODUJH�SDWFK�

KDELWDW� H[FHSW� WKH� 6ULODQQD-.KXQ� ����� 7DQ� DQG�

+DOD-%DOD� ����� )RUHVW� &RPSOH[HV�� 7KH� ODUJHVW�

GLVWULEXWLRQ� UDQJH� ZDV� ORFDWHG� LQ� WKH� :HVWHUQ�

)RUHVW�&RPSOH[������� 

7KH�JDXU�RFFXUUHQFH�GDWD�ZDV�GLVWULEXWHG�LQ�HLJKW�

IRUHVW�W\SHV�LQFOXGLQJ�GU\�HYHUJUHHQ�IRUHVW��PL[HG�

GHFLGXRXV� IRUHVW��PRLVW�HYHUJUHHQ� IRUHVW��KLOO�HY�

HUJUHHQ� IRUHVW��GU\�GLSWHURFDUS� IRUHVW��VHFRQGDU\�

IRUHVW�� JUDVVODQG�� DQG� QRQ-IRUHVW� DUHD�

�DJULFXOWXUDO� DUHD� DQG� DEDQGRQHG� DJULFXOWXUDO�

ODQG���7KH�JDXU�GLVWULEXWHG�LQ�GLIIHUHQW�IRUHVW�FDQ�

RS\�KHLJKW��HOHYDWLRQ��DQG�VORSH��)LJ������7KH�UH�

VXOWV� VKRZHG� � JDXU�PRVWO\� SRVLWLYHO\� DVVRFLDWHG�

LQ� WKH� KDELWDW� OHVV� WKDQ� ��P� RI� IRUHVW� FDQRS\��

)LJXUH���*DXU�GLVWULEXWLRQ�LQ�7KDLODQG��ZKHUH�RXWOLQHV�

RI� ER[HV� LQGLFDWH� IRUHVW� FRPSOH[�PDQDJHPHQW� XQLWV�� ����

6ULODQQD-.KXQ� 7DQ�� ���� 3KX� 0LDQJ-3KX� 7KRQJ�� ���� 3KX�

.KLHR-1DP� 1DR�� ���� 3KDQRP� 'RQJUDN-3KD� 7DP�� ����

'RQJ� 3KD\D\HQ-.KDR� <DL�� ���� (DVWHUQ�� ����:HVWHUQ�� ����

.DHQJ�.UDFKDQ������&KXPSKRQ�������.KORQJ�6DHQJ-.KDR�

6RN��DQG������+DOD-%DOD�)RUHVW�&RPSOH[ 

)LJXUH� �� � *DXU� GLVWULEXWLRQ� EHWZHHQ� GLIIHUHQW� IRUHVW� W\SH� DQG� �$�� IRUHVW� FDQRS\� KHLJKW�� �%�� HOHYDWLRQ�� DQG� �&��

VORSH��'()� �GU\�HYHUJUHHQ�IRUHVW��0')� �PL[HG�GHFLGXRXV�IRUHVW��0()� �PRLVW�HYHUJUHHQ�IRUHVW��+() �KLOO�HYHUJUHHQ�

IRUHVW��'')� �GU\�GLSWHURFDUS�IRUHVW��6)� �VHFRQGDU\�IRUHVW��*U� �JUDVVODQG��1)$� �QRQ-IRUHVW�DUHD�L�H��DJULFXOWXUDO�DUHD�

DQG�DEDQGRQHG�DJULFXOWXUDO�ODQG� 
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KHLJKW�������P�DERYH�PHDQ�VHD�OHYHO��PVO���DQG�

���GHJUHH�RI�VORSH � 

+DELWDW�VXLWDELOLW\ 

7KH�KDELWDW� VXLWDELOLW\�PRGHO� VKRZHG�D�KLJK�GH�

JUHH�RI�DFFXUDF\� �$8&� �������7KH� LQWDFW� IRUHVW�

ODQGVFDSH� KDG� WKH� KLJKHVW� UHODWLYH� SHUFHQWDJH�

FRQWULEXWLRQ�IRU�JDXU�VXLWDEOH�KDELWDW��IROORZHG�E\�

IRUHVW� W\SH�� SUHFLSLWDWLRQ� VHDVRQDOLW\�� DQG� IRUHVW�

FDQRS\� KHLJKW�� UHVSHFWLYHO\� �7DEOH� ���� 7KH� JDXU�

SUREDELOLW\� RI� SUHVHQFH� LQFUHDVHG� ZKHQ� QHDUHVW�

WKH� ,)/�� 7KH� PL[HG� GHFLGXRXV�� GU\� HYHUJUHHQ��

DQG�PRLVW�HYHUJUHHQ�IRUHVW�KDG�WKH�KLJKHVW�SURE�

DELOLW\� RI� SUHVHQFH�� UHVSHFWLYHO\�� 7KH� MDFNNQLIH�

WHVW� RI� YDULDEOH� LPSRUWDQFH� IRU� WKH� JDXU� KDELWDW�

VXLWDEOH� PRGHO� LQGLFDWHG� WKDW� WKH� ,)/� ZDV� WKH�

KLJKHVW�JDLQ�ZKHQ�XVHG� LQ� LVRODWLRQ�� IROORZHG�E\�

IRUHVW� W\SH�� IRUHVW�FDQRS\�KHLJKW��DQG�PD[� WHP�

SHUDWXUH�RI�ZDUPHVW�PRQWK��UHVSHFWLYHO\��)LJ������ 

(QYLURQPHQWDO�YDULDEOH 
5HODWLYH�SHUFHQWDJH�
FRQWULEXWLRQV 

3HUPXWDWLRQ�LPSRUWDQFH 

(FRORJLFDO�YDULDEOH     

'LVWDQFH�WR�LQWDFW�IRUHVW�ODQGVFDSH ���� ���� 

)RUHVW�W\SH ���� ��� 

)RUHVW�FDQRS\�KHLJKW ��� ��� 

'LVWDQFH�WR�VWUHDP ��� ��� 

7RSRJUDSKLF�YDULDEOH     

(OHYDWLRQ ��� ��� 

6ORSH ��� ��� 

&OLPDWLF�YDULDEOH     

%,2���$QQXDO�PHDQ�WHPSHUDWXUH ��� ���� 

%,2���0HDQ�GLXUQDO�UDQJH ��� ��� 

%,2���,VRWKHUPDOLW\ ��� ��� 

%,2���7HPSHUDWXUH�VHDVRQDOLW\ ��� ���� 

%,2���0D[�WHPSHUDWXUH�RI�ZDUPHVW�PRQWK ��� ��� 

%,2����$QQXDO�SUHFLSLWDWLRQ ��� ��� 

%,2����3UHFLSLWDWLRQ�VHDVRQDOLW\ ��� ���� 

%,2����3UHFLSLWDWLRQ�RI�ZDUPHVW�TXDUWHU ��� ��� 

7DEOH���7KH� UHODWLYH� SHUFHQWDJH� FRQWULEXWLRQV�DQG� SHUPXWDWLRQ� LPSRUWDQFH� IRU� HQYLURQPHQWDO� YDULDEOHV� XVHG� LQ�

PRGHOLQJ�RI�JDXU�KDELWDW�VXLWDELOLW\� 

+HUG�RI�*DXU����3UDWHHS�'XHQJNDH�� 
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7KH�JDXU�KDELWDW�VXLWDELOLW\�VKRZHG�WKH�KLJK�

SUREDELOLW\� RI� VXLWDEOH� KDELWDW� ORFDWHG� ZLWK� WKH�

ODUJH�SDWFK�DUHD� �)LJ�� �$���7KH�SRWHQWLDO� KDELWDW�

IRU�JDXU�FRYHUHG��������NP��RU�RQO\������RI�WKH�

PDLQODQG��ZKLOH�WKH�FRUH�DUHDV�ORFDWHG�LQ�VXLWDEOH�

DUHD� UHPDLQHG� ������� NP�� ������ RI� WKH� PDLQ�

ODQG����������NP�� �������RI�JDXU� VXLWDEOH�DUHD��

ZDV� ORFDWHG� LQVLGH� WKH� 3$V�� ZKLOH� WKH� DURXQG�

������ NP�� �������RI� VXLWDEOH� DUHD��ZDV� ORFDWHG�

RXWVLGH� 3$V�� HVSHFLDOO\� LQ� VPDOO� IRUHVW� SDWFKHV��

DJULFXOWXUDO� DUHD�� DQG� DEDQGRQHG� DJULFXOWXUDO�

ODQG��)LJ���%�DQG�7DEOH�����7KH�UHVXOWV�LQGLFDWHG�

WKH� SRWHQWLDO� KDELWDW� UHPDLQHG� LQ� VHYHQ� IRUHVW�

FRPSOH[HV� FRQVLVWV� RI� WKH�:HVWHUQ�� 'RQJ� 3KD�

\D\HQ-.KDR� <DL�� .KORQJ� 6DHQJ-.KDR� 6RN��

.DHQJ� .UDFKDQ�� 3KX� .KLHR-1DP� 1DR�� (DVWHUQ��

DQG�3KX�0LDQJ-3KX�7KRQJ�)RUHVW�&RPSOH[�� UH�

VSHFWLYHO\� 

$OWKRXJK�WKH�JDXU�RFFXUUHG�LQ����IRUHVW�FRPSOH[�

HV�� RQO\� VHYHQ� IRUHVW� FRPSOH[HV� ZHUH� VXLWD�

EOH�  �0RUHRYHU������RI�WKH�VXLWDEOH�KDELWDW�DUHD�

IHOO�RXWVLGH�3$V�DQG�ERUGHUHG�3$V��)LJ������0RVW�

RI� WKHVH�DUHDV�ZHUH�FRQQHFWHG� WR�EHFRPH� ODUJH�

SDWFKHV� RI� DUHD� ZKLFK� ZHUH� SUREDEO\� ODUJH�

HQRXJK� IRU� JDXU� WR� LQKDELW�� DOWKRXJK� VRPH� RI�

WKHVH�SDWFKHV�ZHUH�IUDJPHQWHG�DQG�VPDOO��QHDUO\�

GHVWUR\HG�DUHDV� 

)LJXUH��� �-DFNNQLIH�DQDO\]HG�LQGLYLGXDO�SUHGLFWRU�YDULDEOHV�LPSRUWDQW�LQ�WKH�GHYHORSPHQW�RI�WKH�PRGHO�WR�WKH�RYHUDOO�PRGHO�

TXDOLW\��UHJXODUL]HG�WUDLQLQJ�JDLQ���7KH�GDUN-EOXH�EDUV�LQGLFDWH�WKH�JDLQ�DFKLHYHG�ZKHQ�LQFOXGLQJ�RQO\�WKDW�YDULDEOH�DQG�H[�

FOXGLQJ�WKH�UHPDLQLQJ�YDULDEOHV��OLJKW-EOXH�EDUV�LQGLFDWH�WKH�JDLQ�LV�GLPLQLVKHG�ZLWKRXW�WKH�JLYHQ�SUHGLFWRU�YDULDEOH� 

*DXU�KDELWDW 
/RJLVWLF� 
WKUHVKROGV 

$UHD� 
�NP�� 

3HUFHQWDJH� 
RI�7KDLODQGE 

3HUFHQWDJH� 
RI�3$VF 

$UHD�ORFDWHG�LQVLGH�3$V 

$UHD��NP�� ��RI�$UHD 

6XLWDEOH�DUHD ������ ������ ��� ���� ������ ���� 

&RUH�DUHD ������ ������ ��� ���� ������ ���� 

7DEOH���6XLWDEOH�KDELWDW�DQG�FRUH�DUHD�RI�JDXU�LQ�7KDLODQG 

D/RJLVWLF�WKUHVKROG�FXW-RII�YDOXH��E0DLQODQG�DUHD���������NP���F7RWDO�3$V�DUHD�LQ�WKH�PDLQODQG���������NP���H[FOXGLQJ�IRU�
HVW�SDUNV� 
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'LVFXVVLRQ 

'LVWULEXWLRQ 

&XUUHQWO\��JDXU�RFFXU�LQ����IRUHVW�FRPSOH[HV��ZKLFK�

LV� D� GHFUHDVH� IURP� ��� IRUHVW� FRPSOH[HV� LQ� ������

+RZHYHU��WKH�QXPEHU�RI�3$V�RFFXSLHG�E\�JDXU�KDV�

LQFUHDVHG� IURP� ��� LQ� ����� WR� ��� LQ� �����

�.DQFKDQDVDND�HW�DO��� �������7KLV�QHZ�RFFXUUHQFH�

FRXOG�EH�IURP�WKH�GLVSHUVDO�RI�JDXU�SRSXODWLRQ�IURP�

WKH� DGMDFHQW�3$V��$QRWKHU� SRVVLEOH� UHDVRQ� IRU� WKH�

DGGLWLRQDO�DUHDV�LV�WKH�LQFUHDVHG�SURWHFWLRQ�DQG�SD�

WUROOLQJ� RI� 3$V� �1DWLRQDO� 3DUNV�� :LOGOLIH� DQG� 3ODQW�

&RQVHUYDWLRQ� 'HSDUWPHQW�� SHUVRQDO� FRPPXQLFD�

WLRQ��� 3UHVHQWO\�� JDXU� DUH� GLVWULEXWHG� PRUH� ZLGHO\�

WKDQ� LQ� WKH� SDVW�� EXW� DUH� H[WLUSDWHG� IURP� VRPH�

QRUWKHUQ�DQG�VRXWKHUQ�3$V�ZKHUH� WKH\�ZHUH� IRXQG�

LQ� ������ $GGLWLRQDOO\�� .DQFKDQDVDND� HW� DO�� �������

UHSRUWHG�WKDW�JDXU� LQFUHDVHG� LQ�DEXQGDQFH� LQ� ODUJH�

3$V�FRQQHFWHG� WR� ODUJH�KDELWDW�SDWFKHV��7KH�KLJK�

HVW� DEXQGDQFH� ZLWKLQ� IRUHVW� FRPSOH[HV�ZHUH� (DVW�

HUQ��'RQJ�3KD\D\HQ-.KDR<DL��.KORQJ�6DHQJ-.KDR�

)LJXUH����+DELWDW�VXLWDELOLW\�IRU�JDXU��$��+DELWDW�VXLWDELOLW\��%��+DELWDW�LV�FODVVLILHG�DV�VXLWDEOH�KDELWDW�DQG�FRUH�DUH�

DV������3KX�0LDQJ-3KX�7KRQJ������3KX�.KLHR-1DP�1DR������'RQJ�3KD\D\HQ-.KDR�<DL������(DVWHUQ������:HVWHUQ������.DHQJ�

.UDFKDQ��DQG�����.KORQJ�6DHQJ-.KDR�6RN�)RUHVW�&RPSOH[� 

)LJXUH� �� �*DXU� VXLWDEOH� KDELWDW� LQVLGH� DQG� RXWVLGH�

SURWHFWHG�DUHDV 
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 6RN��:HVWHUQ��3KX�.KLHR-1DP�1DR��DQG�.DHQJ�

.UDFKDQ�)RUHVW�&RPSOH[�� UHVSHFWLYHO\��$GGLWLRQ�

DOO\�� D� VPDOO� JURXS�RI�*DXU� LQKDELWHG�DUHDV�RXW�

VLGH�RI�3$V�� 

+DELWDW�VXLWDELOLW\ 

*DXU� LQKDELWHG� VHYHUDO� IRUHVW� W\SHV� DQG� HOHYD�

WLRQV�� $FFRUGLQJ� WR� WKHVH� UHVXOWV�� � JDXU� XVHG�

PDQ\�HOHYDWLRQ�OHYHOV�IURP�����P�XS�WR�������P�

DERYH�VHD�OHYHO��DVO���ZKLOH�WKH�KDELWDW�VXLWDELOLW\�

PRGHO� SUHGLFWHG� WKH� KLJKHVW� SUREDELOLW\� RI� SUHV�

HQFH� DSSHDUHG� LQ� ���–������P�DVO�� ,Q� DGGLWLRQ��

WKLV� UHVHDUFK� VKRZHG� WKH� ODQG� FRYHU� YDULDEOHV�

�,)/�DQG�IRUHVW�W\SH��DUH�PRUH�LPSRUWDQW�WKDQ�EL�

RFOLPDWLF� YDULDEOHV� IRU� JDXU� KDELWDW�� 0HDQZKLOH��

7ULVXUDW� HW� DO�� ������� GLVFRYHUHG� WKH� VWURQJHVW�

YDULDEOHV�DVVRFLDWHG�ZLWK�JDXU�SUHVHQFH�LQ�QRUWK�

HUQ�7KDLODQG�ZHUH�FRPSRVHG�RI�WKH�WHPSHUDWXUH�

YDULDEOHV� �PHDQ�� PD[LPXP�� DQG� PLQLPXP� WHP�

SHUDWH���SUHFLSLWDWLRQ�RI�FROGHVW�TXDUWHU��DQG�GLV�

WDQFH� WR� URDG�� UHVSHFWLYHO\�� +RZHYHU�� DFFRUGLQJ�

WR� WKH� UHVXOWV� RI� VXLWDEOH� KDELWDW� LQ� WKH�:HVWHUQ�

)RUHVW�&RPSOH[��JDXU� DUH� OLNHO\� WR� LQKDELW� DUHDV�

RI�WKH�VKDOORZ�VORSH��FORVHU�WR�WKH�UDQJHU�VWDWLRQV�

DQG� VWUHDPV�� DQG� IXUWKHU� IURP� YLOODJHV� �7ULVXUDW�

HW�DO����������.DQFKDQDVDND�HW�DO���������VKRZHG�

WKDW�HQYLURQPHQWDO�IDFWRUV�ZHUH�VLJQLILFDQW�WR�WKH�

KDELWDW�VHOHFWLRQ�RI�JDXU�LQ�7KDLODQG��7KH�VXLWDEOH�

DUHD� FRQVLVWV� RI� OHVV� VORSHG� DUHDV� ��–��� GH�

JUHHV��� QHDU� VDOW� OLFNV�� DQG� FORVH� WR� WKH� ZDWHU�

VRXUFHV��OHVV�WKDQ���NP�GLVWDQFH���7KH�GDWD�LQGL�

FDWHG� WKH�JDXU¶V� SUREDELOLW\� RI� SUHVHQFH�ZDV� LQ�

FUHDVHG� ZKHQ� QHDUHVW� WR� VWUHDPV� DQG� JDXU�

DYRLGHG� KXPDQ� GLVWXUEHG� DUHDV�� � 0RUHRYHU�� WKH�

HIIHFWV�RI�ORVV�RI�VXLWDEOH�KDELWDW�VKRZHG�WKDW�GH�

IRUHVWDWLRQ� KDG� D� VWURQJHU� LPSDFW� WKDQ� FOLPDWH�

FKDQJH��7ULVXUDW�HW�DO���������� 

+DELWDW�PDQDJHPHQW�FRQFHUQ� 

$FFRUGLQJ�WR�WKH�UHVXOWV�RI�VXLWDEOH�DUHD�DQDO\VLV��

KXJH�VXLWDEOH�DUHDV�ZHUH�ORFDWHG�RXWVLGH�3$V�LQ�

DJULFXOWXUDO�DUHDV�DQG�VPDOO�IRUHVW�SDWFKHV�LQ�WKH�

SRWHQWLDO� IRUHVW� FRPSOH[HV� IRU� JDXU� KDELWDW� �L�H��

'RQJ� 3KD\D\HQ-.KDR� <DL�� (DVWHUQ�� :HVWHUQ��

.KDQJ� .UDFKDQ�� DQG� .KORQJ� 6DHQJ-.KDR� 6RN�

)RUHVW� &RPSOH[��� $URXQG� ������ RI� WKH� VXLWDEOH�

KDELWDW� IRU� JDXU� LV� DW� ULVN� EHFDXVH� LW� LV� ORFDWHG�

RXWVLGH�3$V�ZKLFK�GLG�QRW�SURFHHG�WR�SURWHFW�WKH�

DUHDV�� 0RUHRYHU�� WKH� ORFDO� FRPPXQLWLHV� XVHG�

WKHVH�DUHDV�DQG�QDWXUDO�SURGXFWV�LQ�ERUGHU�IRUHVW�

ODQGV�DQG�WKH�EXIIHU�]RQHV�EHWZHHQ�3$V�DQG�YLO�

ODJHV�� 7KHUHIRUH�� VXLWDEOH� JDXU� KDELWDWV� ORFDWHG�

RXWVLGH� RI� 3$V� ZHUH� QHDUO\� GHVWUR\HG�� 1RZD�

GD\V�� DJULFXOWXUDO� DUHDV� KDYH� VXUURXQGHG� WKH�

HGJHV�RI�3$V�DQG�LQ�VRPH�SODFHV�KDYH�GLVWXUEHG�

WKH�IRUHVW�DUHDV�DW�WKH�HGJHV�RI�3$V��$GGLWLRQDO�

O\�� WKH� H[SDQVLRQ� RI� DJULFXOWXUDO� DUHDV�� VHWWOH�

PHQWV��DQG� URDGV� LQ�7KDLODQG�KDV�FDXVHG�PDQ\�

ZLOGOLIH�KDELWDWV�WR�EHFRPH�IUDJPHQWHG��GHJUDGHG�

DQG�WUDQVIRUPHG��HVSHFLDOO\�LQ�WKH�ORZODQG�IRUHVW�

�3UD\XUDVLGGKL� HW� DO��� ������ 1DPNKDQ� HW� DO���

�������7KHVH�ODQGVFDSH�FKDQJHV�FDXVH�VXLWDEOH�

JDXU� KDELWDW� WR� GHFUHDVH� DQG� DV� VXFK� WKUHDWHQ�

WKH� JDXU� SRSXODWLRQV�� 7KH� VXLWDEOH� DUHD� RXWVLGH�

3$V� FDQ� EH� DQ� LPSRUWDQW� SDUW� RI� DQG� DGG� JUHDW�

YDOXH� IRU� JDXU� FRQVHUYDWLRQ��)XWXUH�JDXU� KDELWDW�

PDQDJHPHQW� SODQQLQJ� VKRXOG� WKHUHIRUH� LQFOXGH�

WKHVH�DUHDV�WR�PDQDJH�DQG�PDLQWDLQ� WKH�KDELWDW�

IRU�HIIHFWLYH�JDXU�FRQVHUYDWLRQ�LQ�7KDLODQG� 

$FNQRZOHGJHPHQWV 

7KH�'HSDUWPHQW� RI� 1DWLRQDO� 3DUNV��:LOGOLIH� DQG�

3ODQW� &RQVHUYDWLRQ� DQG� WKH� )DFXOW\� RI� )RUHVWU\��

.DVHWVDUW�8QLYHUVLW\��%DQJNRN��7KDLODQG�FRQWULE�

XWHG� GDWD�� 7KLV� UHVHDUFK� ZDV� VXSSRUWHG� E\�

³:LOGOLIH�+DELWDW�5HVWRUDWLRQ� IRU�3UH\�6SHFLHV�RI�

7LJHU� LQ�'RQJ�3KD\D\HQ-.KDR�<DL� )RUHVW�&RP�

SOH[´� SURMHFW� �3-��-������� RI� WKH� 1DWLRQDO� 6FL�

HQFH� DQG� 7HFKQRORJ\� 'HYHORSPHQW� $JHQF\�

�167'$�� 
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5HIHUHQFHV 

%LGD\DEKD�� 7�� ������� (FRORJ\� DQG� EHKDYLRU� RI� JDXU� �%RV�

JDXUXV�� LQ�D�GHJUDGHG�DUHD�DW�.KDR�3KDHQJ-0D�WKH�

1RUWKHDVWHUQ�HGJH�RI�.KDR�<DL�1DWLRQDO�3DUN��7KDL�

ODQG�� 0DVWHU� 7KHVLV�� 0DKLGRO� 8QLYHUVLW\�� %DQJNRN��

7KDLODQG� 

&LDQIUDQL��&���/H�/D\��*���+LU]HO��$�+��DQG�/R\��$�� �������'R�

KDELWDW�VXLWDELOLW\�PRGHOV�UHOLDEO\�SUHGLFW�WKH�UHFRYHU\�

DUHDV�RI�WKUHDWHQHG�VSHFLHV" -RXUQDO�RI�$SSOLHG�(FRO�

RJ\� � � ����� SS����-����� GRL�RUJ���������M�����-

����������������[ 

'XFNZRUWK�� -�:���6DQNDU��.���:LOOLDPV��$�&���6DPED�.XPDU��

1���DQG�7LPPLQV��5�-���������%RV�JDXUXV��7KH�,8&1�

5HG� /LVW� RI� 7KUHDWHQHG� 6SHFLHV�� %RV� JDXUXV��

G R L � R U J � � � � � � � � � , 8 & 1 � 8 . � � � � � -

��5/76�7����$���������HQ� 

(EUDKLPL��$���)DUDVKL��$��DQG�5DVKNL��$���������+DELWDW�VXLWD�

ELOLW\�RI�3HUVLDQ� OHRSDUG� �3DQWKHUD�SDUGXV�VD[LFRORU��

LQ� ,UDQ� LQ� IXWXUH� (QYLURQPHQWDO� (DUWK� 6FLHQFHV� � �

������SS��-����GRL�RUJ���������V�����-���-����-� 

.DQFKDQDVDND��%��� 7XQKLNRUQ��6���:LQLWSRUQVDZDQ��6���3UD\�

RRQ��8���DQG�)DHQJEXESKD��.���������6WDWXV�RI�/DUJH�

0DPPDOV� LQ� 7KDLODQG�� :LOGOLIH� 5HVHDUFK� 'LYLVLRQ��

'HSDUWPHQW� RI� 1DWLRQDO� 3DUNV�� :LOGOLIH� DQG� 3ODQW�

&RQVHUYDWLRQ��7KDLODQG��>LQ�7KDL@� 

.DUDQWK�� .�8�� DQG� 6XQTXLVW�� 0�(�� ������� 3UH\� VHOHFWLRQ� E\�

WLJHU��OHRSDUG�DQG�GKROH�LQ�WURSLFDO�IRUHVWV� -RXUQDO�RI�

$QLPDO�(FRORJ\��SS����-�����GRL�RUJ������������� 

/DLFKDQWKXHN��3���6XNPDVXDQJ��5���DQG�'XHQJNDH��3���������

3RSXODWLRQ� DQG� KDELWDW� XVH� RI� JDXU� �%RV� JDXUXV��

DURXQG�.KDR�3KDHQJ�0D�1RQ-KXQWLQJ�$UHD��1DNKRQ�

5DWFKDVLPD�3URYLQFH��-RXUQDO�RI�:LOGOLIH�LQ�7KDLODQG��

����SS���-����>LQ�7KDL@� 
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